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- 1 - DESCRI PTI ON SUBSTRATE CUTTI NG APPARATUS AND

SUBSTRATE CUTTI NG METHOD 5 TECHNI CAL FI ELD MD026 The
present invention relates to a substrate cutting

apparatus and substrate outtingnethod or cutting a
substrate 10 by formng a scribe line on a substrate mpg2g
and breaking the substrate akolhg~ the scribe |ine

BACKGROUND ART 15 A liquid crystal display device
includes a display panel with liquid crystal inserted
between a pair of glass SBE§FFE¥%§Oﬁonded to each
other. A glass substrate included in such a display

panel is nmanufac c ' a_not her gl ass
substrate into g%%%%%@t&é&tgﬁ% SPPARATUS AND i ned
20 size, and then bSUBSTRATE: CUTTINGS MEghOBt €S. Such a
di spl ay panel is also manufactured by bondi ng

| ar ge- scal e not her gl ass substrates to each other so
as to forma bonded not HEECHEGAL sEXEAD at e, and t hen

cutting each 25 nother glass substrate of the bonded

not her gl asg, substrate. into glass substrates with a
predeternin fefzasent; invenbion relatestondulst mite cutting

| i nwmamasmmﬂrbtréw@@ﬂtm A Repey

glag gﬁﬁh %g g 1$ 30 scr?gﬁﬂg%gy ﬁﬁéﬁ&ﬁstrate
gl as str hARe,17B8 QRgRl SRbEREALe ﬂF@rbreaking the
exaﬁﬂb@trﬂﬁeaaéengbthg stepbeslihBe |lines are forned -

2 MD026 in a specific order along lines L1-L4 to be

scribed along a vertical direction (i.e., at
direction along a short cBAGKGRPUND ART

A liquid erystal display device includes & display
panel with liquid crystal inserted between a palr of glass
substrates bonded to sach other. A glass substrate lncluded
in such a display panel is manufactured by cutting a mother
glass substrate into glass substrates with a predetermined
gize, and then bonding the glass zubstrates.

Such a display panel is also manufactured by bonding
large-scale mother glass substrates to each cther 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 sgize,

Figure 20 shows a plurality of lines to he scribed,
formed on a conventional mother glass substrate used in a
soriblng step.

A mother glass substrate 1 hes 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 MDO26
stress to the nother glass subskrate 1 along the

scribe lines. 10 By formng the breaking step after

perfprning th; scri_bi ng_step, the nother glass
substt & 8PecliigPrinrorieng 1inesthktles tin beTmoribed along

scridwent it£pdivectI6n TALRE!, HAPESEYERRABLE alshdrtéfside),
f or n@(@ﬂg&e, g’ﬁﬁieﬁi o_f SCri blr?.%nt he not her%fjl ass
subSPFLEa= - RFEIRG Aifef2ge FEmed dn, & seeelf Lt mudey along
tﬁmlénﬂﬂ(ﬂﬁjkﬁ twthbeﬁckﬂﬁﬁd“ﬁidﬁytfﬂhgfiﬁsﬁtag_whhheral)
t he I S_ sups te noupt ed a a scribing
means %l cj:'ﬁgng\‘:}ég' 'rgc%l%?%%'é%?? %\'F%‘?@ 2 &idsed Then,
hor Aot Rreakingt sémp,20hEhwoltheakighgsst epbboratbels broken
not [ erf.o appl,yi ng_a

e aBbageng b Uil s traal®EbOIHE hdh APRIY W Bhatrate

bendi ng nonen scribe "l Tne
ePLgPgsShe  fsEiRec1iness The details of the
scribing step and the breaking step will be described

bel ow. The ther glass sybstrate 1 is fixed on a
rotating tgglébﬁW#hﬁlFEFrQE%ﬁﬁﬁﬂiaﬁﬁ?Ea5ﬁ$PFZEﬁF§Prming the

di r serilbhngrorer80 thranptitsr ylast stb¥beste !l Raf Qi nto four

f OUELBEEL ipes in a specific order along lines
LI-L4 o ggeécggbed in a vertical direction.

Thereafter, the rotating table on which the nother

gl ass substrigd gk del |n
or  zont al i SR $Ag eb8 B Mothox gdase pubgtrate 1
degtBeSOTIRHATRYS i BEYeRRE scxlbinhgritmin ther sylacs substrate
or derbyleoBgriibitgy davie! PndLydesd i |
dir§3£i€n flterggtivel¥ it is p&%??%q%a&&%g’@&ﬁﬁ% which is
afted in a horilzontal 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
is performed by applying a bending moment along the scribe
lipne formed on the mother glass substrate 1.

The details of the scribing astep 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 soribed in a vertlical
direction. Thereafter, the rotating table on which the
mother glass substrate 1 1s mounted 1.8 rotated in a horizontal
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the scribe lines are forned respectively along the

lines 5 L5-L3 to be scribed in a lateral direction,

and then the rotating table on which the nother glass
substrate is mounted 1 is rotated with an angle of 90
degrees, and then scribe lines are forned MDO26
respectively along lines L1-L4 Bo-be scribed in a

vertical direction. In this way, the scribing step is

10 rformed.- In_general, a scribe line is fornmed by

r ot gq%ﬁ?é’tg%nn yilth: apnesple pEuPe degrees t Fourheeiribieplines
pr essrdfanted dn $epeateiefordPalshg I1aSS ﬂwbﬁﬁ 435 Sexribea
A Vthhcgitgféﬁk 15 q@%gndsaﬁron1a scribe T1ne aloqgﬂ@

t he ThicKhese o PRI AP of AEETRBERERLY 1t sis Possikle that
1. Abecpcribesddnbe hrmefozmedf peppdcetiviil¢ BRLRE the lines
gl agg.aukst Lat e her .glass .substrate 1i.s
ben?gtg%dg?opglgsi%ﬁégn% hériaF§§gisGE§FPgign1 gpd then the
appFetatdagdiahieonsiich the mathersglade sibserheeminounted

on @hgspbbeted! @Hbh SMPSIAH L gyiﬁggg'%te%:raglga%ﬁen gcribe

subgtrate 1 is broken along the
ext ERAPAGIHECTRe R respesitdve vratonnadisesilje B4 ho ienscribed

t hednsz velkitigadl @presibhal FNERIY bhed! eid %3431}‘}%%‘%%;; iz

to 25 of a side opposite to the si
whi ﬁﬁ?h%ﬁégfi be line of the nother glass substrate 1

is formed. In this way, the breaking step is
pref or med. ' t bregki ng step after .
per f or mi ng ﬁedo&g%ig)r ir%isﬁ!g} ee(é',q'“ﬁwgsn%PE@PngXSE"tan“Q a
subSPFheE wheal Ap iwkith fhher cuslest wheed tip pressedconto a
Pat gat£ilee &FS t o] ; 4, NDO26

2905+ hef ﬁg%s% E#ﬂ?ﬂ&ai’% nd*a B Gektical erack

disclgse that as a net fretriev

sub®¥FTeRes $rem asgribe line releng othe thipkiess diieection

andefntioptiether dibis P UiuPstAatd aps plate, the glass
plate is heated (breaking step) after a cut line

(scribe line) angled with respect
After the saribe lines are formed on the mother glass

substrate 1, the mother glass substrate 1 1s bent to deform
the mother glass substrate 1 to apply a bending moment along
the scribe line formed on the mother glasa substrate 1. The
mother glasg substrate 1 iz broken along the scribe line
by extending the vertical crack from the gcribe line in the
scribing step, so that the vertical erack reaches toc a surface
of a side opposite to the side on which the scribe line of
the mother glass substrate 1 igm formed. 1In this way, the
breaking step i1s preformed,

By performing the breaking step after performing the
seribing step, the mother glass substrate 1 is cut into four
substrates 1la.

Japanese Patent No. 2785908 (patent document 1)



5 to the thickness of the glass plate is fornmed to be

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

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

met hod) as shown in Figure 20, usually the nother MDO02Z6
gl ass substrate 1 is fixed on-a4psedeterm ned table.

A scribe line form ng neans such as a scribing cutter

is mnoved linearly with respect to the nother glass
subsiesleses that es & mesdhoshofhretubbeinFragleafs enbstrate
SCr Uble_al ERBPedb® AScipsiBdest q]gl‘léd}x%t}.lﬁ‘{ trt]iei%?r:;otaﬁedr an optical

direcgtion or .the_lateral direction o

he. |
gl aSEG P PhrR9iaseptatey the s lpmsplate 1athented (bresking
gl astepybattaire s surolAhed (seribbalede hhgdBa2pgks eEspect

90 h i pe || foymed al
ai r T PRE B MIERA B te i Pudteols s Roive a closed

- scr icysvednddner d sc2dber etiepys! y fornmed. The applicant
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devel oped a cutter wheel tip with a high capability
of formng a vertical crack along the thickness
direction f &R & sprilbing metkerd shemebstrabe Einds ¥mich cross

theeaﬁhheétﬂéﬂssafébsféﬁﬁ@ﬂdhﬁﬁ%gﬁeﬁﬁgﬁeiapg§§§§. aﬁastrate

Pat ent  No. 3274143. However , CrossS-scri bl
l's ZsFPBFﬁEBr Byngmethod) as ehakacinFigure &0 nsually the

posmpbhértyliddisubs talAHRPL s FY%aACEH a %Ee@.e%!’e%ﬁ?.ig?%egable .

poi pt _j e t her ass_substrate 1 which Is

D B bR b R A PRk ohuch ors b EeFLbing eULter Lo

\sA;pmﬁmeGi Yimeanhy wmmemwmkrﬁsmtpeaﬁwasé ﬁedbhstrate
i § t i equi val ent, to_the

Uhi Sine 1P 1x8a 6] BB TE. TR, kAR mcting 34880 are

sub¥eFaed alopgebhe ventigiaigdixection or the lateral direction

0D rRChh \ ' ' h t
%L{* ErILIne! PiSed it ke 10 the PHBTe diyRLts g mother
di r& ??%né)%ﬁ#%“?rﬁe@ ;uady 4iss rpgetedrwd thnanhangle of 90

secdegirelks £CITHNh dRiN®IIes 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 dizclosed in Japanese Patent

- No. 3074143, However, when the cross-gscriblng is performed
by such a cutter wheel tip, there ig a possiblliity that a
¢hipping may oceur at a ¢rossing point in the mother glass
substrate 1 which 1s formed by scribling in a first direction
and seribing a second direction.

A vertical crack 1s elready formed, which reaches
4 depth approximately egquivalent to the thickness of the



10

15

20

25

-390

5 glass substrate 1 sinks. Therefore, such a chipping
occurs when cutter wheel tip noves onto the gl ass
substrate along the scribe line in the first

direction at the crossing point of the scribe |ines

inthe first direction and the second direction. 10 mppag
In a method for cutting the notker gl ass substrate |
placing it on a table of a breaking apparatus for
perfornlngﬂlthe breaking step while the front and back

sur fPl@Ee the mediesr gdlasss ssbstradee 1l whea meweribdng is

by @Sx@%‘i‘rﬂ&ﬁa YREFacal a&% tfa;dﬁ bygﬂﬂg' WHA &JJQHE'LQS wheel

nmo t alo he scribe Iine pi nge

easity bed eae@%t%mﬁbﬁglm M\nth%ﬁiﬁ:h@ direction while
su bwea*@ﬁibfﬂﬁ HaeH HF Rrmet 161136 £886n4 MR HARNE he mothex
doc % % ela HE%hOd where a cut [1ne (rfcrl

| | ng]'%gﬁg?gas Rotfict EAPERnesTREReERYe i SYCh 2P GNRIaE occuxs
t obarhglnasutpbat eheelfmT:Bﬁ,vesﬁBﬂtbh'EEetétﬂaéﬁ %&a&:sftrate along
su i i r e retrieved from
thest%kggs‘griﬁat]‘eqq’ egiéptgc g?rgi: %5 ﬁw h’ﬁd"‘rc}ﬁr@ point
suckfashg spribeal lines bimgthonthidorst Sivegtlord emd fthensecond
25 aiedlthione (scribe line) angled with respect to the

thi ckness direction of the glass substrate. Since the
cutting face of the glass plate having a circul ar

Zﬂgpe as a Phoﬂ:ﬁdtw goieﬁggﬁr g%l?éznooql%ze g‘l%ss substrate
cut ?%ﬁ'ga%ig 112532 of ¢ ERA9HNG eBPRFaNSIOR Derfierning
sErthacbr@akihg ot &5 whallles that s:bawamaoaax ‘Eﬂﬁaces of the
s ention is mad

or o e SR BRbatYED o £ha s3yRZeRa e difening Svertica
pre§§ﬁ9k| hyepppdving a BenMﬁﬁGmomenpra!oﬂg the scribe line
subgg cut
met h gﬁ%gpg%};éﬂ’%?n eaﬁ@%&%gg |%§°§¥s&%°s?:r f’gmgf’%ﬁﬁg motion
scr?ge P?nE“QStFESFsehlpplngs do not occur in the
substrate

Furthermore, as disclosed in the patent document i,
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 soribe line forming
means such as a special scribing cutter is required to form
a cut line {scribe line) angled with respect fo the thickness
direction of the glass substrate. Since the cutting face
of the glass plate having a circular shape as a product cut
from the glass plate is angled, a grinding step is required
so that the cutting face becomes an end surface vertical
to the surface of the glasy substrate having a circular shape.

The present invention 1s made in view of the problems
mentioned above, The objeative of the present invention is -
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due to conpeting notion of the substrates, and cutting

the S substrate so that the end surface of the

substrate beconmes vertical to the surface of the
substrate. DI SCLOSURE OF THE | NVENTI ON 10 A substrate
cutting apparatus of the present invention includes amppag
scribe Iine formng neans for-fgraing a scribe line

on a substrate, and a breaki ng nmeans for breaking the
substrate along the scribe |ine, wherein the breaking

mearf® RRIVES ansahs trort s guditiing appeatdasf andda substrate
havidigr i nkpmbeABAr SHPH1SL & Bief é&é.ﬁ% lq:%gﬁmgﬁ%ﬁagg along

ate onto the scri

of the supst
sub$t FSFEgE e B8 that reirrdrgefp ackoesunincthe gubstrate
ext ek g Eompetiheg st ben |d:ﬂ*Qh§”suEE€r£@Ei§W@:§§ cutting the

dir ] the. supstrate. 20 The scribe |ine

o inetals BACHREEAAS g Rurare 6F CheFubatmageibecomes
| i n&reavlidadn ta tbhef isnstfaden@fpdhis eubadattke second

i ne portion crossing each other and each being a

straight line, a curved line or a conbination thereof,

and the scribe | iMWESYERPTIRE OB IFHE { INVENTIOGN f i r st

line portion 25 and the second line portion while the
scribe line_formn means i s spaced fromthe

substrate. #heoWRFtrRte | Ruttdndidepparatnst ¢f ndhe present

por inveniidn fncEGass d iseeibel 11AR £&ARLAS Wdadd BOr forming
porg%%qadlihg s_eco\rlwlg EO gl ne portion crossing each
ot hér and each- BEHIUIA LY R gfnd 3 PReeking means fombreaking
or &heombbatrate sheugofhe ant-ite Jﬁﬁfel'd,bﬁrllldrbﬂﬁ Eg&ni)fgaking
nea r [ ipe portion and. t econ
T nsahs Fct ek ifne £k MR Y pented feRta having =
bei figpPespiure snEfictemt threcaubst ezxpans MR 2FE The substrate
scr bheold j LV jhe portio

ol e sk bR 1 d) ‘fb%gg %* ‘E?nﬁe&?béffaif? 89 ?)%:]:lol further

snoot Iﬁdconnect ed to an en ITS

and®*¥ ERAeAVRF iRl SEatil extending ifen theesendbefline in
t hether 8hickness 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 £irst line portion
and the secand line portion while the scribe lipe forming
means is spaced from the substrate.

The seribe line includes a first lina portion and
a second line portion, the first line portion and the second
line portion crossing each other and each being a strxaight
line, a curved line or a combination thereof, and the scribe
line formingmeans forms the first line portion and the gsecond
line portion wilthout the scribe line forming means being



10

15

20

25

30

line portion is connected to the end of the second

line portion, the curved line portion is forned al ong

a boundary line defining a predeterm ned region on

the substrate, at least a portion of the boundary

line is a curved line and the at 10 | east a portion of Mpo2s
the boundary line is snoothly-cpnaected to another

portion of the boundary line, and the scribe line

form ng neans forns the first line portion, the curved

| i nEPASHG [SypYafromh &hee eothd Ydate .portion. 15 The

scribe line further includes a third line portion, a

first curved line portion_and a second curved |ine
portion, tH&eaFEbeiine furtherincludesasrvediine portion

por Esimwﬂdr' bbnnﬁbi;éd td:ianeteﬁmr bﬁgﬁnfr@fﬁéﬁmm@ portion and
another ch _bein strai ine, a curve
IinénhFﬂﬁﬁg%ﬁgﬁﬁaffgﬁnghgégﬁfP°gﬁ&°PPrthFiﬁEdZBf the first
porQimﬁpQﬂt#mmimndrhéateﬂ@ﬂﬁhﬁbﬂ@dfﬁh&%ﬁ&i?ﬂliﬂ@portion,
por t pprtion o thir egi gn
hav:;trl;‘%n & l%g{éﬁ;g'r%e pgtﬁ'gépie&onf% h*e°§'ﬁ%‘it?a%?‘é9 %n{’gﬁﬂaﬁfy line
t he Ietdgdng pcbFrietermined amglaot od the autettcatie { ke least
seC@Nfokk18nPSE 1410 b oA d ; Qf tﬂﬁﬁ? I

por igg IS gonne{c}twég to zﬁ%&i%f i%Sat e ﬁf?" ?r?el?l% the at

por tP8AL ERPFTIen of thedbrrndapyriing 48 smeothlyedonnected
| i n&opmud iies: wairtonSos MY Bbiin8aRYELiny, bal fie ¥ ve 11ne
of the tirst éﬁnﬁ%porttgnd%pd t i end of . the second

|iné" portion, 1 5 EPe iRt 44insePporiren the cyrved line
al opgriiohi esd bbendacynBi Aendebopithgna first regi on

on the substrate, 30 at |least a portion of the first

boundary line is a curved |ine and the at | east
portion of Thesrridbe aekimrthdr inclides amdiird/line portion,

congemiyast E0rpRQtNGe B‘gff.iaﬂ ala HbgergdnraséuP@&E ‘1%3@ portion,

Iing t he second curve I ne por I'S a CUrveé
por tPS sine pprifenonthe seasmdlyne porddosdand theethird

ot hetnangbiiders850Ag ond ARoRARL %@Qgghhﬁeﬂ@ a%%traight

t he ird Line ion, the second curved |1ne

por HHiR- ok EFpBdl i< R & atiinn tombhezesFndhe £1rst line
portion, the second line portion and the third line portion
define at least aportion of a third region having a polygonal
shape on thes 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 1is
a curved line poxtion which 15 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 &
first boundary line defining a first reglon on the substrate,
a8t least a portlon of the first boundary line is a curved
line and the at least portion of the first boundary line
issmouthlyconnectadtoanotherportionofthefirstboundary
line, the second curved line portion is a curved line portion
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defining a second region on the substrate, at |east

portion 5 of the second boundary line is a curved line

and the at least a portion of the second boundary

line is snoothly connected to another portion of the
second boundary line, the first region, the second MDO02§E
region and the third region ategdifferent regions

whi ch do not overlap one another, and the scribe 10

line form ng nmeans forms the first Iine portion, the

fi ré‘lhicéhﬁ-ﬁeﬁm'?'hlélmﬁ@ﬁwtmhétoséb.endtheneamrdf dhe second

t he l&@@ﬁkﬁ&t.ﬁbﬁ ‘éﬁ@. 'lj:}ié‘ QnE‘Hit £R0 t@ﬁ%qt f:(f?ié B'DE@ ell'.ha second

portion. ggnscrl line further 1nc

por (14724 1808 POEFien |1 Fosdied shong msq,qomdmmdary line

| i naqfdmmgna ﬁdﬁfﬂ)&égﬂhhvﬁii tHdgub8tthen, s l%ateﬁﬂ f8rtion

cur\é%dt+ ‘##Bﬂhdt he th{#rits cur\é‘er gortl on, L £1 .

second TTnHe B2RE 1S &451% RETVE r:{-:‘-’b?la&ﬁd lﬂﬂ@ eas

f ourt horthen mfr thenseu:mmbtguma&yamﬁxhbeis shivd 193N connected

bei R anshhal ved i onhi nat i

20 thergo% t%g&ﬁ:#.é‘ﬁ ?lgn{e‘ijeg ortigH; %t d%gg ol n@ﬁe first

por ERGAON .t Hie ERicond remion mdothartdhiu:ﬂerégimn laded Agfferent

por regh odlef WAChiabl bk b9E-2RRNBKLT tapgy!

