SCRI BE LI NE FORM NG DEVI CE AND SCRI BE LI