shaﬁi on_t he, substrate an eng ¥E EnQFﬁggf P?#egﬁe scribe

por L-BR FTRIRGMeans fomme the Sirst nkinepontidmethe first

por tuewedabfhbepoetonl the §Ségﬂ§ Line ﬁt?fii@ﬁ‘ Z'Ehhssecond

con an_an ir i ne_portion

endgggbgg E?ﬂFrB°Fgﬁ8npﬁFalaﬂ |§héﬁﬂnl$P§dPPﬁféﬂnend

of the fourth line portlon anot her end of the fourth

line porti anpt h end e first

line porti 8@1 F%riﬁ?l rg.‘t'a curr\% :gu il dgl.:@eportion,

cur@ qleﬂ'blE)BPtFthWncla BOrss caimmdwh.ynecy&mcﬁd @wosecond

L hecapdoal 1106 pbiioh! 85PQ" oty g of

sec dline I on, ° |$s%$%€?v +|néﬁ%%r??fﬁﬁb%‘ the

for Hsﬁl‘ﬂﬂp PPYEdpn bdihﬁjapyonﬂrﬂeirweppnrcmgn e thiird line

regpontbmtﬂeds-ttg%tfré\iﬁth Ziiﬁéaé%ﬁcg&gf#%e‘s% t{kﬁe al?other

| oax d gaﬁbrsq %}P at:?/adl.ghr]t line, a curved line or a combination
thereof, the first line portion, the second line portien,
the third line portion and the fourth line portion define
a £1fth region having a rectangular shape on the substrate,
an end of the first line portion is connected to an end of
thesecondlineportion,anotherendoftheseccndlineportion
1s 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 c¢urved line portion is a curved line portion which
15 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 reglion on the substrate, at least a portion of the
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of the first boundary line is snmoothly connected to

another portion of the first boundary line, the

second curved line portion is a curved line portion

which is snmoothly connected 5 to the other end of the
second line portion and the end of the third line MDOZ&
portion, the second curved |inegportion is forned

al ong a second boundary line defining a second region

on the substrate, at |east portion of the second

boudd&sF beyndary lineuks/adurived hink ahd tite A+dshst a portion

por tdfoahefﬂtm $eaaaE »401 Pou &%agkﬁahltﬂig' éa%i%gﬁg%ytro another

connect to_anot her portion of

| i n@O%E “t RErthe FiRsE bovadgsm Ldnei sthe sagarat cuzved ine
por thioart Lol Th a 5u5ﬁa@t1m:1\e BORPEGH Shilch 18 %mdﬁmﬁ 8B8nected

of %he bh|rﬁhllne éi %EUand t he_and of the

i n&°p5Pe Freupeeant tinpperbirn sﬁff%rt#@d end of
aIoﬁgelshardhliﬂebpurmﬁmy,Iﬂnuéstﬁdﬂnlamr&eﬁhﬂ&%ergngﬂon ig
o SEERRIESR) 5 ey d RPN LS repton
por PRokhefsuhtrated &bwmisly dantdon ofsthet begond boundary
C 0 naeakork hoRdd i&naoﬁﬁ gﬂeoit %%sttht': %%rbc o d?%% second

ﬁ the first region, secon
r eg BHHQEanﬁiFﬁeiﬁ ﬁ’!?P'lFlﬂgd' mmm& ftor enptheyi pastion of

gﬂotﬁe Sedord ﬁ%nb%&%fgéﬁ%o?%hﬁcfﬂﬁd ;Ei?#%a?.{’ ng.‘l‘?% portion is
fire S{‘tﬁ%‘g %i?f’ GROTTLEN [ YRLEh obF BHOPT LY Perueahed to the
t heomaenrﬂhd pfetipothiled, 1ike p2eeads Shd Mk éh&%f the fourth
por g pdl el ARSI a4e SR C U0 L o
| i n@ thdrdibeyindsaysline definibg ackiisl re fbyh bg 'ﬂaémrate

of Ftdiskst @%&ﬂ%g%f%% ! 9'21 b2 ugﬁagﬁdéiﬁgpi@ a curved

a surface of th trate1s orne
0 tirRufinet Ehecal keart aoporhdoncof Hikey thircboundary line

fglﬂﬁthb!ﬁﬁyﬁkﬁﬁ%#ﬁﬁﬁﬁﬁa&h&Ehér%@?ﬁ@ﬁ?6&9ﬁgtmffaboundary
.'[:Prrxge q:hoenfgl.rst rggfone %e éecond region, the third region
and the £ifth ragion are different regions onh the substrate
whichdonotcrosaoverlqponeanother,thescribelineforming
means forms the £irst line portion, the first curved line
portion, the second line portion, the gsecond curved line

portion,thethirdlineportion,thethirdcurVleineportion
and the fourth line portion.

The seribe line forming means 1s a scribe cutter
having a shape of a disc, and a blade edge which rolls and
contacts a surface of the substrate is formed on an external

- clrcumference surface of the gcribing cutter.

Apluralityofprotruaionswithapredeterminedpitch
is formed on the blade edge.
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The substrate cutting apparatus further includes a

heating nmeans for heating the scribe line. 5 A

pressure applied to the substrate by the scribe |ine
form ng neans when form ng the curved portion is |ower

than a pressure applied to the substrate by the scribempgze
line formng nmeans when formng at | east one of the

first line portion and the second |line portion. 10

The substrate cutting apparatus further includes a

rotating driving nmeans for rotating the scribe line

forming neans aGeYedadsV I rgf
cut :heﬁg: net hod i nc udgs a"ﬁis’%:‘ﬂrlﬁ?El faai'atg:%rﬁu?]t‘ﬁ’é}: iq“ﬁfudes a

f or SSAF 5% hertdng fher soxibanding. break| ng

step of break| ng the substrate along the scribe Iine,

wherein the b g.SLe des a ste of spra
a heated fl Ui égﬁaw ng E‘Hﬁ‘g g‘? LELCEE t’(fl?o'y':l"‘3 scribe
cauddnzofexpingimearnd whba Schnimgtmwﬂuevbﬂepﬁﬁti&e 1s lower

|'i nQnfe@r Hﬁ?rﬁhlf(f@%y? g&r oG o ttg:gl;ti%géhe{lh%xqtq;:. e line

avertlca crac from
t he PWF“&R‘HeE@a&FrEbFPoﬁOIMRQ‘mt shegsstr aine oF5 theefirst line

scr pbetiioh® ahC thde Se@bnki®d3hepbikibn! i e portion
and a second |ine portion, the PPrsi °fine portion and

the second |ine portion crossing each other and each
being a St'l‘heghlbdltmla @mzltri‘ﬁ@dabbﬂﬁaﬁﬁsEfmf‘ih'cgﬂdes a

t he e b|n e form step is
by E8iheihftardy s Per eRihe B8 #orfie 1dne forming

sub@FFaﬁearam}dt b,evsrtu.ball aggsform ng step includes

the steps of: forming the first Iine portion, and

form ng the second |ine portion while the neans being
spaced fronftfitbgtxtte Auttinemethod inctludeseapssride line

IS foidingOst®F o EAning a scribe line on a substrate, and
& breaking step of breaking the substrate along the scribe
line, wherein the breaking step includes a step of spraying
2 heated fluid having a temperature sufficient to cause
expansion of the substrate onte the scribe line formed on
the substrate so 2s to further extend a vertical crack

extending £from the scribe line in the thickness direction
of the substrate.

The scrilbe line includes at least a first line portion
;tnd d 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 lncludes the steps of; forming the first line portion,
and forming the second line portion while the meang being
spaced from the substrate after the first line portion is
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The scribe line includes a first line portion and a
second line portion, the first [ine portion and the
second 5 line portion crossing each other and each
being a straight |ine, a curved I[ine or a conbination
thereof, the scribing line formng step is perfornmed ypgzg
by neans for formng the scribail i ne on the
substrate, the scribe line form ng step includes the
steps of. formng the first line portion, and form ng
10 #9¢™&eond |ine portion without the means being
spaced from the substrate after the first |ine
portion is E rmed. . The_scribe line further includes a
curved line Bﬁr grEibesibee Hincludrr @ &dnat ddnecpdrtion and
t he af s€sénd ivImePpbtt06n Artthel B128tENh Obo2290R0akd e second
por&&gg, ghgianqcof t{ﬁaflrié Ibge Rortlon 'S
connecteB F 6~ PRI Y ARe ot bnF phdeearh Msdng a; fbraight
cur ‘aae|,i accymved dilnies ofroa neshizd wagien kieydds, kheescribing
def h B ' I on, on the substrate, at
| cagtneF AmplRi b £ Tolind G DO Mants S50 2okhutl fhegortve
andline oft the suketrateothescnibe Ad nectmdatyg lste iscludes
snoehbl ¥t t t ndar

6981GE! Sfbri th @M #1304 13he! BEROUAC ohia forming

Iinﬁ*lthescribellne ormn stepin e
f or PAFTFRY e PPRELpR Wiidput themagne theing wpdced £rom

| i nehpostibenrand aetsingnéheigeeondnbi PortPORt LONFoRRed.
The scribe line further includes a third |1 ne portion,

a first curved line portion and a second curved line
portion, t'!hbeQbripeuﬂnle.mﬂﬁdﬂu.néi\@déﬁﬁmdeidrﬂnepo:tion
por of ti crpossing ,one

ot heReRLy did NS o' afd O o Png £t Laheporaton ana
| i ndlopngd edrdeeend ohindcpantion hetlie rendlofethe £irst line
porgbLhiod ' [ third.line

porii on Od[e% %gﬁgtg eIt(kebgg\t? ° zjll.t'q][o&ore ?‘ ?’oﬁE%ﬁJ}a%ﬁ#Pgd }&fpfertion,
havPRg SURBeYgohar PeRipenods: Formedsalong sarbamiiafy line

thedéfining i predeteemined’reyP08%n the substrate, at least
& portion of the boundary line is a cuzrved line and the at
least a portion of the boundary line is smoothly connected
to ancther end of the boundary line, the scribe line forming
step includes steps of: forming the first line portion,

forming the curved lina portien and forming the second line
portion,

25

30

Theacribelinefurtherincludesathirdlineportion,
& flrst curved line portion and a second curved line portion,
the £irst line portion, the second line portion and the third
line porticri cE6E51ng one another, and each being a stralght
line, a curved line or a combination thereof, the first line
Portion, the second line portion and the third line poxtion
define at least a portion of a third region having a polygonal
shape on the substrate, an end of the first line portion
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I's connected to an end of the second |ine portion,

another end of the second line portion is connected

to an end of the third line portion, the first curved

line portionis a curved l[ine portion which is

snoot hly connected to the 5 end of the first |ine MD026
portion and the end of the secqmad.line portion, the

first curved line portion is fornmed along a first

boundary |ine defining a first region on the

subdtf gPanecied tasan gnsoofi sheosectnd fiims poatddar,yenother

li n@nd oF aWeV8dachiaN®iaRd pble 13k 'i%aébnﬂeg%%zi gB 8 end of
hly connected to

the fir bundary line 107i s snpot

anoﬁ“ﬁ?qéﬂﬂ%baqPﬁepPFF. By o tHga £ rsti gervedeldneongrtion is
cur wecurived fdhei pprition ehiwadibi BRCBeALYOBonWELERAl $o the
srm%tnlg Xf%g{]en%gt e% % nanot r end oéht he second I|ine )
portion and an e T HRER apdnthe, snd gf the@econd line
Eecggati@myvébelEﬁespopurvadiiihegpeﬁtabﬁnQsafseﬁe&dalong a

ou regi on on_the

ouber o Py Stk Ml RPEIC e Hort A by trate.,
| i n&% degsgupvertior efdtheiEinst dantndaxrypdinieod=0h curved

t he 13a@08HAbERW i i d
anothermsﬁgﬁionqg¥mfkgﬁggcgﬁggggﬁﬂ%%ﬂﬁﬁ?ﬁﬁg%%tﬁghﬁgng line

r egign® E P e dioapnethest ﬂﬂ%d‘é’f ddicofixss boundary
?ih f 1¢nepgtlﬂ?geeghdmwﬂ&m:tl.ﬂ@ :{&Htli@gﬁlh %tocﬁf"@e 1Qnhortion
e rmng.s i ncl udes steps_o

forﬁ?%ghtgg %ﬁng£$¥nﬁogﬁ?FEgﬁ,t“f%?ﬁ*hﬁrtﬂ%df?fsﬁhe second

;:ur &_éuelnc;]letdpm ahdmn énﬂaﬁmghmm Qafle %&ﬁfﬁimg thasecond
or portion an or m.n

tneo PR el FiAe A A VR0 e biBaLRI S Rfson PRuRdacy 1ine

i ncflg§izing@hsegond regdon onrthe subatrate | iatel@ost aopertion

a fbestn Iy m’.}}i e rved. li,ne

portion iﬁgﬁgﬂ?h%% cur vé'g'ﬂle'i %se%p%‘rg‘??%%?%%eegn?]i ﬂﬁ at least

| i nB BRFtIBh oL e second briadpsit 1bee iishemphithdyl Gomnected
30 peranothen hdeld Wi RHd BecRak! b_@ﬁnﬁé%siﬂﬂe‘,mﬁhe first
I ne

or Eo85anT The SRCoRT slgen £RE the ShAFA Ragiem PR, difierent

secorgiltnmesipbeit idn not overlap one another, the scribe line
formingstepincludesstepsof:formingthefirstlineportion,
forming the first curved line portion, forming the second
line portion, forming the second curved line Portion and
formlng the third line portion.

Theacribelinefurther1ncludesathirdlinaportion,

a fourth line portion, a £irst curved line portion, a second
curved line portion and a thizd curved line portion, the

first line portion, the second line portion, the third line

portion and the fourth line portion crossing one ancother

and each being a stralght line, a curved line or a combination

~thereof, the first line portion, the second line portion,
the third line portion and the fourth line portion define
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the third |ine portion and the fourth |ine portion

define - 13 WMD026 a fifth region having a rectangul ar
shape on the substrate, an end of the first |ine

portion is connected to an and of the second line

portion, another end of the second Iine portion is MDQ26
connected to an end of the thing kine portion, another

5 end of the third line portion is connected to an end

of the fourth line portion, another end of the fourth

| i n@ HEFEh egion hevhRgta Fect anguilay shape it the substrate,

|i N@nPehdi & tH & 1 rlshtr i&n@uﬁc‘ifﬁlibhnf? RYd Ut d a:% an end of
th to

curyved line portion whi 'S SnDo connect e
th #h

t he ﬁ&e&Pﬂlﬂﬁe“me#%%eapthemnﬁm e epeondd-dgte portion
t heiseconnebt 88 wratn cum tdie thie ghiedr uﬂe pbP€ion, ancther

f t b d def
Bt Bh8iof it han hEng Bart A 15 EonASLEed o SHAPE the
It hefoﬁrthtlmmmy.ohu nanosharcanfd/gd’ th?ffcﬁmil't hénatportion
ea ar 1N
3k ?nﬁ?ééfé’@ too toti:%et.l:' ﬁéh %:gu%ﬁ i{lﬁep?FFé?n: the

nmoot h connect ed anot
bouﬁélﬁﬁ Fvﬁeedthbneenen’dimrwedalameveqbolim@mmst:hon which

cur yg0smhédien fédmd‘!“dé tEo' $ha"Bpd Ny t%%“?ggs%dldiﬁg portion

ot her _.end of the_second |ine £ort| on an
t he@PEhFPE PRACHOFRE oFecond LiRe BoEtioRd theeflrst curved

por lina pcs.-tfmme féthﬁ)@@ aaaﬁ@:anﬁlimmmadﬁwhne defining
def second re e substrate, e

st
a po | on (ﬁeEF-,?é" ?é‘c 8 5‘6%?\%5?{]' , I?%é"qat?taacHPFEdog of the
| i nélust bohadary kirsd 1a spoutved ldhetdrel sRe@least a portion

b h

of O e EA B SoniBity A RTSE L R A ' SHother

porPPEﬁiﬁ’% of; ther Fégsiti houndarychin dibel sesomdt bbyved line
gﬁﬁzﬁ'ﬁf@n Y i“?ﬁ{:l%%rd gnﬁné%ﬂ:ficﬂqﬁhigh r:I% hi‘ng?tﬂggtéoq{hected

end of the fourth I'lne port

cur'F/‘écPVf‘?’Fe ok PifoﬁhPsﬂ?%‘P‘hédUdl% rI{f'Ié:iql'h iand bbenendyof the

|| nehited ilinedpsrt Dbk f thR0EE8oRE duied PEhé HctidH 15 formed
|rd oundary line IS a curveg

I f.th
| rtof A Fedha mndar R 1R3Ng thiseFasliirgion on

| i nehe ssubstrate, at J.eaat & portion of the second houndary
1line 18 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 poxtion is
a curved line portion which i3 smoothly connected to another
end of the third line portion and an end of the fourth line
portion, the third cuzved 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 poxtion of the third boundaxy line is
smoothly connected to another portion of the third boundary
dine, the first region, the second reglen, 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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30 snoothly connected to another portion of the third
boundary 1line, the first region, the second region,

the third region and the fifth region are different

regi ons on the substrate which do not overlap with

one another, the scribe line formng - 14 MD026 step MD026
i ncl udes steps of: formng thelfti st |ine portion,

formng the first curved line portion, formng the

second I|ne portion, form ng the second curved |ine

por Bit8R, 1PsAdes ahepa MFd fezminmrihentifet niimethertion,

t hi Edrﬁtuh&eﬁhél ﬂf:.—a@réxhﬁﬂad SR o‘}ft']?ofiﬁog%?mﬁﬂﬁr LHe secona

lin ortl gstrate cuttin
| noRIBBPAF T atn hegeqand ?%@V%éwerm;étiqmeforming
éo SﬁﬂﬁhiiﬁﬂihaﬂdaiﬂaﬁWEEiﬁEWQWﬂeiéiﬁ?bﬁr$é?ﬁdneportion
ia ruct ur strate cuttin
appgpgrﬁégﬁghaggggr%Pﬁﬁ%ﬁoiaﬂﬁ Bﬂﬁgg?ﬂent of the °

present |nvent|on 15 Figure 2A Is a front view of a

bi h '

o111 00 ol Subg BLUCCodPyl s HEBRAS ANy friudes o
cutP@FtEBHdEFEE7°f hepgtidng3thessaribdelinew of a

cutter holder 27. Figure 4Ais a front view of a
scribing cutter 21 ., 25 Fiqure 4B is a side view of a

scribing cutt ePRELF B AEONs OF ) TER BRYWINGSew of a

part ("A" part) CI the Scribing cutter 21 shown in

Fi gure 4B. Is a V|e scribin

head 65, Firer e tadegte shoniadors b vtuss o scrdbetrate

scrcuthQBQSaphamdtﬁs.loo according to one embodiment of the
present l1nvention,

Figure 2A i1s a front view of a scribing head 20.
Figure 2B is a bottom view of a scribing head 20.
Figure 3A 1s a cutaway view of a cutter holder 27.
Flgure 3B 1s a side view of a cutter holder 27.

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

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

Figur; 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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MDO26 Figure 6 is a front view of a scribing head 66

of another exanple of a scribing head using a servo

notor. 5 Figure 7 is a diagram showing a vertica

crack extending nmeans included in a scribing head

20'. Figure 8 is a diagram show ng anot her exanple of Mpgzé
the 10 vertical crack extendi mg neans. Figure 9 is a

fl omchart showi ng a procedure for cutting the

substrate according to one enbodi nent of the present

i nvBARA0AS.15 Figure 10 is a di agram Showi ng an

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

substrate U%id in the scribing step according to one
enbodi ment HFIERE Bri%ehifrond Fewef aosrribileglheadses of

a deagthersegunpledo¥eat béﬂibiﬁ%?hehhaﬁsiﬁﬁcﬂr S8 métor.
scribe line is formed by a scribing cutter  21. 25
Figure 11%$ is a diagram showi ng a vertical crack and

a horizont aFigumek 7t Hat @cdlagnémnshowdhghd Ve¥EdRal crack
for LRi ryb5l1. Fi 12 is.a
o noreending, AERhE MoPHALET 4R Fofihfndmesatag:.

scribed set on a nother glass substrate used in the

scribing step j j t

present, | gve%?f%%fﬁ% el 8g R0 ML B Rbr dfample of the

di agPRFFEROWREYexbpREHRY meaMDl e of |ines to be

scribed set on a nother glass substrate used in the

scri bi ng stﬁg)accogdLng t% one_enbodi nent of the

pr esent gure iz~ a flowchart showing a procedure for
cutting the substrate according to one embodiment of the

present lnventien.

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 1s a diagram showing a vertical crack that
occurs when a scribe line iz formed by a scribing cutter
21,

Figure 11B is a diagram showing & vertical crack and
a horizontal crack that ocour when a scribe line iz formed
by a scribing cutter 51,

Figure 12 is a dlagram showing another example of
lines to be scribed set on a mother glass substrate used

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

anot her exanple of lines to be scribed set on a

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

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

of the present invention. 15 Figure 16 is a diagram

showi ng ni nBlgabs tkhdesaidlegrammbewing yied anobher example

gl ags Bixhsd @y Ee]sc:.":ilgé’cf @ ek’ ohSa dntdl %‘Tg%?o%ﬂgti‘ﬁ{:e used

anot her exanp ines to be scri or ne

not ABERS) Ba%%ibs#%ﬁ%n gcgordipgLonns onbedinent of the present
accohdengiba.one enbodi nent of the present invention.
Figure 18 is a diagram show ng yet another exanple 25

of lines to be scribed formed on a nother gl ass

subst rate Eigurhaasd.ui i dpa gt ap sﬁﬁﬁﬂfﬂij pett an6fRer example

f
d| a:g; a%o%m ngga Bart és‘fget' §\J§€:”'#°Cﬁq%° lé%%t %&ﬁ!ﬁérgte used

appah dhesardidisios fp aacerding fre dymnerabiodimsnt af¢he present

f or iRGeR¥1bpndi Ng two substrates. Figure 20 is a
di agram show ng lines to be scribed - 17 MD026 set on
a conventional nother glass substrate used in the

scri bi ng stepguddEIE VoOEk d1drRBHNMNEng Y et nother example

Ihh@%ﬂiines to be scribed sef on a mother glass substrate used
in the scribing step according to one embodiment of the present
invention.

Figure 16 1s a diagram showing nine substrates 1la
arranged on the mother glass substrate 1.

Filgure 17 1s a diagzam showlng yet another example
of lines to be scxibed formed on a mother glass substrate
1l in the scribing astep according to one embodiment of the
present invention.

Figure 18 is a dlagram showlng yet another example
of lines to be soribed formed on a mather glass substrate
1 in the scribing step eccording to one embodiment of the
Present invention.

Figure 19 1= a diagram showing a part of a subgtrate
cutting apparatus capable of cutting the bonded substrate
formed by bonding two substrates,

Figure 20 is a diagram showing lines to be scribed
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Herei nafter, enbodi nents of the present invention

will be described -in detail with reference to the

drawi ngs. |. Substrate cutting apparatus 10 Figure |

shows the structure of a substrate cutting apparatus

100 according to one enbodi nent of the present MDO26
invention. is The substrate eutltzirg apparatus 100

includes a table 31, a guide rail 32, a guide rai

33, aslider 34, a slider 35, a guide bar 36 and a

| i n&EAT @B & CORVERGINAL Bathest glasggsubetTate used in the
substcrdibadnguisttiey apparatus 100 cuts a nother gl ass
substrate | in order to manufacture a gl ass substrate

for a liquid crystal display device. The nother gl ass
substrate 1BESTpMADBIFOR CARRYANGeoBD OfiE TRezgvroR

rail 32 and the guide rail 33 are provided in

Parall el on both sides of the table 31. 30 The slider

34 is provi HegednatherguemeoddmenBe b thishprebBAt invention
sliganidgei i é¥§? uj ' . .ihe

slider 35 i%sr?rfg\%egnon t e"E %t%ekgg?%géées?@o" _tgf8dra.wings.
MDO26 that the slider 35 is slidable along the guide

rail 33. Thg,|SuBatraBhotudéihgChppesapustator and a

nover. The stator is arranged along the guide rai

32. The nover 5 noves along the stator. The |inear

notor 37 sl|Figeré Neshbwdethe Jtrifotiiredot & R8sHRYEE cutting

| i ' The |i 38 | ud
SRR S0 Bhlodiind o A Gad et AL LA Sensen
t hel@¥WieBtieni | 33. The nover 10 noves al ong the

stator. The linear notor 38 slides the slider 35

nounted to the npver along the guide rail 33.
The substrate cutting apparatus 100 in¢ludes a table

31, a guide rail 32, a guide rail 33, a glider 34, a =lider

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 & glass substrate
for a liquid crystal display device.

The mother glass substrate 1 is Placed on the table
Blt

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

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

The slider 35 is provided on the guide rail 33 so



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

. 20 is slidable along the guide bar 36. The details MD026

of the structure of the scribing head 20 20 will be
described later. The substrate cutting apparatus 100

furt eriﬁﬁg udes a control section. The contro
sect*iltﬁi':' Fffddier 35 ke sddidphles nlongs dbengudde aeil 33.

42, a slider sensor 43, controller 25 44, a scribing
i.rd_drjver 47. The

head dri vi ng,no 45 an t
controll er %EecggPFﬁFsm? %rfq'i]é,'i“"d'r"ld\?@r as9taton and a mover.
secHie @tiator 42 zrmhnded tdliond dhievguidé. r201 e, | iths! mover

5 dr ' \ﬁ@t'vheél%%ér&q Eﬁegﬁﬁgggﬁfxﬁﬁ%reﬁ%}ﬁé{]%ggc ! ncteha slider
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dr| v nopnged, o ttw@ movesr atongr the guidecaadanae,

with the control by the controller 44. - 19 MD026

The slider ignsor 43 is provided in a neighborhood of

the gui de raPP Bbnegrdanaion S8 dagdydessagetakos andk a mover,

pos iMhieoatatothes Sd:t:ﬁtﬁ{géﬂr dd@ln@ thbl g88a8NrH Puifle r1'f’1'e| (mover
the detected posit

{ ta 1n tin
Vo MedeS B Re BTy FRG iR eqmmstion9s alidles theslider
scr 35 mguhsad &plthagmonatouléﬁglmhacgeudanggimngh_the
control by the controller 10 44. The scribing head
driving motor 45 is provided on the slider 34. The
scri bi ng hefle Fuidenamoibisibordzantally trldgst bewween an

46. uFPe=Seid ik A0 e20n SN SaPLAG A YopbRa? B or tion

the In accordance wt

heofathe aligamsas.

The scrlbing head 20 is mounted to the guide bar 36
So that the scribing head 20 1s slidable along the gulde
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 ineludezs a First
driver 41, a second driver 42, a sllider sengor 43, controller
44, a scribing head driving motor 45 and a third driver 47.

The controller 44 controls the first driver 41, the
gecond driver 42 and the third driver 47,

The firat driver 41 drives the linear motor 37 in
accordance with the control by the controller 44. The zacond
driver 42 drives the lineaxr moter 38 in accordance with the
control by the controller 44.
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Fi gure 2A shows a front of the scribing head 20.

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

The scribing head 20 includes a head main body section

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

hol der 27, scribing cutter 21, a energizing neans 30 MD0zé
and a vertical crack extend:npdneans. The details of

the vertical crack 25 extending neans will be

descri bed later. The head main body section 22

includes a spindle 23, which is horizontally inserted

t hr ough t herheash 15+ saadyr i@‘-‘i% PrRAded'Inda t}?@:[él?tgarhood

24. A cess . porti 29 is forned 30 in a | ower par

of ?ﬁe%ﬁsaauﬁr&en‘ﬁ‘ggy 3for t THE S11PEe S5IEA A3 &,’@"Z@ the
is Bosgmniamedmmdﬂxawmﬁmﬂm gaﬂd&% oﬁgg @ﬁpﬁgiml 32
axi o), in e head_nain, - 0

por ?§n°+ﬁp€é?a¢$§? %&%i#??ép%bF |%FE&Et$&xER#£%ﬁ§§ to the

bearpntrebler 244 ot ates around the axis of the

spindle 23 within the range which is bl ocked by the

bl ocking 5 axis 25. An end portion of the bearing case

26 i s connétheghird dyivremnaddlelvass fhe atmlitnphesddiriving

pormb B f5 e ARV rdMhce” #IEh2BhkSchbRt oI B Lk t
bIo%Eing axis 25. The bearing casg gg ﬁol%i %%éeébﬂfﬁ%ller
cuttet holder 27 so that the cutter holder 27 is

rotatable to the bearing case 26. 10 The cutter hol der
27 include cut ter, hol der i,n. bod orfLon 27a an
arotary a%rge f’/'-’cr.ﬁflﬁ‘@ kﬁlageggi’rgliﬂgrmxﬁgri één&uﬂ’@ﬁ’a:l d on
t hete @liddeCade 2Bhe | sorttelie hisiady d28vand mobbAL4S rotates
ar o4k th N AXipHa?2 r r in. 15
Boch, that Bext a2 e dSrali 4] 20 oen, Taslgipoatry
axi BLony them@iden hagz 36 dntaogondence whth sthd aceaffion of

t hetHPEY1L fH@ase fglbstrate 1. The details of the
cutter holder 27 wll

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

The seribinghead 20 includes aheadmain 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 sectlon 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 1s accommodated in the recess portion 29.

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

provided in the above the rotary axis 27c. The

energi zing nmeans 30 is, for exanple, an air cylinder.

As the energizing nmeans 30 applies forces to the

bearing case 26, a predetermned load is applied to MDO026
the scribing cutter 21 via the2alot-ary axis 27c and the
cutter 25 holder 27. The scribing Cutter 21 fornms

scri,be I|ne on the nother glass substrate 1. The

scr ity R 40 nagaldedith thediamdsdd sp8dnt

cutter or a cutter wheel tip. The scribing 30 cutter

75, and ve Bk, bRoRERE CE B K ake e bRoung, 6 awys of the
a ClﬁPé\Wwﬂévw-‘E#hial Chbtmnshﬂhvﬁe.th:IZa blozakedl\@p%e blocking
Fi guka 3051 S & %hﬁepc‘/t :Eatﬁgtl% exf%]rggly %gr Fh%% é"q fonnected

Fi gures 3A and sane Co
Fi gthPedh S SRARALE 23 rand diet eahb;r ¢hé parelarefed ¢hecbearing

numMeagles26 1 sThe d‘d!httta%rt WLl $he’s Jdbeﬁiﬂg S1% 25l %.[}'ze bearing

axl S

hol d t 27
or oB9E B Biafls S5B Gi (aF BRAAST A Bk <the emidiamholdex

a | B\I/ed.spmﬂ:adthbﬂ.he toCthkehebel A8’ cBBEN280dY portion
27a. The rotary axis 270 which extends upward is
formed in an upper part of the cutter 10 hol der main

body porti ohe7eut fidwe hodidmry 22xi8c2ides a heltder holder main
[I_Ot sbap! ﬁloPﬂ&Hez'PfaaHﬂQ ?Q?S &° V.Jf.% 34§ bﬁ’?[' naﬁggp holder

sCribing cutt & tu
ti p2f nie maRd ge ﬁhﬁlmrilm mau @6 vba atlebhbpaariagnds and

Lherbehten dudung Moikbiuty 42 J29R1C P00t o1 M08 matn

scr b| n ﬁ 21 15 is

bl a g‘ig%' OR 1! & dsi frrgedcintegrally switdy tthcarotery axis
t heZHDthtwilgd;ams gaubsbi:tahagénail %rﬁxéédﬁa% B@n'f:lae mother
Vi e Cri.Dl Fi gure

Vi e#_&% 4}‘2" &ats ﬂg % gptgi- 1sppf) c:utter holder 27 will

be described later.

The energilzing means 30 is provided in the above the
rotary axis 27¢c. The energizing means 30 is, fox example,
an ailr eylinder. As the energizing means 30 applies forces
to the bearing case 26, a predetermined load is applied to

the scribing cutter 21 via the rotary axis 27e¢ and the cutter
holder 27,

The scribing cutter 21 forms soribe lines on the
mother glasssubstratel. The scribingcutteris, forexample,
a diamond point cutter or & cutter wheal Tip. The scribing
cutter 21 is provided to be rotatable around the rotary axis
19, and i1s held by the cutter holder 27.

Figure 3A 15 a cutaway view of a cutter holder 27,
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20 4Cis an enlarged view of a part ("A" part) of the
scribing cuter 21 shown in Figure 4%. The scribing

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

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

25 in Japanese Patent No. 3074143 by the applicant. |rMDo26
an external circunference faeezbf-the wheel (dianeter

f, thickness W in a shape of a disc of the scribing

cutter 21, a blade edge 21b is provided on the ridge

of FREUTE 3B dee 2cadde Miewioich eubtendoldnn ?drd In Blgures

shapg ehdaas ) the m&pl R ARG 2 By Eﬁ%saniﬂbﬁﬂéﬁres 2A and
ang A pl.ura E%yb H[a)rotru3| ons J, which protrudes

out tHr §¥829 SPPRCEPEPRPTCE PreFalss

formed on the bl ade edge 21b by form ng grooves on
the ridge p | bl a The ral
pr ot r usi ons‘ﬁruL héa?f{s]ttaer %l? dgﬁ gﬁ f‘bgg"é‘?e%fa cﬁtg n%?%{igr nadin
andbedﬂnmrbbone%'bgmmckch wictianvh axisk @dceyeA drddwe portion
scr t 4 i bi

2707 dintlh @#%ﬁ% cr ac‘iEl 28 n}{s ?rag!ﬁ{ﬁ%g'ﬁ [E e‘?‘%ﬁ?roﬁaﬂ of the

form ng a vert
e

subS¥EEReE hebkder maip hﬁﬁmm@m Jabst The erayany oamis 270
t hewnmen I@masi dﬁﬁ&i—d el f&rﬁxaa o) hhtdfpégﬁéﬁft QLf the cutter

é;‘h n a_vertical
dee TJF HP %ﬁé‘lyf gf’%ﬁ&"“l\@?%ove? he %”(’;’céﬁl’-ﬁe%ﬂ 3% held
cr acktatablicohotia Giatind caild @8 dHaAnghet Beasihfy ﬂse The

U5 SAEBLN0 R R Vet At e TR St Sl Fip m
Cut shape @pp&ﬁ%iﬁmm&mm dameound tthe rotary axis
r ef £ apoen {,p 15{:9 ﬁor%?t 3'57 3B, Tﬁéaseg;oi%%%%r 21

The_ structure of bi n% i nC
subb? Mald &t FME H}ma'ri&mso Obhﬁ@lmﬂe leidgiet 8 the tsfwrtibing

of ciibPesCil bingrdeetke) to the mother glags substrate 1.

Figure 4A is a £front view of the scribing cutter 21.
Figure 4B 1s a pide view of the scribing cutter 21. Figure
4C is an enlarged view of a part ("A" part) of the geribing
cuter 21 shown in Figure 4E.

The scribing cutter 21 1s, for exampls, acutter wheel
tip. The scriblng head 21 shown in Figure 4A-4C 1= 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 gcoribing
cutter 21, a blade edge 21b is provided on the ridge of the
blade edge 21a which protrudes outward in a shape of a V",
The blede edge 21b has an obtuse angle,

Apluralityof protrusioens j, whichprotrudes outward
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Hereafter, a structure of a scribing head 65 wll be
descri bed. The structure of the scribing head 65 is

25 different fromthat of the scribing head 20. Figure

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

is afront view of main parts of the scribing head MDO2Z&
65. 30 The scribing head 65 kngkudes a pair of side

wal ls 65a, a servo notor 65b, a hol der hol di ng

assenbly 65c, a spindle 65d, an axis 65e, a scribing

cut Pdithe predetemmdmegipikghdets Exrmeddon e blade kdge 21b

bevahr ﬁ&ﬁh:ﬁn@ﬁrom@n the seaye ﬁ@fﬁorﬁ%@ Ltgzehﬁh.gvf'lbnedge

e te suspensi on BPet ween
S| dLe"p‘ﬁaP E”%%‘QY aP’F%'Ev‘é‘?E’s‘”b%ri hxe Phéiﬁal pnothsi q@der of
val micGbmetée Anideanfiotdbagrassendzad $hh ¥hé CHaked e
a shape of L viewed froma side, Is provided
rotatably around the spindle 65d. The cutter hol der
62b suppor t The hecstbing nguichdz @1 hb& ﬁZﬁefﬁIﬁigﬁlgapability

ar OH@def}ﬂl‘Pﬁ( %%Pficgfechﬁgﬂ Sﬁtgﬁ%%g!t Gezglaltﬁrggi trate

front part
58 éP -Fhe Pmth%?dﬁ-hgﬂas%@hbtya%al)mbom@rm n‘dtinknesa

65baadeg816n td¥e that vt erv
65b IE}E:d.l a?el res jﬁgﬁéeq'{%i laﬁﬁgaf:%ﬁF e s@?é%gﬂngly'

predst 5 Pﬁ%ﬁe@ﬁhoﬁam &g Soxmed. fm:maover
t hatht‘- fmmrdndcg o(fUt:i:'a&P:EZﬁm MAee el z0ReR 1 AEr8BEPSh along

te scri 20 One of .the pair of
géﬁ?a%b%f\r/ae g%%r? gﬁ%?agﬁ@&r"ﬁc}t EFH'%{?%‘/ can be
aX|sﬁbtrah@9éervo not or 65b and the other of the pair
of the flat bevel gears 65f is attached to the spindle
65d so that the pair of the flat bevel gears 65f
engage eaclFhorertbinnhesd2s inmludnd/in the eubstiratescutting

i N dpyafs¥us 100 has been described with reference to Figures
27, 2B, 3A, 3B, 4A, 4B and 4C.

The structure of the scribing head included in the
substrate cutting epparatus 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 1is
different from that of the gcribing head 20.

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

The scribing head 65 includes a palr of side walls
65a, a servo motor 65b, a holder holding assembly 65q, 2
spindle 65d, an axis 65e, a scriblng cutter 62a, a cutter
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25 ward/reverse direction, the hol der holding as

senbly 65¢c noves up and down with the spindle 65d as
pivot. As a result, the scribing cutter 62a noves up

and down with respect to the surface of the nother

gl ass substrate 1. 30 Figure 6 is a front view of a MD028
scri bing head 66 which is aroRBer exanple of a

scribing head using a servo notor. In Figure 6, the

ng g%ngogents as those in Figures - 24 MD026 5A
and ™8 den8tddappadgectafidatcbevehcoenuaebsifs, and
the description thereof will be omtted. Asshovvnln

Fi gure 6, ary.a |s the _servo not or 65b of

The'scr i bi nifRAaFN motoh fabi{y nedddn an Wy ented state of

hoI éuephbbdongbatweab| 'l;mefpaia:l-lelfeaiae rwaii@ 656 ahOASlower
Mol ny descrijed in

det BEFE o 11 BRLAEE S g0 wa it 63, "t naTasg Wi sdseniy

t he85€s i Whigh ham o ebﬂnndoﬁas Wlewedt freom e wddent £ provided

65brbaaeagg§|ngﬁhagtﬁgngﬁghdﬂgdg the scribing cutter
62a is noved up and down” so as to be p03|t|oned

accordingly. is During a scribing step in which

seribing |imes dftted BoTBdrofab MRS thkise
t he sc |ng headsﬂ% and % r%bing cutter

sub

sor T80 T LT AR ErAad e e 8en « BhaUBRLERF drelder 62b

tot ietmeunted snra b:E:ntgnth:.ﬂE @2.?3{ 'ﬁ tHhe ﬂg}gwadzﬁz #Be in

se [ it e s cutter
F:pﬁgi\:/%sggv\% ?}rlom ?:Egéﬂo 8:['1? e FREYE ‘1‘ %1 * servo

rmtor 65b. The driving control section of the servo

mot or 65b omMM IsQrSre EQ%UEOG%I&H]djllaﬁsq%%e oEQ@ﬁ.ﬁ}th'Eorqua of

rotation torque does not excee Set va
contvo I §¥Fe °3-'th€) $ 5o Lamediatedyt reaponsive to aghange in

Cuttlﬁﬁ sWh‘QBH.n@Z%h:ﬁs@.cé B&babﬂﬁi Eﬁ@sﬁlh &uet'@iorl B@ resistance.
Jlass spbstrare I's e Servo
Sted 't e scr h:lng cutter 62a receives when the mother

glass substrate 1 i1s scribed.

One of the palr of the £lat bevel gears 65¢f 15 attached
to the rotary axis of the servo motor 65b and the other of
the pair of the flat bevel gears 65% 1s attached to the spindle
654 so that the palr of the £lat bevel gears 65f engage esach
other, Thus, as the servo motor rotates in the for-
ward/reverse direction, theholderho ldingassembly 65amoves
up and down with the spindle 65d as pivot. As a result , the

scribing cutter 62a moves up and down with respect to the
surface of the mother glass suhstrate 1.

Figure 6 is a front view of a scribing head 66 which
is another example of a scribing head using a2 servo motor.

In Figure 6, the same ¢omponents as those in Figures
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65b applies a force, which presses the nother gl ass
substrate 1, to the scribing cutter 62a, as well as
controlling the position of the cutter wheel 62a in a

per pendi cul ar direction. 30 The scribing heads 65 and

66 include a servo notor 65b. Thus, the scribing MDG26
heads 65 and 66 can adj ust thez4rotation torque of the
servo notor 65b imredi ately responsive - 25 NMD026 to

a Change in the scribing pressure based on the

f 1 uBRuBRACPB e rderiaftedhdy ftivec sambarefhrencei bumerals, and

cut ¢ge QZQcE@.ﬁQi&ﬁsth&ESBftGflﬂofpge&mﬂjt 8§_substrate 1
is scribed. As a result astabescrl Ing is

performed to formscribe lines with 5 high quality.
Figure 7 shagssiowerfn Fdgugeask €xéanshdigy m@sof the Bervo

i nc a Libin ad 20 Fi res

san@ggggn%ﬁﬁ ?fcthfs F%&Egnﬁ ﬁ%t#gsisl ﬁ'&cQAyaannected to
denbthedhbydenechaeldingrassémbipcesauneral s, and the
description thereof will be omtted. The scribing

head 20' is provided on the guide bar 36 and al so
functions 2Bekeafteri tdherophantionBort Mieakkicrdblisy haads 65

mot 8Ra 6 ﬁ&il%@&k%%tribld h HeRAT10671 65 @%@{L&awtﬁgums

ﬁ %vertlca crack extending neans
gen atTRG*Pplratus 52 generates steam as means for

breaki ng the nmother glass 20 substrate 1. The stream
generating rat us,.5 v a crack

Ot endi ng A AReRe SR mdRARAe 6¥, anddes AFLRRCRe servo motox
di r&&k idon soposhtinnthgrogh sl smdss  ate &crhhiﬁgr@ytfg; 62a

Slt Z:ggsn subst r"g'tD &ﬁas& (?GESIOT‘ﬂé/ES'iJCI g{%% he at,cceorrd:l.ngly.

tenperature sufficient to expand the nother glass
substrate ]During a scribing step in which scribing lines are

formed on the mother glass substrate 1 by the scribing heads
65 and 66, the servo motor 65b generates a rotation torque
in order to return the scribing cutter 62a to the originally
set position when the position of the scribing cutter 62a
moves away from the position preset in the servo motor 65b.
The driving centrol section of the servo motor 65b controls
the rotation torque so that the rotation torque does not
exceed a séet value. The controlled rotation torgque 1s
transmitted to the cutter wheel 62a as a scrlbing pressure
for the mother glass substrate 1. That is, the servo motor
65b applies a force, which presses the mother glass substrate
1, to the scribing cuiter 62a, as well as contreolling the
positionof thecutterwheel 62a in a perpendicular direction.

The scribing heads 65 and 66 include a servo motor
65b. Thus, the scribing heads 65 and 66 can adjust the
rotation torgue of the sexrvomotor 65b immediately responsive
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30 The steam generating apparatus 52 includes a main

body portion 52a, a flexible hose 52b for passing

steam through a nozzle head 520 integrally nmounted to

the cutter holder 27 for holding the scribing cutter

21 and a nozzle portion 52d for spraying the steam wMpozs
downward, - 26 WNMD026 The nai®msbedy portion 52a is

nmounted to a head nmain body portion 22. 5 One end

portion of the hose 52b is provided to the nain body

por tPcheBaage iifethe fariddadpre s snrobased tnsbe SRteation

CONBECctEH1kPahbs FAOZLd %mﬁth@ZchIBﬁn oéﬁ @ :@fg?g&:ai\rea

is rotated integrall the 10 cut

ar ofRgn e 29 Eirngég%r‘%‘?‘?,%#rﬁq écﬂ-ﬁoﬁprw ot ASragrrpult,

por &i stablet BeribsRgS2d hSr£ORNEEt €6 £8rth NFor WL 21 Phey with
heaﬁl éa solg% to be circled. A nozzle portion 52d 1is
prowa dIR-5 ¥ over part of the nozzle head 52c. 15 In

the nozzle portion 52d, a steam spray opening is

f d i f |

070 11 Sr8JE, s, Y AL RS e
st e%\?n'-‘gﬁfledt ke scptpébing hands%burreih B gimeesCt i by same
CUt&@&pgﬁeﬁﬁsaéstﬂ;Jk%aHnt PequsEE! Péadd 'ﬂsaﬁg' ex{lgﬁgﬁin? the

shows anot her exanpl e of the vertical crac

neafidme Xederengm fiymenals, and thecdsseriphior thergpes will
devbeéeomdRtsay i nclude a scribing head and a nozzle

unit 53 separated fromthe scribing head, instead of

the structure that the steam generating device 52

i ncl uded i rthéescitiibighhebdazo 80 2 provii@dd dastR8eguide bar

N0Zgk & fPlhisd rRAd L1888 L1 Wi e? 1@“&285%&5:“ for breaking

the mother glass substrate 1.

A steam generating apparatus 52 1s a vertical exrack
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

. @irection of the mother glass substrate 1, by spraylng steam
onto the scribe lines formed on the mother glass subsirate

1. The sprayed steam has a temperature sufficient to expand
the mother glass substrate 1.

The steamgenerating apparatus52 includes amain body
portion 52a, a flexible hose 52b for passing steam through
2 nozzle head 52¢ integrally mounted to the cutter holder
27 for helding the scribing cutter 21 and a nozzle portion
52d for spraying the steam downward,
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unit 53 includes a plurality of nozzle portions 52d.

The nozzle unit 53 is provided on the guide bar 36.

Wth the guide bar 36 being noved in the Y direction,
steamis sprayed - 27 NMD026 onto the surface of the

not her gl ass substrate 1 on which the scribe Iines mMpo2e
have been formed, A nenber havigig-a slit has been

formed in the steam 5 spraying opening in the Y

direction shown in Figure 8, nay be provided instead

of the nozzle unit nentioned above. According to the

subst rate opid h\ﬁg.na’ﬁaéfaédh?’tﬁn B3 1BEed %eﬁtﬂé’éh main
Q%%mhlc has_a tenperature sufficient 10 to expand
the

KYEEEM 22 5pr ayed onto the scribe lines on
the nother glass substrate. This extends the vertica

ks f h he
i recti on One end BBSEPRreE Yo HhEeSak S vEyEiientp the
t hemadn thady nmaxim I3Rai.ngThepethanserod pfdxet e ahe hose
M cEfref £ f dAUES dxY qﬁé}e‘le \i‘eg"‘{ra cracks due

to a capll ary phenonenon. pene 50 liquidis
expanded (cubi cal expansion). Thus, the vertica

cracks are g 88600s! 9ada REK i%JEBi‘S‘Eeafiﬁ@@%rgfl with the

not h ubstrate 1. Furthernore, as cu

as & e‘ﬁ’ﬁ@%@éf%f *hé”%‘ﬂﬂl BRA@¥RR oLy Verhiged Airection.

| asme asmd:l andr pbﬁgib?ablfnghet #}ﬁsﬁ CE2Bi 119 B:ld:ﬁx%;cﬁéd‘a % the
tead of ,steam ri ea

may 4% ebg'%@g F?Se?%as%.’i? F’iFB’:i él‘yl et grtlon 52d

Thuss previidedd dor ac Kowean faertedfe tded nioz ztee Heldids 528 S

direction of the substrate w thout mechanically

appl yi ng 30 a bendi ng nonent al ong the scribe |ines.
As a resul p the maagke postden BRdow sipamasptgy opening is

br eRdginfed :[lh& shPRIIAl forbRAMPIAS S PP | L1158 ! %tctangle .
ChiRPINgs .

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 enother example of the vertical crack
extending means,

As shown in Figure 8, the steam genexsting device
52 may include & scribing head and a nozzle unit 53 separated
from the scribing head, instead of the structure that the
steam generating device 52 included in the scribing head
zo'includesonenozzleportionEza(seeFigure?). Thenozzle
unit 53 includes a plurality of nozzle portiong 524, The
nozzle unit 53 is provided on the guide bar 36. With the
guide bar 36 being moved in the Y direction, steam is sprayed -
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- 28 MD026 do not occur in the substrate due to

conpeting notion of the substrates. In the exanples

shown in Figures 1, 2A, 38 and 7, 5 the scribing

cutter 21 functions as a "scribe line form ng neans

for formng scribe lines on a substrate”. The steam wMbp2zs
generati ng device functions asza =breaki ng neans for -
breaking the substrate along the scribe lines". The
nozzl e portion 52d functions as an "extendi ng means

f or OREiRI Hlae surFace Af lihe medhesxgdadengubsbratiel on which
SCr ¢he gbggbbnliggstﬂhggngggn fhLgeqi on of substrate,

by spraying a heated fluid onto the scribe |ines

fornmed on the substrate, the heated fluid having a

t enper at ur eA sidnitiey nafvihg samﬁ: BUBIHELR E¥mdden the steam
subg%rat Howeyver onent i ncluded in

t he
subSPraf n%u???’?@%é‘%%&&r %‘Ft’c P dn F:I.gure 8, may
i nveatboavidedointtaadedEt bhé mozzwpmwntrsezs{fmmd MNabove,
Figures 1, 2A, 3B and 7. As |long as each conponent
included in the substrate cutting apparatus functions
as the abokeerdinmndée the mHubst2ate cettingiapparedus of the

f or pF@E S P IndentibhS EH Ofh#ch Y ka%%te[ 3k eratEE'EaEMfﬁciant

nmea s for breaking the substrate
| i ng® HFRAPE Ehéh FUbg tﬁ?éla'ﬁ?s fi§r spaRYAd an%rthfea‘-!cmthﬂ:w.ines

gxtdltm nfdmrt fg&ta&%r iR stthragel, N 'blhfstéhbkfmt g ?llzh ertical
ir bstra rayi a heate ul

ont SEAHRH £atm TRELERLRe iRl B P, 2 thiGEPPRE AlTeetion of
headtkel é¢hﬁtt¢@u4ng a tenperature sufficient to cause
expansi on of the substrate, each conponent can have

an arbitrary structure. The vertical crack extending
means nenti #tapov epreyedsonbo thenVkaimanaranksuhaving

st aen thdlf Ve Hd Wihea b Gus al&g:% A Su aetstfattﬁ:kas.i.nq:o the

qurature sufficient to exp
hea &% d SKRFKSe, Aver Txapl @P-‘él-'bm mnamrmn The

or perdtrdtdd A14gd1a0 1% BRFAARLANPEuYPELL - expansion). Thus,
the vertiecal cracks are extended to a back surface of the
mother glass substrate 1.

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

scribing head 20 may include a lager oscillator for drying
melsture.,

Thus, verticalcrackscanbe extended in the thickness
directlon of the substrate without mechanically applying
a bendipg moment along the scribe lines.

As a result, the substrate can be cut by easlily
breakingtheaubstratealongthescribelinesothatchippings
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- 29 2. Substrate cutting nethod MD026 Figure 9 is a
flowchart showi ng a procedure for 5 cutting the

substrate according to one enbodi nent of the present

i nvention. Hereinafter, a procedure for cutting the

not her glass substrate 1 by the substrate cutting MDO2§
apparatus 100 will be 10 descezsbed step by step. The
procedure for cutting the nother glass substrate 1 by

the substrate cutting apparatus 100 includes a

scr Agi Rgt ‘eeEprahm bgﬁré§h$h§a§@e@U6A&0n@@ﬂ&@t&gﬁ motion of
I ni thal s6Bktt+A8egld step is perfornmed. Step 501: The
initial setting step is performed. The initia

setting step is a step for setting an initial state

of the subs:nama cmtatmmﬁmm da FOGukebOLe 2A¢ 3B ana 7,

t t tail f th
2or MR AR 23 bR Rl Sn,8 bt bbfk cornng
i ni mpans seex ifoFminp scgibenlihes o ke substrata”. The steam
pr Oﬁéﬁ %?%gﬁék%gi%%é;‘%'?%in%{{ Eo‘zbre&n?:pg%ﬁn?g#xgggﬁﬁeﬁegaking
EPP pehg et allsay kbeneeripadeinaalst r The nozgke portion
det anh&m{ciméqd Ehnge:i{:&ﬂa:.ﬂ\gh&e&if‘s ‘Fo%:ﬁfnhk bl tical

30 Aft scrlbln ste fTnish ess

pr o«a:é%%]é ?P@ﬂ-“@o Tom g ENBGEG-bSt elﬁg.rggginTﬁéle thickness

br edki agt 6% o4 Suhelticﬁltm?d:y B@&aﬁh@ﬂklﬁ%ﬁcﬁﬁlﬂdaonto the

st e@cafrﬂe g.r:l.%%lé' f n?uot%e su’gsgggtg u %xtergeat ed £luid having
atemperature sufficient to cause expansion of the substrate.
However, each component included in the substrate sutting
apparatus of the present invention 1s not limited to the

components shown in Flgures 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 fluild onto the scribe
line formed on the substrate, the heated fluid having a
temperature sufficient to cause expansion of the substrate,
each component can have an arbiirary structure.

The vertical crack extending means mentioned above
is not limited to one using steam. A heated £luld can be
used 28 long a3 1t has a temperature sufficient to expand
a substrate. The heated fluid may be, for example, steam,
hot water, or a fluid including steam and hot water.
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1 along the scribe Iine. The details of the breaking

step wll be described below. 5 After the breaking

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

Initial setting step 30 Hereinafter, the details of

the initial setting step (step 501) will be MDQ2é
descri bed. As preparati on work2Bor scribing the nother
glass 15 substrate 1, the pressure of conpressed air

to be put into an air cylinder provided inside the

head main body portion 22 is set based on various

conditions &, osusetrhtaggﬁheiﬂgtﬁgfhnglass substrate 1
(e.g., the thickness, naterial and the |ike of the

not her gl ass substrate). Based on the setting, 20 the
scri bi ng cuFighnrel puss e £ idwhmthadhess SUubsééedere for

h@%@n@r%ﬂ%tSﬁgh@ggteoggcoé&iégfgatég&tﬁggggimenL gf the

orce-rs-ap
cyIPﬁeéﬁﬂtrdmﬁﬁe§ioanound the axis of the spindle 23
in an anticlockw se direction and cones into contact
wi.t h the bl ocking axis 25. 25 Next; a zero point
det ecti ng sHepeinafitefpammeddurd fier catbipgithie mother glass

det gabeRtatech by Uhe gabbh gfcﬁf’%ﬂﬁ@%osq{ 108 w111 be

% ass substrate etec

the §EP &PSdoPtFEebHDFﬁ@P glass substrate 1 is

necessary 30 for nDV|ng the scrlblng head 20 along a
bstrate

T the vor oThE picedude £ IREEho MR PHER 1 oiE dinntrate
31 lmzeembetmquttmagcamqmus anoatraiiddea scribing
sur&ees £a th:§9&£&§§ (f Wﬁsséﬁulpéééﬁfr% fihitial setting

scrlblng head u
step 1= performed

Step 501: The initial setting step is performed. The
initial setting step is a step for setting an initial state
of the substrate cutting apparatus 100 before the scrlbing
step is started. Details of the initial setting step will
‘be described below.

Affer the initial setting step is finished, the
Process proceeds to step 502.

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

After the scribing step is finished, the process
proceeds to step 503.
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means (not shown) noves the scribing head 20 downward

at | ow speed along a vertical direction of the

surface of the S nother glass substrate 1. As a

result, when the scribing cutter 21 is in contact

with the nother glass substrate 1 and the bearing MDO26
case 26 is spaced apart from-tBe bl ocking axis 25, a
position detection mechani smof the scribing head
upwar d/ downwar d neans detects the position of the

scribing 108hepd523.: Mie Zereakinyt sdepedsi GesEddned. The

o
LSCE;%%%#S-Q S R L
way 1 Fi’q@nﬁeﬂ?ﬁ peinibelddacti nfhetdptails pdt tbenbdeaksng step

WhegithenzenrsReiBbadgbest, on is conpleted, the
scribi ng head upward/ downward nmeans noves the scri bi ng

head 20 upward to a predeterm ned waiting position

(e. 9. , awaftenghepbrikdngadbep iisheistsheds tHe phecess is
ot gemdhg@ssgsubstrate 1). 20 In the substrate

cutting apparatus 100, the nother glass substrate 1

is positioned on the table 31 and fixed to the table

31. When thf fntfﬁi %f3§?€§¥$é a%e 1is fixed ~on t he
n

table 31, a zero pol %pperforned (i.e.
25 detection of the surface position of the nother

gl ass SUbSﬁIéf&:@né&téf Eﬁﬁf&gfﬂhﬁgk he 1818€ iige@(%ing step

hea? %O is noved. _to the walting position apove
sur t St8P oFo%he"ﬁ%%h%? de88%Eibadpstrate 1 and is
further noved downward. The scribing head is noved

upward to the vvaitl?g: p03|t n and noved al ong
line to be 2TMARE ng?FEFﬁBiBHtF%P Qﬂﬁh%: glass

ar ravpetrate b, the praasuneaoﬂam@hﬁmsmﬂ Afr thebe put into

P88 WDy Rl b5 odh LAF IR AL PRl §h4G ortiaon

cut22 A et bagedon yendnusdandit iors foerseriiindERamother
glass substrate 1 {(e.g., the thickness, material and the
like of the mother glass substrate). Based on the setting,
the scribing cutter 21 presses the mother glass substrate
1 with a predetermined load. At that time, the bearing case
26, to which a force 1g applied by the air cylinder, rotates
around the axis of the spindle 23 inananticlockwise direction
and comas into «ontact with the blocking axils 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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0.1 mMmto 0.2 nmfrom an upper surface of the nother

gl ass substrate 1. Alignnent marks are taken by a

pair of cameras, which 5 are not shown, during the

time after the nother glass substrate 1 is positioned

on the table 31 and before the scribing is started MD026
for the nother glass substrate3l.-At |east two

alignment marks are provided on the nother glass

substrate 1. 10 Based on the inmage of the alignnent
mar kY iReRedfowandaaqniisan phgvedhe supfscesthhp mother

f or gR¥8EPEEh s BELES 3 ©S NeB4 BRI Sl nk ﬁ%&&ltdﬁi’ara/aownwud

i nfornati g _[:e ar di g’Ft he npt her :qu,ass substrate

15 B3ERE Hh° ‘&‘i‘rg QB Ehe ( frx izreadw%ezmmward at

gl adewsappstd atlenl andetblnacdazaifalgmclsh RE H:hﬁ surface of the

pat e cal cu s the a
nehgEiptlotes s Sl L 1A BnSPelbEe mth (e B abing

schBt'hgrdH dot iden ceindiagt2@ithe thei tletheai | gBSsmnsubdterate 1

poshﬁﬂofhé’fbéi}.e.l.rﬁd; YB%S{ f23C g.sotspalégahggépg %rﬁ‘sﬁ%ll}]lacking

substrate In t rection e SCri

. s WP 25 pposidisey detegtionmachanism of ’c&qsgrmging head
efpwWa S & @ meadrl}e S Nghat
%ﬂ g%g? %"P bén edescﬁ@ggg%ﬁlgé s#:a}?'tﬁ&%ﬂ QEE ‘g%j’bing
CoviBagodg) dhhe; dera Boing datembirhodater Iddcating the
outéeﬂectﬁd t&aaerigb szrthfta:m QgtbhEEHgi-g&‘%ghﬁéﬁs included in
Su e ,ne to e rrpe I.C
o ocaf YR eHlle Vap g Sadf BE6 o Poras defpening step
Nex}s m¢i€fmt§cb4 ng head 20 is noved along the |ine

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

In the substrate cutting apparatus 100, the mother
glass subatrate 1 is posidtioned on the table 31 and Ffixed
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 surfece position of the mother glass
substrate 1) is parformed after the scribing head 20 1s moved
to the waiting position above the surface of the mother glass
substrate 1 and is further moved downward. The scribing head
1s moved upward to the waiting pesition and moved along the

~1line to be scribed so that the scribing cutter 21 is arranged
in a position in a neighborhood of the cutside of end surface
of the mother glass substrate 1. At the position, the blade
edge of the scribing cutter 21 15 moved downward to a pasition
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to be scribed and the cutter wheel tip 21 is pressed

and rotated on the nother glass substrate 1 so that

scribe lines are forned. 5 The bl ade edge of the

scribing cutter 21 is noved downward to a position

0. 1nm 0. 2nm from t he upper surface of the nother MD028§
gl ass substrate 1. Then, the-cBmptroller 44 outputs an
instruction to the third driver 47 to drive the 10

scribing head driving notor 45. In response to the

dri 9i-ﬁgfgmt1me Oock M gOMcEd URDes mufinds of5thehmother glass
scr shbegrhead1r20 noves al ong the guide bar 36. Thus,

the scribing step is started for the nother glass
substrate 1. 15 Next, the inmge processing device

rrr,\_nt i oned alml/:sgnmimmasns a&betdﬁa?ﬁyﬁaﬁ@iﬁﬁf‘&gﬁleraal,twhich
al i rks ken. .and . _sends the processed resu

Co FRERGS SHRAES, AR e BR tuns Biior e RatigE ainge substrate
apphrig Eesitdensd dy thehtablle@®B1 sl béfozkotget i€ribing 1s
gui §eaPpiq38aNenkh lger e 20

respect | Vol om)\%1 aogtnhg?g?l%a%% ?ﬁsg%a?aszﬁand&%é"esﬁ?t twa
t hatligpmerp Magis & peavadedi omttiie potheroglass substrate
di spl acenent from the standard fixed position of the

not her gl ass substrate 1 positioned and fixed on the
table 31. As a result, the scribing cutter 21 is

pressed andestduethbatigdd fsthe diigraferd Rckd Pken, an
S | | . us

SorHREde kR AN SATL L DR RabE L, It eiabie @Rnerates
i ntREpRrEe i data vinddoasinge rifmfomh thorp meespir@l i the mother

rot@id 4 sdie: L bj ng cutter 21 along the straight
Iinéé‘ito bse scrﬁ%bias the guide bar 36 is noved in

the X direction and the scribing 30 head 20 is noved

e di oot o o SheC AuhOg1SoRAPAT PEhS PELS YE¥hd Botner

c orﬂ:f(soqq» Subgtrage. a‘.g')ég thesdatypgegarding the patterning,
the controller 44 calculates the angle of the mother glass
substrate 1 with respect to the scribing direction along
the gulde rail 36 and the position of the end surface of
the mother glass substrate 1 in the Y direction in which
the seribing is started by the gcribing cutter 21,

2-2, Scribing step

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

The scoribing head 20 iz moved to = position in a
neighborhood of the outside of the end surface of the mother
glass substrate along the line to he scribed which are preset
on the mother glass substrate 1.
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the scribing direction and the position of the end

surface of the nother glass substrate in the X

direction in which the scribing is started by the
scribing cutter 21. The scribing cutter 21 is pressed

and rotated along the straight 5 line to be scribed i Mpo2é
the predeternmned X direction »y the |inear

I'nterpolation nmentioned above. The scribing cutter 21

is held rotatably around the rotary axis 27c in the

beari ng caste®b, ke sexipdag hgads20 e Teyed aheny the line

ot ger bal aaﬁissbsaﬁatamé- S e x&%éﬁeﬁﬁ)yzprfss%f&sed and
and rg ? %%He scribing cutter 21 al ong

pr eHBEBFRT EIMRERLT GLPESFRHE-HiR ko Jinadsscribe lines
substreafertedli gure 10 shows an exanple of lines to be
scribed 15 set on the nother glass substrate 1, used

in the scribing step according to one enbodi nent of
the pr esent'.l‘limvlel:ade)radg'ﬁmfl thesstoib2ngceubrerazk is moved

Pr €86n@ira "Eo bt bR E%Oﬁotﬁﬁﬁﬁ?é& 'surface

substrates can u act ure rom one
gl aQ% Ehedmether Jslame suhstaiaty dss Thoai rthe contmpkler 44

sha@etpﬁta d&@r@ﬂltﬁtioﬁ"\’@ost‘ﬂétfﬁiﬁ d AT wets cﬁfive the

substr s i.s ar rrange in two_col unms al ong

| onFFTHERE PeRG EEivaﬁgd?ﬂii% 430t hER Z2ERANES; to'the driving

E ubkhe aaer:llbd.ﬂ'@ehtfmrdﬁubﬂid gf aieSort aqhsa; et rsmgﬁsim/g Head 20
ei P ely I C ot er

outpvER CLERLD Shte Yo hRE Ban B ERYe” L H5F e Lhlig step 1s

spa%wt¢¢oﬂ¢tmbhslmmtmge§1wémrgmmamgll udi nal

direction of the nother glass substrate 1 and two

side edges along the width 30 direction of the nother
gl ass substNefl the dmage: bretessingodevhge teentionad above

sub;@fé@é@swtﬁw&mﬁ%hadtﬂc&f’fﬁwm bgmtem fﬁHng £8%n, and

of the_invention, scribing Iines are

VDoAY | thy RERFesRed Arttlh &9 Shecadmebisadtdamm@E the
sulsmibstEste lonttihdyppataltisd SRS iSdr i headOdb 15 slid

Sm%ﬂé§§e§h adﬂfﬁe bar 36 and the sliders 34 and 35 are
respectively moved along the guida railsg 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
scrlbing cutter 21 is pressed and rotated along the straight
line to be scribed in the predetermined Y direction. Thus,
the scribing method i1s referred to as scribing by linear
interpolation, which is performed by pressing and rotating
the scribing cutter 21 alang the stralght line to be scribed
ag the guide har 36 ismoved in the X direction and the scxibing
‘head 20 is moved in the Y direction.

When the scribing is performed in the X direction
along the guide rails 32 and 33, the controller 44 calculates
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cut fromthe nother glass substrate 1 by breaking each

of four substrates la in the breaking step, which is
performed 5 after the scribing step. For exanple,

first, the nother glass substrate 1 is scribed al

around the substrate la in the top left section of. MD026
t he not her gl ass substrate 1-sBdwa in Figure 10. 10 In

the scribing step according to the enbodi nent of the

i nveption, scribe |lines are forned al ong a strai ght

| i n&PS BT HRIRT Ghrasddon aRd BheiBRSBkEN iof pheaend|surface
to bEethé angtlietl Jldsliginditiztitedlin R8eMRI 888t HSK 1in which

b f 5t te lanwhich is to b
sor EheabErdnifh 32 WIS e NG Bing oltthr a4 The
rlot aouébtthlg_mh‘ea::elm‘s phesgaagaard gbaﬁSeasanhﬁ-t_ id @he sitraight
al O | n_t,nhe I.DI N te
SeoMint o B'Boriyk b O ' lueddindl o & HEraHtIbRby the
st atinpeFninterpplabiomonentionead asbover 21 starts

scribing is a position of inside-cut on the nother

gl ass substrate 1. However, the start point can be a
posi tion iThe seEigdngr wabtes Rk lacheld mesadad lyuataurd the

of totarptdiels 2PAIn EHESBEREnY WG Peal tHE Bntfhg 28.
be 'ﬁl%-r‘éb%gﬁ(l .&é 3_5 asﬁ%;c,ltl on of outsi de-cutJ. As

shown 1 h ‘Pt e A 878 s strate L4an pegoribed by pressing
pr aandsiaist ingithe acmiedegecattet PLtglopg al agredeteminad

R U K R

Thus, as the scribing cutter 21 presses and rotates

the surfacerOlutdaoTehdel 2haaRandilbEd fuds & ne sorived

vertical crack extending fromthe scri
occift Ao fhre Aettwrcriass avbesrate bi used mo ke scribing

gl asisep atcorldId016USE Mo ddmekie o‘feﬁﬁﬁcﬁesé?%r?@i&ﬁzgﬂﬁtion.

occur approximately in the entire thicknes
not her gl ass substrate 1.
The lines to be scribed are preset on the mother glass

substrate 1 so that four substrates can be manufactured from
one mother glass gubstrate 1.

Themother glass substrate 1has ashapeofa rectangle.
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
belng appropriately spaced f£rom each other. The four
substrates la are arranged with being approprilately 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
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As the scribe line is fornmed along the line L9 to 5

be scribed, the guide bar 36 is noved in the X

direction and the scribing head 20 is noved in the Y
direction. Thus, the scribing cutter 21 is circled

around the vertical axis wth an angle of 270 degreesMpozé
so that the scribing cutter -23sfernms a scribing line
having a track of continuous curve 10 with a radius of

apprﬁiil mateI% 1lmm (see corner part A of Figure 10).
The & rnREAR ﬁ}%enaPPﬁt‘-Eéta tafar pachi of ther Four ssbstrates

shodm bnettye @ns 16V apapboEdl Sidge# e IQurS sﬁ%fﬁ‘:ﬁtmé 1a are
ci rgutn éh SCri kh utter 1 around the verti cal

axi Sk FRom, Ehe mather atfnd pypbreaking each of
| ndEouri supsteaioay va pnruneamarleaklﬁgf@wpﬂ wildhak pérformed

is § gEhEKec?Eggﬁ g %g gne and of the scribe line

formed al ong 0 be scribed and one end of
the scribe line fornmed along the line L10 to be

I bed. | ' t
Zféhg;gbﬁ O 7 rate E1o T U BOtheil dor Filtanre 1 10

lin8 &kt PE@&P%’&‘PM#W%F### d@ indihen top Lagt section

subefrthe. méthéraglafs POEbEOPatof 11 hsodd Il BAWILR Vo,
line is a curve. At |least a portion of the fiTst

boundary line is snoothly connected to anot her
portion of Iméhiel sstibbngdarep bceerdiag\We |t§>xet 8fbodiment of

2 d b |
vor 1 Bt ek Pof B NS o Ry i EBrasont 1one
subk? rk® ebe BeEthed alonesswidg éd)gesel.ramzlrméb tdethe
mtiﬁgiﬂhﬁa:ﬁ‘&‘.ﬁté@:ti%nl ?ytfxg% 'tﬁ.?s%u%‘t:lﬁg'g%gte 1 for

.?%é Etter 30 wheel Isre ced
FHESERRER Fasthish ia rte hﬁaaﬁubgﬂ asChatbts § dhe duribing

O 7¢mtté:l‘1&1ciﬂmdf}séﬁ ahQroidds ¢he éi:l’ﬂﬁ%bé SEEBiL ﬁlgtflgg lass
%__ ?%?trat 1 while the scri cutt 1g
RRtF e RLERR FRECR e
200p m MD026 -

In the scribing step according to the embodiment of
the invention, the start point at which the scrlbing cutter
21 starts scribing is a position of inside-cut on the mother
glagy substratel. However, the start polnt canbhe aposition
in a neighborhood outside of the end surface of the mother
glass substrate 1 along the line L9 to be scribed (i.e.,
a posgsition 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 gscribing cutter
21 (e.g., cutter wheel tip). Thus, as the soribing cutter
21 presses and rotates the surface of the mother glass
substrate 1, a vertical crack extending from the scribe line
can occur alonyg the thickness direction of the mother glass
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As described above, when a cross-scribing is

perfornmed by the scribing cutter 21 using a

conventional 5 technique, a chipping may occur at a
crossing point of the scribe |ines fornmed by scribing
inafirst direction and the scribe line fornmed by Mbozé
scribing in a second directien3sia the nother gl ass
substrate 1. 10 Wen the scribe line is forned al ong

the first direction, a vertical crack is forned in

t heSHBBRERTGI Bss The Verticel srask canaeir apboprinately in

apptrRsi entery €HUEKALEB! oft BhbNRotRALKELSSs Obub BErate 1.
pl ate. Wen the scribing cutter 21 reaches near the

scribe line along the first direction, while 15 a
scribe |ineAgsthiersmdisd angmd he Tosnad ghbagt tHB 11H€ 19 to

t t K T f
oS! pfLass, SHheLEA A DLL 3 LU BREE A4S Bl atpection
g! agBdsthss Erxtlblagdeepd t2eeds arovesd hinnthé 1y ﬂhgeﬁr:p.ah. Thus,
I r | (o) e | S
7 EEL! 5B S ae 04 b on O s SR e
| n VhEhs2R| angde spfpl 40 cdegraes t 20 tthat ntheli seribiaig cutter
t hezlrmﬁﬁﬁd Qnscfbsiﬂéw Sadlplyl £0rLa) e Hgfimﬁgguoua curve

the scribing cutter

al aS£E$5 sub irate 1
t he¥ 5?’6%#%1?01@% ¢aRs g9mner part A of
pr eEiguze appl i eﬂhhaimwmbhﬂnd:ﬂiﬂ%ﬁs &L&iﬂv‘eﬂbsﬁigﬁ Fformed

t h t t
ragShphinith £hL bBliondk I a Ye 1£0He 185 Smnid by otroling
an dﬂm é<¥dbilbg ¢uteer @lnexbun dhetshertidel h*&stwlﬁlean angle
h di
he By egruey. | ne"T108 1Rel8aP 188 PRENMDE Adhrion 1s
contted g &hatpliteds ﬁ@opﬁélwm:hnnegtadstsubnaratct df the

IT 5 u‘;%ditﬁrﬂ%ﬁealgf’ﬂg ?gefi(‘):%&lé o) %%853&{2%8& ana one

o ting formed along fhe Fine ﬁllﬁgt%baeq&n‘ibed

apprOX|nater equi valent to the thickness of the plate
S
In this way. this curve portion is formed along a
first boundary line (a curved line of the line to be scribed)
defining a £irst region on the substrate. At least a portion
of the first boundary line is a surve. At lesst a poxrtion
of the first boundary line 1z smoothly connested to another

portlon of the first boundaxry line.

While the scribing cutter 21 is moved by cireling,
a deep vertical wrack 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) is8 reduced. In the case where the thicknegs of
themotherglasssubat:ataliaﬂ.?mm,thedepthofthevertical
crack formed in themother glass substrate 1while the sexibing
cutter 21 is moved by circling is approximately 100pm to
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not fornmed at the corner part A of the nother glass

substrate 1. Thus, when the scribing cutter 21

reaches near the scribe 5 line along the first

direction while a scribe line is formed along the

second direction, the nother glass substrate 1 does Mpo26

not sink. As a result, occurreB@e-of a chipping at the

crossing section in the nother glass substrate 1 can
prevented. 10 After the direction of the scribing

cut?@P“El is circled with an angle of 270 degrees,

the scribing cutter 21 is noved al ong the straight

l[ine L10 to.be_scribed,al the width direction of
the substraf8 Fssﬁﬁggﬂd §883Fhoﬁhﬂa|alsrtvasfﬂernmagia

t obBarfDrtned b¥héhac Bubﬂ.hgngutsﬂeteilzlSuﬁiﬁﬁsﬁdcofﬁ‘é{nt ional
r ot g L10 tQ be sc i bed a

Cor Theinfal? b bbb byl Beplrl6L .2 Srmentii, bota,of the
acr 6§§ibﬁelinm=c ﬁnmsddb?'escrbhingoni\f sefitbatdinsction and
thetﬁbﬁhbéibﬂﬁhnahfogﬁéabb gséﬂigﬁg ..2.% LS9&bbK4 1 rection

wi th an, angl eree ion

or t fiBgbhel Mpshekcginns E‘!bstﬁabe deribed while a track

of continuous curve with a radius of approximtely
part B of the substrate |a

Ilmmis for a% a corner
athout | spoien the 6ot Mie cie: spemedr Adpnendhe. first
S g: ﬁacec'bion? ea nﬁ:htﬂ:czgig m:;ﬁ gﬁstf?ggngltd,e é.ﬂn dhg hf®ther glass
s S S

whﬁ?r%géb% S%E:-I.ED <§p° e SEFPanﬁPEﬁ?i‘%‘Pagifg(%q"bi"alent
cutt@r‘t%etélickmp)ssl of pthus pdatand wnentmb adcrliga:lmlgecutter 21
| I nﬁa&éﬂeé AelRe: £ sﬁ%ibeaiﬂeaa g H.‘:? &E.—‘rég: opy, While

a vertical crack exten StHTer
t h| %ﬁﬁé’%@‘-‘- Tinedeiformedialong hhp Sqwrtdwéisem:i.an, whe mother

t hegmu I%hlb&t&lﬂtﬁae{ a::.nﬁ% Mﬂ?@:@ﬂofé ehbhl £en¥bbindbecurs

eof d%% inadirectio
hen cu er t:l.p moves onto the glass substrate along

the soribe line in the first direction at the croasing point

of the scribe lines in the first dlrection and the gacond
direction.

In the scribing step aceording to the embodiment of
the invention, the pressure applied to the mother glass
substrate 1 by the scribing cutter 21 when the curve portion
1ls formed is lower than the pressure applied to the mother
glass subgtrate 1 by the scribing cutter 21 when at least
one of the scribe line formed along the line L9 to be soribed
and the scribe line formed along the line L10 to be seribed.
Thus, in the scribing step according to the embodiment of
the invention, the pressure due to contact foree applied
to the mother glass substrate 1 is reduced since the s¢ribing
cutter 21 is circled. Thus, when the scribe line is fFormed
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orthogonal to the line L11 to be scribed while a track

of continuous curve with a radius of approximately

Immis formed at a corner part C of the substrate |a

wi t hout spacing the 5 scribing cutter 21 fromthe

surface of the nother glass substrate 1, and then thempozs
scribing cutter 21 is pressed ggd- rotated al ong the

line L12 to be scribed. The scribing cutter 21 (e.g.,
cutter wheel tip) is pressed and rotated along the

| i nelpeg the Fdrstrdieaition, a weriizal crecksréaching a depth

vw t HE§QQQ1M§EBE9%q€i@£feﬁ‘Et€6‘dEH@ t@gdx{neérgees %‘Eg@ﬁ%zﬁ.?gte 18

ness djrection

be aptitprmef Atnkhe cpEnes@ Rt ﬁrp% theapether gdasgrepkstrate

on fhe TRG&PLWhehaste Edbibﬂ.ﬁbﬁztﬂl&éx 2 KRG ﬁaﬂ%e seribe

IlniilncI#dln% fqg{ % ht scribin i nes and f

cur vagS | HHRAd the fpra é'°E’1 vy @r@ﬁﬁébeo’fi’tﬁhés formed

subaﬂ.nagetha bycpadf&imﬂﬁibﬁe smuhomeﬁtgpawcgimfhgata 1
i;oent t f or ch of

t he otﬁ %%rig;g ofﬂ%ou?h'gs{1 éﬁ%érrq%ca f.p pq‘ng at the

cur?EﬁﬁﬁFhE BnGF&Ghngnfbhc motheghglssﬂlbuhgtrataek ¢an be

f or gegvbptg8ach circunference of the other three of

the four substrates la by performng the scribing step
according to the enbodi ment of the invention. 25 After

t he scrl bi nﬂfﬁ&fptl@é?(?&&ﬂé@ﬁéﬁ dhepeabaci- MRty aftide 21 is

|nve $n i s orneggfor each .of four substrates

Sa peth At anale 4 B20.4eIrraRy | RaorpeRthing cutter
gI a2l iss umnamaécﬁgbgh@@f&@muhe Dieao be StfPbed along

£ hoehd il ardBck 38 AR AN Ebo R Ea b A0 A M 90 0xthogonas
i nv’éﬂtherlilwaremtgﬂ:efmimmst Theesridicanciet dx 2 ds gyyessed
40 a0 100 1g1%nQ tH80L1AW 193° B o' 621 Q- Pled NCahAUL goxibe

substrates Is
1ine with a vertical crack extending entirely across the

thickness direction.

After that, asin the similarway, the scribing cutter
21 1z circled with an angle of 270 degrees in a direction
orthogonal to the line L10 to bs scribed while a track of
¢ontlnuous ¢urve with a radius of approximately Imm is formed
at a corner part B of the substrate la without spacing the
geribing cutter 21 from the surface of the mother glass
substratel, andthenscribingcutter 21 igpreasedand rotated
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 is formed with
a2 vertical crack extending entirely acroszs the thickness
direction.

After that, in the similar way, the scribing cutter
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or a region other than regions of the four substrates

la. Heating a region can be perforned by, for

exanple, a heater, or |laser beamirradiated froma

| aser oscillator. Cooling 5 a region can be perforned

by, for exanple, spraying a cooling nedium(e.g., MDO026
C02, He, N2 and the like) to-the kegion using a

cooling nozzle. After each of the four substrates |a

is out fromthe 10 nother glass substrate 1, the four
sub2dr ABegiraled ovith rane\anglaofH R 70hdegueher 1yl asdirection

subsktAbgohalStHlt e ‘}.@i.rr{é &IJ.J.' N Wl BGrapbar wﬁ?ﬁi‘gp%.e»f ack of
avacuu¥1adsorb|n Ef The remai ning portion fe
mot FgPtdRYQus Bh 2 FadiNg At APRIREIMAtalyalmg 15 Sormed

ar eates réeyesk uﬁ:d: SCAE UElfe afutAittHNCARS GAkKoRE! £hABing the
IS gg?igiﬁ |Is f %reak step will _be descr] bed
| at &r geFP g EovnkggaFuggf??n@fsF%%,m°ther glass
i nf guhatrone 0 amdqthen(tﬁe)rsqt@bfimrgngﬂgtéhalﬁﬂrsi bksgsed and
ste t r rdi sha n

i nEokhBoaBiRHY the LIGOLTA 0o HAMIAY fnd 13890 10G cutter
|nf%?nﬁ?r@nrr%@ﬁﬁ%ﬁrﬁh%ﬁlltkpioibeprsssedmﬂﬂdlubtaﬂedralong
t hetkantard kan 64 vy bei:ii:@dt h@n%%f EQEEEQOf:U}é)fiat gglz"xged with

scribin The scri bi driving no

is %oﬁ?gﬁi &8 GFRCE r YT R biEe Ly AIRPES the thickness
condioéétiloni n 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, thelmsdbils waycutherlies LovDaed tal ﬁagaé:hﬁbed define

A ”@'a* Babio il RSELe LA G BNl ShasR S UISL LA S hrae
bkt r & &lpsedncupwedciineninsleding cioult et raighte scribing
emmphé@ fﬂn@ffouEhEuWHE nii% %%ror?ﬁ%z% B'E) 4 5 ﬁ.@&e rence

‘?# ﬂg the - e SCr
t er Htake %W&ﬂﬂf%@%@ Bberanmibing step according

to the embodiment of the invention.

As for each of the other three of four substrates
la, a closed c¢urved line including four straight scribing
lines 1s formed in each circumference of ths other three
of the four substretes la by performing the scribing step
according to the embodiment of the invention.

After the scribing step according to the embodiment
of the invention 1s performed for each of four substrates
1a, 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 aceording to the embodiment of
the invention, each of four substrates la can be broken by
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1. However, the scribing end position along the line

L12 to be scribed can be either a position on the

not her glass substrate as shown in Figure 10 or a

position near the and 5 surface of the nother glass
substrate. 10 Furthernore, in the scribing step MDO26
according to the enbodi nent -ofggt he i nvention

described with reference with Figure 10, the lines

L9-L12 to be scribed are straight. However, the lines

L9- heatinoh@rs cocddagarechotreglont ed the foakr BuBBtrates la

i ngr aArebeast of’ﬁ@roéhﬁll?eré%urvegpgﬁ’ e tf%ut!)_-es% Li08den ia.

can_have a strai I ne
contieflingnz ’%ﬂgjtqﬁ!ecétl k8 gericrmeddry, 1fl¢e' eumblel imbeater,

15 amuaeeilweﬁﬂ@&&aﬂl\@déd @%ﬁ&%&@'ﬂéﬂ&%‘t‘% V"“&Boling

a scribe,line is éthe scribing cutter

exafpt 2919 SBRPL R?EfﬁEE‘F Whefer g TUPPERYLRG g §ool:lng
pr egedduander gt atEoh,0Hed W) and THBSLIR P € ﬁud Re®1éR using

th'%b%%%iigf %cz;g%1 the bl ade edge 21b of th
[

scribing cu penetrates approximtely 6pn1from
the surface of the glass substrate 10. As a result,

the reacti ogefQEGEdy g? ihe é%ﬂ&s ?Hbgggét?ﬁtleao%s &8t from the

small. Thus, a vertic cra
0. 8Wﬁ}?°@ﬁ%ﬁﬁﬁﬁﬁhﬁt§§¢¢h ttiiesf owrysubbtrates deigne pétrieved

Pr Obuttd HEBe m&%%ﬁ&@ﬁﬂ&r%éﬂ& EElby g.jéllﬁ:fi%:hfncluding,
scrizbi_ng cutter glve a pinpoint 1 npact on
gl ag8% T S L. eﬂ‘mc’ YRgdsorbdng nasn®,  Fhesiemaining poxrtion

g habfathermatinéal gIE%SE lsumm&éi ll;l.e FrSm! na%&ﬁ?emi gauﬁé’trates
or n ass substrate

e sl B8 Pt iEaPbh 75 “afuphrdefloaf phuannacereary Fertion.
possibility that a chlpplng and the |ike occur in the

circunfer en'fﬁe %‘%ﬂv o tfigeb:?géﬂf eg ls'tne%s w:l.(il Be described

forned. -
later,

By performing the initial setting st ap, 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 ang the linear motors 37 and 38 are controlled
inaccordancewlththe positionof the table 31 andthe position
of the mother glass substrate 1 which is placed on the table
31. As a result, the scribing cutter 21 is moved aleng the
iine to be sc¢ribed set in thé mother glass subatrate 1 and
a scribe line is formed on the mother glass substrate 1.

In the seribing step according to the embodiment of
the invention described with reference to Figure 10, the
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Figure 113 shows a vertical crack and a horizontal

crack occurred when a scribe line is forned by a

scribing cutter 51. 5 The structure of a scribing

cutter 51 is the same as the structure of the

scribing cutter 21 except that a plurality of MD026
protrusions j formed on the blggde. edge 21b of the
scribing cutter 21 is not formed on the bl ade edge of

10 the scribing cutter 51. For exanple, in a case

wheliné hd2derbdsagibed termitaties onotheflothet hd aglsantbstrate

subgt r?—ft M h 2 s‘:@i@?ﬂ?%yf ﬁ%a}.mn 416n bl?%gsline L12

edge’ o e scrining cu y penetrate
f r of® the srifbedecon bhcettbes = postitdon ¢00. the rmther glass

r esb‘ﬁ'ﬁstr&‘té! ec[é 's‘?ﬁ‘:’wnc &ﬁcfiﬁﬁkﬁ M @ S pBgst2BhYnéar the end

dept h of Mor eover, horizontal stress
canS‘B’éfﬁ%'ﬁe?%t%‘EP a'F‘?)'Wbe%’ Helazs raket@¥ta he gl ass

substrate 10. Therefore a horizontal crack occurs

due to a react,j.on force,in hoy.i zont di recti,on 20

al ong the ’fg't"e“%ﬁ et‘hé"“gFé %‘E&ﬁf‘?%ts %aCEHFBgPﬁgE" the
andembdddheke ot dive dnviendionr duaﬁtibldavpuﬁtrm:ﬁénue with
th I n t h| ,.the
LorTEfEe 16, el s SB o il (AR ld G erptant
ThLEOWQWe the ﬂénp@sbﬂbhﬂ-ﬂttmt'ﬂmtﬁc@mw ngs potl 1helted to
|i k@sRea¥EneA1hle SKE &es-:.%tfa‘néJ?FﬁH*iih@%&.%-:.%@é%%%znea

on the .occurrence of hori zontal stress

i n $9R TRYS 7 RERAGh acki fy rresdinmed meomiination

t heof Ned {61t 4.h 1 BES!Endl Uthd @l Clideor ce appl i ed
to the nother glass substrate 1 is reduced because

the scribing cutter 21 is circled. Wen the scribe
line is fcﬂirgaireanmnmltdsm fa vertiloakairank whivhr bt6ats when

cra&:KS# ent to t%e pléz:\%g?q’]t%g _ﬂ,?é)té’]crmnog)(lcnﬁé lly 21,

equl va ness

For example, in the case where the scribing cutter
21 iy pressed and rotated on a glass substrate 10 with a
thickness of 1.1lmm, 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 arack with a depth
of 0.8mm-1.0mm occurs.

In this way, the plurality of protrusions j formed
on the blade edge 21b of the scribing cutter 21 give & pinpoint
impact on the glass substrate 10, Thus, thers is no
possibllity that ahorizontal crack occurs due to the reaction
force along the surface of the glass substrate 10 at the
time the soribing step is performed, There isno possibility
that achipping and the like occur in the ¢ircumference portion
of the scribe lines to he formed.
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in the corner portion A of the nother glass substrate

Is not formed. Thus, when the scribing cutter 21

reaches near the scribe line along the first

direction while a scribe 51ine is forned along the

second direction, the nother glass substrate 1 does wmpgpzs
not sink. As a result, occurtegge.of a chipping in

the nother glass substrate 1 at the crossing section

can be prevented. 10 Furthernore, when the nother

gl ass substrate 1 is scribed by the scribing cutter

cubst rat 6 1 BgUPR PERHAA, Cfep koot Sl End) 3 Rgg sontas

Thusrack pgcpszsfipvhenqa | sqﬁibewéameo st formedr byyi agscribing
cut &gk +al 89d damage to the scribing cutter 21. 15
Therefore, the scribing cutter 21 can be stably used

for 1long period of tinme, Figure 12 shows anot her

exanpl e of Yheestiachers ot Qeciac:fi(ﬂiﬁﬁd ot tee A0 Bethe same

I bstrate. 1 b
acoararHe " PEeRERERoBE: hin Soribhad FRtERr phuerernh, that
I 2 Phurséﬂ-ltb‘l of waﬂprlmm::jljngormeﬂﬂen etHO G 1 edge 21b of
t e+Rhe e r
giHEeagBiLIRCRkE PRy (57 e 15 Worie LR SRE R1Adp pdge of
be §BP|B§HiE$nErQUt§ﬁﬁe§1|n the same way as the
scribing step according to the enbodi nent of the

present invention described with reference to Figure
10. In a ca@%rmlﬁséﬂ%&qﬁ%&’hﬁ§ef%hmﬂlw ghtter 51

30 Lnelieden Emesglweéubblnea%eumm{h@thﬁciﬂéﬁf% 1.lmm,
alog EfﬂhlnedLg t e sc gqcont uously fromthe
p05| Br 8P hRE s ?b?ﬂﬁi% ?e?“ eF 5horrly gperetrates
neaaml’ﬁa:omuthedmnfacd bf redgiastanthstrdtfee100t IS a result,

0 2E8eE 18k ki M gl AP AR B A0 I 1
cut ¥ereoverphorigantad shneascmdie ghneratedalong the surface
of the glass substrate 10. Therefore, a horizontal crack
occurs due to a reactlon force in the hoxrizontal 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 soribing line is formed by the
gscxribing cutter 21. Thus, there is no possibllity 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 i1s reduced because
the scribing cutter 21 i1s circled. When the sceribe line is
formed along the first direction, a vertical crack reaching
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gl ass substrate 1 at the start of formng the scribe

line, 5 do not affect the substrate |a which becones a
product. The scribing cutter 21 is circled with an

angle of 270 degrees in a direction orthogonal to the
line L9 to be scribed while a track of continuous MDO26&
curve wth a radius of 10 apprgxidsrately 1mmis forned

in a corner part A of the substrate Ia and then the
scribing cutter 21 is pressed and rotated along the

| i nthe dentth meRraNizadelyTequdvalentgtoutherpRite thickness

(€. fn, tRatdSEnabesd Ly Aaof”ﬂgss % éﬁfﬂse%ﬂﬂEte is

t he Jelne L10 to be scribe Ine 1s
f oret EArmiedes Zhyey twhen theasrrihing (it ash @l segches near

acrehé &d@eihdi Tine BRI lﬂ{b fTﬂ%@Qﬂféuti%éwi% ld srive
alojg%f g%llnes I(_)#qa to_be scri bed

di reet? o SPEmBESHAnY herESPPRE T ORF 4R o s hepe Hher glass
I s dubsiechte 1hdoes dest odinilbe Asna kbkbule ,beccutiehed of a
21 ShSplagut thd BV drieh Beial Y A7 R Fosstag
surﬁ%’@iomfcamebmmergtmts substrate 1. In a case

where the scribe line along the lines L11 and L12 to

be scribed is formed, 25 chip EI ngs on the nother gl ass
substrate FULhesmazsoumhefethet motheri &1ags cinhetrate 1 1s

| S mmwaytm SuEinchg Ghutitas D! hae ngéﬁs'ﬁﬁx Ebﬁéé%tp%lied

aTte e start of formng the scribe II ne,
af f et T MATHRT (HhaF g FURA TRt do s tgwprs&ﬁ;aings@qtﬁer 1
thusnmme radoceded Thuzpedit iite poaeitdiengof Dilhit wear on the

st r@t.:%m %gs‘% g :@&}%W%& {ﬁﬁ?he cireunf %‘&&ce 21

acdﬂrfmeﬁyree.o thﬁe sgpriddinge mutdfext 2 pmsem summyt used for
45 1 vty f Eﬁ@ of the other three of four
substrates 1a, a closed curved line including four
straight scribing lines is formed in each

ci rcunf er endgnide i ehekBendtNefexample of 1ines to be scribed
formed on the mother glass substrate 1 used in the scribing
gtep according to one embodiment of the present invention.

In the scribing step accoxding to the embodiment of
the present invention described with reference to Flgure
12, soribe lines along the lines L9 and L10 to be scribed
are formed in the same way as the soribing step according
to the embodiment of the preseant inventlion described with
reference to Figure 1l0.

In a case where a scribe line is formed along the
line L3 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 cutszide of
the end surface of the mother glass substrate 1.
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5 of the four substrates is by perform ng the scribing
step according to the enbodi nent of the present

invention. After the scribing step according to the

enbodi nent of the present invention is perforned for

each of four 10 substrates 1la, each of four substrateypozs
is can be out from the nothergglass substrate 1 by
perform ng the breaking step according to the

enbodi nent of the present invention. After the four
substrates is are cut fromthe nother 15 gl ass

substrate ]cqfaébeirg%&% ?ﬁi&%ﬂteﬁsgﬁ.a%saé@bgﬂa[ﬂeei’ edni bR Dacur

t he not her
i norhen fhe ﬁ@ibﬂélaanbtterélxmmwad@m punfaneafsthgmether

fe@é‘éé‘%xﬂﬁﬂfﬂb 105+ 1 16a TRDRT o §§§m§HES'ElEé‘taeczfiHHnline

V\,hl h the four substrat es are retrieved di scard
R RSl (vt rtuRFEr SR |1 (el gl é%ﬂaq'fgwstveproduct .

according to the enbodi nent of t he present i nvention,

h of f bst.t gt 1 b b t
o cool i ng e HorebEng sRErRE 3D Supeird Bt ap ghate of
r e@ T degrmed uanaré:grmnsimi dfmdgmga:s&bsthatmnafns to be
la. X,
aa %éeﬁ.@eér&'%ﬂ% egl 1 Sﬁ‘rl::é) E it il.nt o) ghg ﬁéglg Xy %d%.us of

aser eam Irra
0s ARREANHmat i L d s£ qrmadhn mmmp«nrb Armstithe subsitrate

exawlahd LMedy the sér@ﬁ@hbnguﬁghuﬂ (fs pregsddBnd ©otated
N2 and the like) on the région. using a cooﬂ

noZAe §6‘°lerén&e¥'épl'§° dre srrEdibedaki nﬁhgt%ﬁ)‘?%’ 19 rautter 21
des(c&.lgle,d dititi whedll thP928s pReddied SEiid ¥dtatdERIong the

accor nbodj nt of resent .invention

degltc:)rl g%%f}[% lae él't&n;gau'g(%%% S'é" s FPEMgGe Wi th
t o xovmextickdr ceragipl exdendinge emtiwslyl agstoss the thick
.SUtHS.E:.IéHﬁJn.i s reduced because the scribing cutter 21

i's

Thereafter, a scribe line along the lines L1l and
Ll2 to be scribed in a direction orthogenal to the line L9
to be scribed is formed in the order of the line L1l to be
scribed and the line L12 to be scribed bﬁr the seribing cutter
21 after the soribing cutter 21 is spaced from the surface
of the mother glass substrate 1. In a2 case where the saribe
line along the lines L1l and L12 to be scribed iz formed,
chippings on the mother glass substrate 1, which cccur when
the seribing cutter 21 is moved on the surface of the mother
glass subatrate 1 at the start of forming the scribe line,
do not affect the substrate la which becomes a product.

In thiz way, a closed curved line including four
straight scribing lines iz formed in the c¢ilrcumference of
the substrate la by performing the sc¢ribing step according
to the embodiment of the present invention. '
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5 circled. Thus, when the scribe line is forned al ong

the first direction, a vertical crack which reaches a
dept h ap- proxi mately equivalent to the thickness of

the plate in the corner portion A of the nother glass
substrate is not formed. Thus, when the scribing MD026
cutter 21 reaches near the sgriyde 10 |ine along the

first direction while a scribe line is formed along

the second direction, the nother glass substrate 1

does not sink. As a result, occurrence of a chipping

in the nother ass.,suhstrate at . the crossin

section can}t%ef ng\(f(le‘nF(%d%ETS‘:ﬁﬁFFhE}%ﬁ%?e?gvﬁoe‘ﬂ‘gt%“rates
not ks gyl clasarliigsnvade Linesingdnibeg Hyut hetmcighol rgeribing
cut ifﬁegliatf@:ﬂ?élc?gia‘l 0" Efr ARt d Fidh eod %Zélr@:cégﬁ:fﬂggr three

gl ass substrate the scribing cutter

r ed€ cehe Hix subsityaiessily byt perferningathesaribing step
SCrabéogdLag t €6 e MitbsPRaet t OF L #ie SFdIU{Y HiWdBiion.

21. Therefore, the scribing cutter 21 can be stably
used for long period of tinme. Figure 13 shows yet

anot her exapte thelsdething atep’fcserdies thothe@ntbdiment

t he r_al S rat.e 1 used ip the,scribing, st

ac&%?g%ﬁg P%egﬁgte#%%é Btﬁkf{h%@ﬁﬂn£°Fn98ﬂPiS%Pf°“:

| n sukstraten ngp .steachaofofdurg stbstnatenbbali cemtbefcut £rom

30 {1 mofBeg 1 | SE iy ' e

o e e RS Lo d¥ Bl s Al nE Uy Rer e dd He B Eaking step

Lo-2a%0king ta cthesnbodinaint cof tihe foyesend iinydnidan.

are referred as the main scribe lines M51) are forned

in the sa - 47 26 the ones in the

scribing gf’@%’a%cggmﬁ%? F%ﬁgﬂ@ﬁﬁ&& AEStCUHErofethe mother

pr esbid s isnbetirate Iethk Hedk $ubytirefteaels arleorét fléfed £rom

ggbﬂgc‘rml rté:teli'egfglsg sstl‘gséttJ:'e.stgel e&synsé aaagrfr rege fx’lcluding, for
eXample, a vacuum adsorbing means, The remaining portion
of the mother glass substrate from which the four substrates

are retrieved 1s dilscarded as an unnecessary portion.

In the breaking staep according to the embodiment of
the present invention, each of four substrates la ¢an be
brokenbyheatingor coolingeachregion 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 osgcillator.
Cooling a region can be performed by, for example, spraying
a cooling medium (e.g., CO;, He, N; and the like) on the region
using a cooling nozzle.

The details of the breaking step will be described
later. |
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lines SS1 including four straight lines are forned

outside 5 the substrate la with being spaced fromthe

main scribe lines MS1 by approximately O.5mmImmw th

the main scribe lines. Each of the four straight

scribe lines included in the main scribe lines MSI  upgag
and each of the four straight geribe lines included

in sub-scribe lines SS1 are in parallel. 10 As

described with reference to Figure 13, in a case

wher e sub- sltrr the ddmidsi n§odté&pravebrdiny tite eiboddaRat of the

fr i e Jdi xi mat el
%%ﬁefm’n a S ess 4%4133%1}[#@&&%%1 a :Eore?grﬁ F:l.gure 12,

d| rie @TrieEFuder Aoy divacond acitef oBodi anptiesh tof themmther glass

scrgbgsiidies mg %ﬁ&é@%éﬂu&é“%#?g&%’ibiglga tter 21 is

substrate at the ornhéi sub-scrib
ss1einet&shpr 3§§|50 gy Blae gerd benlinrels dormed qavmg tha fixst

ﬁ/{s 1cmr|e@rridrc al ac %&Ftwallc host 28 5wh DEn 'T%f%c%@ hft bHbPeR ap-
alr ssion force acts on

t he"%ctﬁ’re'%&q%elﬁb Pﬂfqgﬁaéﬁngft% %@Fiaknﬁaaﬁ WrecRlake An the

t hecomiar sortbe? A oe&ﬂﬁgthertmsrge@@bsefeaf@ H@&EndE EE%rmed .
n [t r in.a directi

ohi e paealicRls bOEAKEHY SRELEESL addbifod s ' Whrave

Th e¥lgtppdonghthe §lretadirestkon vthdigsa soxntite Lhnhekis formed

di recdr P déﬂ%nﬁﬁ&fﬁ?édﬂ c?%%k rea%ﬁl 5 substrate 1

FurthernDre the 2 vertlca
surdeRBERGE F4NK noPfel TRHELE, sesYrrange of g:uﬁbinping in the

showtheri g eduriete Df af théeckesEfngSﬁEblﬂign can be

formed o not her gl ass substrate used
scHBIIRPF R st ep according to one enbodi nent of the
present invention. In the scribing step according to

t he e”bOd'¥%E&h%Em t%ge Lesegﬁelnv t|o the qcribing1 is

cutter 21 i's once

gl @&srihessby the s_cmm puthkertdhetbhé :ﬁ:@unm fobes applied

gﬁ't?:sgl‘ml@ RetheRe51ME3 S08stPEed! Pt WHNG Y cutter 21
can be reduced Thusz, 1t 1s possible to limit wear omn the
sc¢ribing cutter 21 and damage to the scribing cutter 21.
Therefore, the scribing cutter 21 can be stably uszed 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 desoribed with reference to Figure
13, first, four scribe lines along the lines L5-L12 to be
scribed (hereafter the four scribe lines are referred as
the main scribe lines MS1) are formed in the same way as
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lines SS1. However, as shown in Figure 14, the

sub-scribe lines SS1 can be forned continuously after

the main scribe 5 lines M5l are forned w thout spacing

the scribing cutter 21 fromthe nother glass

substrate 1. Figure 15 shows yet another exanple of wmpgze
lines to be scribed fornmed on-a_nother glass

substrate used in the scribing 10 step according to

one enbodi nent of the present invention. Like the

SCriHe rmest @ #heos6rNfihg étép cldmsiiamy tofthdhembodiment

D2 5% Fhe PEESAE AR e Rt i ved WY RfepRefnd i rioure
scrltbe Afternthe mnaserﬂ.barmthea M8d ahe fowmesd | Gubrdcribe
LlQI.i!bep%Sicihgigdi%ass Ssa'%gxt& eﬁ.?ﬁe?cifgcﬂﬁ.gﬁ%& batside

21 fromthe he s
cutthg sghSFgagﬁa?@eﬂ ik Gaﬂitrwgesmﬂréffrogn e madipsse lee lines

1 ﬁ@’!ﬁbﬁz\ﬂﬂpbﬁﬂﬁﬂ.ﬁhﬁgl‘}td S rH 1 e Rd 1%, ’thEQﬁaiﬁ rsafmﬂ lines.
r&gﬁ@lg&scrl be lines M5l are forned al on%ﬁ
B fopr sk-paabi, FERtPHikiRAR 18540PRE Hﬁethe main
scrsclm‘:lrtga mugtseulsjz lrfd Qm:hh@f r?i& fbg&' ﬂﬁﬁ?]:ﬁgﬁﬁtédﬁ:lﬂ:el lines
&S i,ne i nes re i n the si
st ep’ a?“‘f"ﬁ% TSP ES Iﬁﬂ’@f %%@ By l?raé:‘%'egﬁows
ni ne substrates |la arranged on the not her gl ass

substrate ke BaLoSXBURlatH ReddEenbal 16 ﬂgg&é’%t | 20% case

in the |ongitud na irection o
subdiang sub-sprihe Yass §83 Soxmeds Wi hohedagh sprced Erom

t hrteﬁrﬁamaaﬂsa ﬂia;dsmsﬁbfﬂ%@bfoﬂma%& ES5 i\t N8 stress
t hree j(sﬂé gstrah%la are  forned ong the width
di st qfﬁltqga qrth ogftgnal to the
IVD(MG:ed‘tEbdn. of Iﬁoﬁ:h&ng@ﬁﬂia:ie Jﬁméﬁ oh tHe Elieface B:)f the mother
[ ec t he r g{: str
cr :ébgﬁﬁl F}Ié:gjtare "?‘&ﬁi‘& ﬁ b-soribe Lines
Suiﬁlr.at Ascompreas slepcinfae a:o:rtdeon 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 Msl,
the reaction force acts on the bottom of the vertical crack
inadirectioninwhichthewldthof the vertical crack extends.
Therefore, the vertical crack extends im the thickness
direction of the mother glass substrate 1. Furthermore, the
vertical erack reaches the back surface of the mother glass
substrate.

Figure 14 shows yet another example of a line to be
scribed formed on amother glass substrate used in the seribing
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
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5 so that the three glass substrates la are forned

along the w dth direction of the nother glass

substrate 1. Finally, in the other of side portions In

the |longitudinal direction of the nother glass

substrate 1, scribe 10 lines are fornmed on each of MD026
three substrates la in a specijgc- order so that the

three glass substrates la are forned along the width

of the nother glass substrate 1. Figure 17 shows yet
anofhem taecamptkenglaissesut ot et e l&sméehedhéotrm::ﬁrfoming
they ADRESE 2353 SHOSS dflgi SP& t|fh% 'l%]ﬂr?a SEEL tnggﬂ%'x%psub scribe

accordi ng tO one erﬂ esen vent
Fi gﬁ%@eaﬁ%hom@meﬁeg.ms shewn n E‘d-gtwes&ill. bthie faatb-acribe

Cut1ingstdsr %&?ﬁbé%@ﬁmé& @d}pti]:ﬁld“dé %'ft'c? @gﬁlezﬁ‘éin scribe

20 from t he not her ss substrate

h .
zc?ﬁﬁ*ﬁﬁ K3l 2Fe Hoxrmeq, @&u‘%\rﬁm%w dehepaFibing cutter

not Akr £gbasthe Uhsthet egladd ongbd+eatds NEs L13 and L14

to be scribed with the above-nentioned irregular

shape wi thout 25 being spaced fromthe nother gl ass
substrate IFlgunsrld sbbys yetr&ﬂrﬁﬂémmmﬁ;ﬂl& off lines to be

supsey e §0eRaUa b BERES ol el RurER e s 1R AR she gortbing
shapkap asmerding thapne enhadinanbhofshhpepresenndnwation.

a straight line and/or a curved line. Figure 13 shows

yet anot her exagﬁll e of lines to be - 50 MD026
scri bed forlnte e RETABLRg s tpmascorddngate the pmhediment

scrd:bltlin@ pﬁé&ﬁnﬁenﬂféﬁmﬂ aeQEEiBEBQ’Fﬂ.ﬂFE‘efﬂEE?%@ to Figure
i nes -

" SEas dp, st dh rAELt T PRYERg TAS AT dipribe
| r r-‘aigmaHSihape Hormead h.tongﬂﬂheltigéasss aidLIate He seribed
i Sladd Sptis by skl S ELt B3 on 152" ad e srane
of Jykstrate 1, the scribing cutter 21 is spaced from the mother

glass substrate 1. The two remaining stralght scribe lines
included in the main scribe lines MS1 are formed along the
lines L1l and L12 to be scribed without spacing the sc¢ribing
cutter 21 £rom the mother glass substrate 1. The sub-scribe
lines §S1 are formed in the similar step as the main scribe
lines MSB1.

Filgure 16 shows nine substrates la arranged on the
mother glass substrate 1.

For example, in one of the side portions in the
longltudinel directlon of the mother glass substrate 1,
gceribe lines are formed on each of three substrates la in
a specific oxder so that the three glass substrates la are

formed along the width direction of the mother glass substrate
k I
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10 substrate 1d with an irregul ar shape. The |ines

L15-L18 to be scribed are curved |ines which have a
predet erm ned degree of curvature and are provided
fromone of end surfaces of the substrate to the other

of 15 end surfaces of the substrate. First, the MDO26
scribing cutter 21 is pressed gopd-rotates on the

surface of the nother glass substrate 1 along the

line L15 to be scribed to forma scribe |ine.

Thereafter, 20 the scribing cutter 21 is pressed and

rotates on fley SWi ages ?én{lgeﬁ g&:p%{ dglﬁstr?euﬁsc}r{qaﬂbt%dinal

al ong the lines' L16-L18 to form'scr

i n'ééreﬁséaﬁaﬁ opymother giess ruhetoatd 1, segdber lines are
Shaﬁeﬁmeﬂeoﬁfb’mﬂﬁ ofzih%ﬁeéubgﬁﬂ'aﬁ:ﬁﬁ ghapg é’faﬁ’ecific order
rectaggl} % tg clude a straig l'i ne and

cur¥ héhe resr%%&?ﬁga%h%fprw%pﬁaf f-@FmE#HElOnEI the
detwi@thoditsetboradd Nhs tRPthEE CHI A & G dWs tfre 1.

enbodi nent of the present invention will be

described. - 51 WMJX026 The breaking step is, for
exanpl e, pefinakiy, fir the otsiherf gliaks pusisitora dal the

W' t i‘oﬁ%ft ﬁ&ihﬁ’fdifggﬁi%ﬂ Eﬁ%etmr3@€%l§¥ § Luﬁgﬁ%at:% WNM%Yeribe

ter the scri
of greidormed onseich of threamubatinages 1a in a specific

t el’m&lﬁf woet Bt fitd ERteetfl 44/ §ﬁb§’£|@@@§b°ﬂa Qe H&nged along

er ssbtratellsspraye ontothesr
o f‘g:l'%éﬂ MQthar LAaPS i HRE i

portion 52d of the st eam gener at | ng appar at us 52 shown

vertioal O duslizs 57; BRAVR Faf GEURET cAREBip RESLneS to be

ext@grilbed fhemeﬂiomkttasmotuergjtamsmbstﬂnﬁe noiehe scribing

glr ng%s %Jﬁﬁngltou}?e UnfE SRR 62 Qﬂéopz.gehseeﬁ/ter:l.tﬂ\r%%tion.

Flgure 17 ghows lines L13 and L1l4 to be scribed for

cutting the substrates 1b and 1l¢ with an irregular shape
£from the mother ylass subgtrate 1.

The scribing cutter 21 is pressed and rotated on the
mother glass substrate 1 along the lines L13 and Ll4 to be
scribed with the above-mentioned irreqular shape without
being spaced fromthemother glass substrate 1. Accordingly,
scribe lines with an 1rregular shape are formed on the mother
glass substrate 1.

| The above-mentioned irregular shapes are shapes
other than a rectangular shape and inelude a straight line
and/or a curved line.

Figure 18 shows yet another example of lines to be
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15 openings on the order of mcroneters penetrates

into the vertical cracks due to a capillary

phenonenon. The penetrated |iquid expands (vol une

expansi on), and thus, the vertical cracks are

extended toward the back surface of the nother glassypgzg
substrate 1. 20 The nozzl e u_ni5§ 53 including a

plurality of nozzle portion é% can be provided on

the gui de bar 36 and steam can be sprayed onto the

S urémﬂal &d fb_bﬁe&%hﬁif de ﬂbﬁﬁ&ﬁ%ﬂﬁ_ g gﬁﬁst%a% 1t €hedcribing
scripe line_i orned (se ur : e not her .

o AEER AT o kP Gl tER PR dRvent ion.
lines fornmed on the nother glass substrate by applying

a pressure f%&zﬂe :I.Pgérllﬂntgxsds %%Siiﬁugﬁié‘-tﬁ@'%o‘“ﬁ{;g%%wea for

scribe Ilines are froma surtace opposl
t heclhieing &hen s8bakmpghst hd with g Lrgegudps shepedErom the

W tiorK el ovd £ el &-St£N generating apparatus 52.
Furthernore, as a cutting assisting neans, the - 52

MDO26 scribing head may include a |aser oscillator for
hfatl ng tiEadchiEbiig jmﬂwhnmghn%ﬁat$ ftﬁ?g_cbﬁﬂﬁﬂl:gﬁ R ided
of steam.in_t scrihin ead. e scrj.bi.n e

28 PR rermendC LB e Jodke GRS, oo Atk Fothip® of the
I n sliesoralnsli b witd dmhadqreseldr ishapd. on, an exanpl e

has been descri bed where the breaking step is

performed after the performance of the scribing step.
However, t Hdeokinas hy5-b18 o ke goribediamec-unyveklpges which

perdArdred prialds takidheliN8e 42eRCbE OLHPREnAE A are provided

scrj bi ng step, I as a vertical crack extendin
fr

p. As | on
QM O 9H, £ ﬁegge&ﬁseseifehaeiwwéﬂm dihghe other of
di rernd i - icdd B Wi rAafstdatdr ayi ng a heating fluid

havi 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 scriblng cutter 21 is pressed and rotates on the surface
of the mother glasg substrate along the lines L16-L18 to
be scribed to form scribe lines, respectively.

The above-mentioned irregular shapes are shapes
other then the shape of a rectangle, and include a straight
line an_:_i/or a curved line.

2-3. Breakinyg step

Hereinafter, the details of the breaking step
according to the embodiment of the present invention will
be described.
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a tenperature sufficient to expand the substrate on

which the scribe lines are forned, the tine of

starting the scribing 15 step and t he breaki ng step,

can be chosen arbitrarily. For exanple, the breaking

step of spraying steamto a scribe |ine can be MDO26
performed while a straight ling is formed. The

substrate cutting apparatus and the substrate 20

cutting nethod according to an enbodi nent of the

pr esent i rgnbreakiny e tageds feway éhﬁpléﬂp@i@omed for the

e vention he
ol ARotEE e gh AR by (BN 58P hp2 Mg b gfheg thereon
di VPBithe aorlbingtatam. to be cut is not limted to
one. The present invention can be applied to the case
where the bonded substrate forned by bonding a first
substrat e #fiterntbecentibebiinaescars formed el dthe lines

| NVIRJU Y, O +69%0e R r 13 | Sge%ﬂ ﬂ%ﬁn‘iﬁ%%&ﬁ{@e %?&%‘.%ient

substrate can be out 30
di st spuparaRangdicshof $he mopher alafﬂsasuwm’aq lpbaeprayed

or gt thh sl&%ﬂ.@k&iﬂé@fgi‘ﬂbﬁ i R e §pra£réﬂrﬁr3t§§h¥ fozzle
pro ector ssubstra es, reflective project

4% ofnEhe| REeam gane %Waet'-’.@ Sghahown in

a Fﬂsfmf 7a ”Bwar dsﬁimd fat eh?%ﬁiw JARRAY fablé&é:icul
ca n e al e | C |1 S 0

oo Pl E AL e Pol e Stk L 1808 slhebid 4 208 Yol Ghnecs

| s &iaracédd;y oiFo ridien grochh ep pira s sb reivbid terartat ar.i al

substrate 200A and a lower brittle nmaterial substrate
2002. The scribe. lines are farned on the bonded

substrate The Eyeamseprpynd enbosting vemidcals oxasksghaving

e e nihgt) arS Ghieb iRl ekl B Wi ridfters ﬁ%n@‘ﬂ-ﬁttllg intc the
| ower si ﬁ of the bonded substrate 200

et of *BAES prdiRenttq nderffdllame phenomenon,  The
penetrated liquid expands (volume expansion), and thus, the

vertlcal cracks are extended toward the back surface of the
mother glass substrate 1.

The nozzle unit 53 inclnding a plurality of nozzle
portion 52b can be provided on the gulde bar 36 and steam
can be sprayed onto the surface of the mother glass substrate
1 on whi¢h a soribe line is formed (see Figure B).

The mother glass substrate 1 may be broken along the
scribe lines formed on the mother glass subatrate by applying
a pregsuxre to the mother glass substrate on which the scribe
_1:|.nes are formed from a surface opposite to the surface on
which the scribe lines are formed without providing the steam
generating apparatus 52,

Furthezmore, as & cutting assisting means, the
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cutting apparatus and the cutting nethod for a nother

gl ass 15 substrate have been described. However, the
substrates to be cut are not limted to gl ass

substrates. The present invention can be applied to,

for exanple, quartz substrates, sapphire substrates, yngag
senm conduct or wafers and ceLagjz_ substrates. 20

Further, in the scribing step according to an

enbodi nent of the present invention, in a case where

t hegeSaymy ﬂﬁ&&“ﬂz@' Al K AMRlaBerC %t:&ra.lm%ii :EB?:pﬁeating

21 nd 51, a anond point cutter, a cut

ﬁ&r@afﬁgo&izssf BRAREi 8nheses)beam An%tm%af witepm in
t hambbenbghga&ﬁbsmt Scribing theladero W¥y $REIHRe a laser

[ wth the p ure to the nother glass
su%’ %tla%%% ‘%‘? “E‘il ®Faried by vibrating

the scribing cutter the breaking step according to

t he enbodi nti Qn, can

e 200t TRl IR AL EEEB p RN Salh e on  ap egampte
obttshbeen é@samfmed where bhaibrahking sitep dsi perfprmed after
CuttrRy é’ifa!.e‘ﬁ@né@%é 14 séﬂwgggg d¥sp Pepuuacas, "lg}%jbreaking

scribe I'ines

mhere r strai

o#’ nﬂaﬁ@f eg! a2 Bedagr perfpgmed one after the
2 glrlilﬁﬂfaﬁ:mag?e?%f eaéaaﬂ:ujbam@%}?t Fl?%at oﬂ\?ééi‘ﬂiﬁal arack
2 ExenaiieebOn Yhe BETIRe0I rdS on SxkBhaCLR (thies thtkness
f glﬁmcttd-oa wéthema:mbyap&amgwy @hlﬁah:g.@ggﬂluid having
S e | n | i [
exgongemblaéﬁ%%é Eﬁffi@é(?ﬂ’c £¢ clffhntt fHe uberratle op which

r efhsresribe &ipeﬂWMpéhertiMeeof siading ﬂssscribing
S Utiedd fid lehebELAREHGCHEYS ] dii'Be! A AEH MEnitHaBUY. ¥

nore strai ht scri be | nes an two Oor nore curve
| i fFample, f&PﬁeHr&Hktiﬁa stepurfcPRRaElng sheamybot easeribe

by 1iper tahnbegpel€orfiedbind1st apsteakHtNgshe 4Berormed.
enbodi nment
The substrate cutting apperatus 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 iz not limited to one.

- The present invention can be applied to the case where the
bonded substrate formed by honding a first substrate and
a gecond substrate is cut. The present invention can be
applied to the case where the bonded substrate can be cut
into, for example, liguld display panels which 1is a type
offlatdiapl&ypanal,organicELpanels,inorganicELpanels,
transmissive projector suhstratez, reflective projector
substrates, oxr the like.
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of the present invention. Each of three or nore scribe
lines is not limted 15 to a straight line. At |east

one of the three or nore scribe |ines can have a

straight line, a curved line or a conbination of a
straight line and a curved line. The present inventiogmpag
has been descri bed above w thgs2Q reference to the
preferred enbodi nents of the present invention.

However, the present invention should not be

construed as being limted to such enbodi nents. It

shoul d be recognlzed that the scope of the present
i nvention FSIURR JICBRCYF RPARE Phcadether dlass gybgtrate

be ey ppathbihs aaphbaseafshutt :mlg abdrdePEtbsBhate which
4 ant é e ui v ent scogﬁ m t he descri ptions
% 1% *'s, based on the

descrlptlons of the present i nvention and cormon

t echni cal

patont o AR pliba2als 200 AELEPRET by tilasrtEan upper
herterid: ﬁl@mnteebylauhamqmz 002 anda lowerchcbt bhbe mpterial
t heé\i‘bsm:‘dﬁeetzboﬁ e gRs Céém .ﬂi&l@%ﬂ?&%éﬁ’é’&'&ﬁ% bénded

- VD026 Accordi ng he substrate cutting
appﬁa’rhai’fd‘satea@@&r BY R Etcb“thi'é*qam#t 2P\ 2Rg | %rﬁ"’%‘}’iﬁg means
sprand agrdbiedt Edomf tme d:prpém s deC BRI 8hEl Powelf fdIdLHE the

str on which the scribe lines are
forr?egdar&cjl%}’g'rat k#1 a?c'kSextendlngfromthe scri be
| i nes can extend in the thlckness direction of the
substrat e. rack can,e
t he thlckness ;ereg%lon o tﬁ%S?F ent ?h@eﬁtion, the
medihing aprapptysnend a:hbeﬂuthgngmmétfmgatmher glass
S Cleyitfis Hodt@S hats &éﬁ%&&cri‘ﬁ@ouhoggggﬁ:at 1‘.‘1@8 [Substrates to
chi ings in the substrate wh
ot H%P SRtk ctimited to gla.sa substra.tes. The present
invention can be applied to, for example, quartz suhatrates,
sapphire substrates, semiconductor wafers and ceramic
subgtrates. ‘

Further, in the scribing step according to an
embodiment of the present inventicn, in a case where the
scribing cutter (for example, cutter wheel tips 21 and 51,
a diamond polint cutter, a cutter wheel, or any other scribe
formationmeans) is incontact with the mother glass substrate
1, and then the scribe line 1s formed with the pressure to
the mother glass substrate 1 being periodically varied by
vibrating the scribing cutter, the breaking step according
to the embodiment of the present invention can effectively
be performed and the same effect can be obtained, as. would
be obtained if the scribing cutter 21 wexe used.

An example has been described where four straight
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readily broken along the scribe lines to be out. 15 -

56 CLAIMS MDO26 1. A substrate cutting apparatus,
conprising: a scribe line formng neans for formng a
scribe line 5 on a substrate, and a breaki ng neans

for breaking the substrate along the scribe |ine, MDO26
wherein the breaking neans inggudes nmeans for

spraying a heated fluid having a tenperature

sufficient to 10 cause expansion of the substrate

ontg-f4te SO df&%&ﬂd&f%no&ﬂé‘%o%ﬁ@ rgﬁta%ssgu%%tﬂte to

further extend a vertical crack extendi ng from
scribetPeRBbaFRate 1hitckeetangptat shaRe - of HoWever, stralght

Sufﬁdnaﬂieliﬁisfto Aeif@ﬁﬁméﬁfaﬁ'eCN&E | TG0 &R tlﬁ_tﬂ:ﬁzr. In a case
rding to claim e t he ri i ne

AR e 8 iote 'SEERI At LBPFIBR BABesAaEecEREmed to
i neeipoteven sutestiratss witke sp@dliygonald shapesedhed present
I o] r C n

Slt %\Pﬂ{'ﬁifrp c&ﬁoﬁé ' \}g%ﬂjl nigggr ’%}g%:?% I]:&?.% gr%nore lines
t hetrcegwe sanélbgg dmim:ni peglonerith @ pglyganslf shape on the
tanddrieht ity SRBirARARY. {RSRAAOR bulivis Rk dRcluding

the scribe line formng nmeans is spaced fr
theﬂs'iﬂﬁﬂrameresﬂtw%%’stwﬂé% dedifiadg ARPpEFaL B more curved

aCCﬂfﬁhﬂh:@ folriad én YHE' &1iFRcumPeidifcs Gt h.fhé isdetrate by

i nclu ir lin ortion and a secon

odeiEPring (e SqHiiNy il Mhd=2850 4o S eppodinent
pordfi drhec pxessergk dasfendtirer, and each being a straight

i ne, a curved line or a conbination thereof, and the

scribe line formng nmeans fornms the first line 30
portion and&ache ofetbrdel ononpoe t derihe thinas tire nodr ldmited

lslubq-g ?;ﬁﬂ{%ﬁﬁﬁﬁ beA P4 3RACEHe BRYNE QP dd'8x more seribe
lines can have a straight 1line, a curved line or a combination

of a stralight line and a curved line.

The present invention has been des¢ribed above with
reference to the preferred embodiments of the present
inventlon. However, the present invention should not be
construed as belng limited to such embodiments., It should
be recognized that the scope of the present invention is
only construed by the claima. It should be recognized that
those skilled in the art can implement the squivalent 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 hersby
incorporated by reference ag 1f their entirety are described.

INDUSTRIAL APPLICABILITY
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4. A substrate cutting apparatus according to claim 3,
wherein - 57 MD026 the scribe line further includes

a curved line portion snoothly connected to an end of

the first Iine portion and an end of the second line
portions, the end of the first line portionis MD026
connected to 5 the end of thegsecond line portion,

the curved line portion is fornmed along a boundary

line defining a predeterm ned region on the

substrat e, Adcdr@slg atpOr then SlibifafOuniditing | Reph¥atus
a curved ilne%aqglthe at l.east a ortlgp of th h
oIS ke W RESERNY %+t BYo ABEREANY & heated
porflwid gfithhe tempedatyrelfuffieienhc o bepanditie: subetrate
forum n 0 e qf,ir i ne i o

cufgtd ?ﬁ@ E%%t%gﬁigﬁd iﬁgééé%%%df?%ﬁéébogtV%EsigélAcrack
subttending frongthp serdbes 1ivesreimgxtend i rhigy thickness
whegBkdbt ilon td¥ 13 iR deddd urther includes a third

line portion, a first curved line portion and a second
curved line portion, the first line portion, the

second | i nahue,t i:lﬁélv%&dig:l&ﬂ éi;&d&ld_cahiéhﬁtm _t.thglfhe lt_nickne'ss

crossing one er,.a ac ing a strai i ne

o AR, o Wt eyt withond RethoRafialay, spBiving

|'i ree Yrovddngn montemts @lemg [thee gearibieolined ,25 the third

line portion define at |least a portion of a third

regi on having a pol ygonal shape on the substrate, an

and of the#8 BsEesuAs,pydithonti gepesnsdngdchdppangendn the

Of kB 1SRN GHIE M) o HART B85 e&?h@%,tﬂesﬁg‘é?ﬂgte is
of the t

line portiogn is connected to an en hi'r I ne
poriaaft i hFokens alopg, dbe isrEiher didaes oabey

line portion which is smoothly connected to the and
of the first line portion and the end of the second
line portion, '
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30 the first curved line portion is forned along a
first boundary line defining a first region on the
substrate, at |east a portion of the first boundary
line is at curved line and the at |east portion of
the first boundary line is smoothly - 58 MD026 MDO26
connected to anot her portion ofgthe first boundary
line, the second curved line portion is a curved line
portion which is snoothly connected to the other and
of the second line portion eunrrM$he end of the third
line portion, 5 the second curved line portion is
formed al ong a second boundary |ine defining a second
r egl onA osubsitratdsertiting ppiwsius poranmrlaing he

second bou@EE&}SIE%&%.HBS:E@I)G&I%&EI@&H%I:ﬂﬁl‘.‘ Bgmihs £beribe line

| east a portion o secon ary |ne
snooR hE ySBkFkeated @l anot her portion of the second

10 boundar ya |H::|%%kitr@e melan®! £680h28akihg ﬁ?&%é'@ﬂ@ along
and_t he t’g\#ﬁ on are different regions which

not % ther, and the scribe line form ng
means for nestexedfii r thel itxeakingonthns, :lIrhﬁ.vfdersStmeans for

CocTRERTY LRkl Al DE RPNy o BSnPeRat AR ddfescient to
poredeFe egpansdobn¥ fhe substrgtappioaths seedbedl ine tformad
cl s the \Witistirate?Bot QE %5”.:'?9}:*&9%:& Aded \}é}fﬂ L‘:‘iff crack

athird |ine portion, fourt I he po Ion,

cur®Eending dhe acgébenaineuiw ethe ithilqias miimestion

a tdif rehe Warskddse, portion, the first curve portion,
the second |ine portion, the third Iine portion and

the fourth line portion crossing one another 25 and
each. heubgtrateroutgiiing appars@t s avedriifig t&/cPaim 1, wherein

gg?g&n&dﬁt Irﬁ.gm &Eﬁreefnd::{,wggsfelltr S.l.aalaltng Ejo.xr:; ofiné h;)e&:a:r:'l::l.on and

- a second .'Line portion, the first line portion and the sacond

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 2nd the gsecond line portion while the zaribe line

forming means 1s spaced from the substrate.

3. Asubstiratecuttingapperatus according toclaiml, wherein
the seribe line includes a first line portion and a seco’ﬁd
line portion, the first line portion and the second line
portion crossing each other and each being a stralght line,
2 curved line or a combination thereof, and

the scribe line forming means forms the first line
portion and the second line portilon without the scribe line
forming means being spaced away from the substrate.

4. Asubstratecutting apparatus according toclaim 3, wherein
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third Iine portion and the fourth Iine portion define

a fifth region having a rectangul ar shape on the
substrate, 30 an end of the first line portion is
connected to an end of the second |ine portion,

anot her end of the second line portion is connected ppgag
to an end of the third |line pa4ion, - 59 MDX026

anot her end of the third |line portion is connected to

an end of the fourth line portion, another end of the

f outhdr Beonibeodtinen Huxrtteanenickidds: @netbeedandnel portion

eeised o i f o 1 Lo o
contiecerd ab thre ssrbrd i foemitidnisne portion and
the end of i «3eCe2dthbNE1PLEL1 PR ﬂ&gt:téﬂ Sig “#{nﬁ%q:ted to

t
line portion is forned along a first oundar
def Mt §8%0F i the sesenghlineiprrbiamst theecunved ibine poxtion

a pog tifined dlvhd id Yodd@HISAMld RRFTHIHE W WddeitaSmined
and_t he at ortion Qf _the first boundary |ine

L Igﬁst
is Yt APy R TRty BfoleRFt RoPETSHOB of Hehe boypdary
boubties s al ¢weyed mmngmsﬁtm#ﬁ anpﬁim&bhcuf tRe doundary
cur Ltion IS Sshoot con fed to
et it b o Bt oh BBy B bRk PORLARE T e RguRdary
of ¥eindl |ine portion, the second curved line
portion is gy Hﬁgiﬁleofﬂné‘ fﬁﬁibﬁn%&#@d?ﬁifmls' ﬁ; first line
defining a secon g&gion on thesubstrate, "a T éadt
porRATIladr, the cARyesilbonBeationiand the senandlilng portion.
line and the at |east a portion of the second boundary
li IS sgno&hl connected to anot her portion of the
secorfa=UBBARE: Pt g RPRATHTIHACEPFRANY RS IFcim 3 ohereln
| s thec morEbd mep@uiritier Whicltdes ARBHRAY 190@Nekedon, a
to Eﬂ%t%l?l%(reﬁrﬂr‘?é ptorx]: itor.arzl]'mI Lgd a second curved line portion,
the first line portion, the second 1ine portion and the third
line portion crossing one another, and each being a straight
line, a curved line or a combination thereof,
the £irst line portion, the second line portion and
the third line portion define at least & portion of a third
reglon having a polygonal shape on the substrate,
an end of the first line poxtion is connected to an
end of the second line portion,
another end of the second line portion 1s 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
Portion and the end of the second line poxtion,
the £irst curved line portion is formed along a first
boundary line defining a £irst region on the substrate, at
least a portion of the first boundary line is a curved line
andtheatlaastportionofthefirstboundurylineissmoothly
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25 line portion and the end of the fourth Iine

portion, the third curved line portion is forned al ong

a third boundary line defining a third region on the

substrate, at |east a portion of the third boundary

line is a curved line, and the at |east a portion of yppag

the third boundary line is 30 ggoothly connected to

anot her portion of the third boundary line, the first

region, the second region, the third region and the

g iof bmggtea_ aﬁezﬂbfﬁememrf:e@:h%us ﬂﬁbtflﬂ:ﬁtlhhﬁlirﬁiaﬁ:y line,
C Q _not _cros t her

the sor i be FPRe=PaPRRnGSREaRs LHBPEORRACT: fd & (4pved Line

por perhioniwhich dim sweothlyicenmeoiddio the sHwondénd of the

lin t LV I 0

thi FaeP RS SRR AR FHb Bl L IR ERLSE 1188 portion,

and the foukk® F@ﬂ@ndp%$¥V%ﬁ lime /pexblen st %qnm¢¢mplong a

appasabHa bdLGAadhy I riast Bh 1R d a MR fegimoﬁ%web@uhstrata
i ne is_a Scribe cutter havin

f
shapk Leaztinakticn o8 Hhe e R Wwwf@%rﬁae a curved
co tnmne sand the hacheoit wﬁof&‘ruhahr?& ?:ﬁié sb@bgiﬂdb@ﬂnﬂﬂry line
eXx n u ren [Tace € Scripin
cut Fhr Bmgoth1f 49 i abheF APRTEARROPY Hh pecond

clabquﬂﬁaMMelbna, a plurality of protrusions with a

predet erm nggy l:%rgdto‘?lr ”‘%ﬂeoﬁgkgﬁdbkégﬁoﬁ d&xid the Ahira
substrate cuttl:g apparat ug according to
wheFeghon pgeididf enenh regiepawhiahidanokoneriap one anather,

headhdg the scribe 20 line. 10. A substrate cuttlng

apparatus according to claim4, wherein a pressur

applied to FHR %‘iﬁi‘&ﬁé’f"@% FRLNG 93RS foTms FBF@*@“ line

nmeapsztven, f ohai Egrkhecumﬂd 139! ipdrtion ,Oe Feddid line

a PRESEELe, R 1gadchd blevaPELES S NS EhBC L D8 1ine
portion.

6. Asubstrate cutting apparatus according toelaim3, wherein
the scribe line further includes 2 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 lins portion crossing one ancther
and each being a straight line, a curved line or a combination
thereof, ,

the first line portion, the second line portion, the
thirxd line porticn and the fourth linsa poxrtion define a €ifth
reglon having a rectangular shape on the substrate,

an end of the first line portion iz 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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form ng neans when formng at |east one of the first

line portion and the second line portion. 11. A
substrate cutting apparatus according to claim1, 30
further conprising a rotating driving neans for

rotating the scribe line form ng nmeans around a MD026
vertical axis. 12. A substrategcutting nethod,

conprising; - 61 MD026 a scribe line formng step of
formng a scribe line on a substrate, and a breaking

step of br emothert ardseh theathizdohgné hsorison He tbRaected

5 e t ki e 4.ncl step of

sp\roéz}yl _%lgrbné{] héégttz.l %r}%%r\% p%%t%éﬁ"g'ér ature

suf fi ci ent angtbersend e ihei Hruoth tliaespbstion d=orronected
1 NG Gl diherl hd UFMhed 1t 13985 el oG aS 1O

further extend vertical crack I ng ‘fromthe
scribe i nécherifwfet ERFERA ddBeqaristqrohs apnrsted hine portion

subfisredt ag Ja%mu‘hh&lyb%%ihﬁt@dt N ¢ HePRAd o2C¢8EdiEAGsE011na
claim12, wherein the scrl be line jncludes at | east a

fi PATYY9M At (Hhsh enfy o, the: saFand, 4156y PRt ARNe
first |ine therfixet engvelid iaacpodtibn I:lenﬂomd iao.ﬁng a first

d bei
a1 EE B Na Bt FEgRoR PR S iRy et at
| i depsfsdy mi portlen Qfs tporfbrsr’emmdm]iinhoisfmmmd line
{NARe e dt 20k WNPoTHABH B° cpandLhe ﬁ%hﬁsfk 38ne 1s

formn steplncu st eps
fi EReqGhy ﬁepﬂpehedaﬁmﬂﬂethﬁﬁ@qm@%@@nﬁheﬁ#@st boundary
ponfdird while the nmeans being spaced fromthe

r the first line portion is _fornmed

substrate }‘3? . 25
14. A substP§t SENG Rvachodt e RRTFIRP 18 cRafRFYed line
whereaitriorn Whighridemoiothliynebtifiestadaltd The biRepoéid @F the

an%e%o%%cig_ge portion and the end of the third line portion,

the second curved line portion 1s formed along a
secondboundaryline defining a secondregion on the substrate,
at least portlon of the second boundary line is a curved
line and the at least a portion of the second boundary line
1s smoothly connected to another portion of the second
boundary line,

the third curved line portion ie a curved line portion
which i1s smoothly connected to the other end of the third
1ine portlon and the end of the fourth line portioen,

the third curved line portion 1z 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 £irst reglon, the second region, the third region
and the £fifth region are different regions on the substrate
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line portion, the first line portion and the second

line portion crossing each other and each being a
straight line, a curved Iine or a conbination

thereof, 30 the scribing line form ng step is

performed by neans for formng the scribe line on thepgae
substrate, the scribe |ine forggng step includes the

steps of: formng the first line portion, and - 62

MDO26 forming the second |ine portion wthout the
rreamlsicibedmguspammbd rawre it Teep smfostatr&ﬂ&:ﬁ t ezrnd he first

line porti tr

met hod accgi'ih Elne ﬁ%mﬁé@% {fﬁ 19:‘.?%1;3 line

f urkeEEiemc| Eﬂ@%sf%\rétlr GEEVBdn diper pp@'rhioam)d!hlel wecond line
3@@%ﬁ£$htCkﬁ@dséegn@fchgeeﬁ'1ihelb3 tﬂgﬁt'QBe ﬂﬁifaqline

second |ine portion h the'fi
porwwwg e dBid £erved 1ime Brtdon ARASHReEPUR T Line

porpeetlon e curved line portion is formed along a
boundary |ine defining a predeterm ned region on the
substrate, at |east a portion of the boundary line is

a clr hmhblsitu:atarui:ttﬂlmga&pﬂ:mtuaanebi:'amﬁgctfo dé1®im 1, wherein

oL i 14, UBRANG uBRIRSES Y, A% R s
i ncihgrs Osiﬁ ép@isf-h alifbranhig&ehedﬁaruhith reoXobs tareh contacts
foran BarEleeCuss eqpll n@ulﬁ’@ﬁfiﬁ’ i§ndfoaj:r9éc§n Be toe gEternal

sec d |ine portion. substrate cutting met
TRUREqRERGe SHTERCRE dile saribing satten
further Includes a third line portion, a first curved
li ion_and second curved |ine_portio
i T R e R e e O B e Chp 610 G flg Wheredn
t hiz plurality of prntrusions 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 poxtion.

11. A substrate cutting apparatus acecording 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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25 line portion crossing one another, and each being a
straight |Iline, a curved line or a conbination

thereof, the first Iine portion, the second |ine

portion and the third line portion define at |east a
portion of a third region having a polygonal shape ompozs
the substrate, 30 an and of thg first |ine portion is
connected to an end of the second |line portion,

anot her end of the second line portion is connected

to an end & stkébehliuwe [fomingy step,of foImikig02GEcrtitee line

firocs‘.?1 z?“gﬁ’t@tl%aiﬁrbe Rdion is a curved line portion

whi IS sSNDOo connected to the and of the first

line portifPRrapilngekep off breaking dihe Enhetpatei @kgng the
t hegdiitsd LiHa/ed line portion is formed along a first

5 boundary lLine defining a first region on the

substrat e, ¥ereimthe brggking ptap 1pelydea p amasspraying
| i ne heated Ufledd| haeingnd tBRpakakaast sarpaciieaf @b cause

the fiJ.s 0 line is, smopth conngect to

ancr ARl S e bt =RsantRry te SO dnsgormea on
curtierl subetpate i sa s decufwethdr nextdd par vieot lokilclrack
i's d 0 0 SEeco

| el E30APTHE kB BLIRE BRI SiSnE Mreotion
sechdhaursstaate portion is formed along a second
boundary |ine defining a second region on the

suhstrate at | east a portion of the second boundar
e 1 & et qate i mgthofneearHingto £1gdm 12 wherein

t h¢MGMbbpmmﬂa¥¥n$liﬁ@as 3 Wthgyfﬁﬁlﬁﬂeﬁiﬁéi Pottion and
an [ ridjon_of .the seco 0 ar i.,ne, the
F1 vk PO RBEE 1B g g ke PR A ke, gecond
ar elddief perdApnr egosasngheath ditheat andesheh ositng a straight
ANGNEL 2 P S bl 1 Bl o FRelLGleH e
steps of: Ttormng e Tirst line portion,
the scribing line forming step 1s performed by means
for forming the scribe line on the substrate, and
the scribe line forming step ingludes 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
formed.

14. A substrate cutting method according to claim 12, wherein
the soribe line includes a first line portion and a second
_.line portion, the first line portion and the second line
portion crogsing each other and each being a straight line,
a curved line or a combination thereaf,
the seribing 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 1ine portion, and



10

15

20

25

30

formng the first curved line portion, formng the

second line portion, form ng the second curved |ine
portion, and 25 forming the third Iine portion. 17. A
substrate cutting nethod according to claim 14,

wherein the scribe line further includes a third |in¢bozs
portion, a fourth line portiageg -a first curved |ine
portion, a second 30 curved line portion and a third
curved line portion, the first |ine portion, the

second | i nefcpmiﬂsbrthet Becondr d1hprporpben i witkeut tithe means

f Ouﬁéihé 's?:%d&&rfi:&ﬂ thieOSShStrLEE a&‘l“é&hﬁ‘ie £94 +e280, port:l.on

elqg a straight line, a curved IiTne or a conbinatio
thereof, the first line portion, the
second line portion, the third line portion and the

fourth,line t|on eflne on havj ng.a

' ook il Grta 28 Ene Methiad ageordfite 28 qifkim £4g wherein
fi rishel sn:eiperﬂ.rl.na |Enmuxecirmﬂ.ﬁdhsam eagved fhae portion
sec rt| n cond_|ine
port| on | connec g@?o an endgg?{Q%%ﬁﬁr gif‘?r%ortion and
poran end phisrgorchdlisie tbrrtdond |ine portion is
connected g te%aaafeeﬂeohwe iﬂr‘étﬁ;bﬂi@npﬂtd&ﬂ: cted to

anot her end of the fourth Iine porti I'S connec
t o HERE oihoreaad M@? mww fthencurvedflne portion

curyedEdimsl RGP a ivouhdaty ddrld R HG NP ﬁyaaawmmea
snDot%%y con?ect%éEQC)the and.of the first line
portTHPHRE the i ke aLelBRBT 13 ROTTIOM Bh, tl:;q]é:oundary
fi rstnedswashived lpnetamdths et dewmd: mbo&gianfdf the boundary
di f sf.regipon on t
subs%rate Eﬂi%&lilyfgﬂflgpor |%ﬂ %’?"ﬁﬁ A t°fbo‘i5’r?d§’f’9ﬂ“d“¥
Ilriﬂﬂ%:a curved line and the at |east a portion of
the first RYNGUMYd N8nes forming step includes steps of:
forming the first line portion,
forming the curved line portion, and
forming the second line portion.

16, A substrats cutting method according to claim 14, wherein
the seribe line further includes a third line portion, a
first ocurved line portion and & second curved line portion,
the first line portion, the second line portion and the third
line portion crogsing one another, and each being a straight
line, a curved line or a combination thereof,

the f£irst line portion, the second line portion and
the third line portion define at least a portion of a third
reglion having a polygonal shape on the substrate,

an end of the first line portion 1s connected to an
end of the second line portion,

another end of the sacond line portion is connected
to an end of the third line portion, |
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20 snoothly connected to another portion of the first
boundary line, the second curved line portion is a

curved line portion which is snobothly connected to

the other end of the second line portion and the and

of the third line portion, 25 the second curved |line Mppzé
portion is formed along a secemd-boundary |ine

defining a second region on the substrate, at |east a
portion of the second boundary line is a curved |ine

and the at thafdrgtpamveshlbne ppotiondimr bvuneddyineprrtion

i s gARehhiy Eﬁaaﬁﬁiﬁdcéﬂné‘é@é@efo Poid | O Of £ g SEGANE 1ine

30 bou ary e_third curved [ine portionis a

cur 986 PRe2B8r t‘eihsnen%?é hthe 8aseRf| ipenpeEtden: o
anot her andtibé filrettdireed LAfe mﬂﬂd&marﬂ:ﬁaa&mxp& a first

th f th | third
|1 0B8R e MiaedNa 582ast magton cundnr, SbRLIate, st
def Lagaly & poritdenr efi Ure diztstebouhdargt Binatis heedtved line

SIS $E UL SRR LT SR MY ane <

i s BMeabblyicpnaesies: telanothaotenst ofdie HLrat bohpdary line,
third boundaw sbbOfd Eﬂfvéﬁr ifl. Ee?'o?‘ﬂﬁ.ohhiﬂs%c%vad line

region, the third region reglion are

di f?@?’eﬁ?nrw%% %\wf@ubgppmt%tehaaetm end of the
o;/eﬂé?@n?\/l lih@rl?:ﬂm:h%fnd 9 kha tasrt#@s Jcntmﬁdfpiﬂa Ebrtion,
step Inclu ste rs

portion, dﬁ?nﬁeéj%&)f?‘?’é‘fe‘i[ﬂ% E?’Fl%{cb‘briﬁ ’med along a

forntqgn@beuadeundﬂnaﬂaﬁinin@asecbm&&&gﬂdmentn&mmbstrata
CUryEAdife gttty 37 408 BODAF AUALY Fe 40.p curved
line and the at least a.portion of the second boundary line
1s smoothly connected to another portion of the second
boundary line,
the first reglon, the second reglon and the third
reglonare different regions whichdo not overlap one ancother,
the scribe line forming step includes steps of:
forming the first line poxtion,
forming the first cuxved line portion,
forming the second line poxrtion,
forming the gecond curved line portion, and
forming the third line poxrtion.

17. A substrate cutting method according to claim 14, whersin
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
firast line portion, the second line portion, the third line
 portion and the fourth line portion crossing one another
and each being a straight line, a curved line or a combination
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formng the fourth Iine portion. 18. A substrate
cutting method according to claim12, further 20
conprising a heating step of heating the scribe |ine.
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therect,

the first line portion, the second line portion, the
third 1line portion and the fourth line portion define a £ifth
region having a rectangular shape on the substrate,

an end of the £first line portion is connected to an
end of the second line portion,

another end of the second line portion is connected .
tc an end of the third line portion,

another end of the third line portion iz connected
to an end of the fourth line portion,

anaother end of the fourth line portion 1is connected
to another end of the first line portion,

the first curved line portion is acurved line portion
which 12 smoothly connected to the end of the Ffirst line
portion and the end of the second line portion,

the first curved line portion is formed along a first
boundary line defining & first region on the substrate, at
least a portion of the first boundary line is a curved line
and the at least a portion of the first boundary line is
smoothly connected to another portion of the £irst boundary
line,

the second ¢urved line portion is a curved line
portion which iz smoothly connected to the other end of the
gecond line portion and the end of the third line portion,

the second curved line portion is formed along a
secondboundary linedefiningasecond 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 lins,

the third curved line portion is a curved 1ine 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 reglon, the third region
and the £ifth region are different regions on the substrate
which do not overlap with one another,
10 the scribe line forming step includes steps of:

forming the
forming the
forming the
forming the
15 forming the
forming the
forming the

£irst 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 cuttingmethod according to elaim 12, further
20 comprising a heating step of heating the scribe line.



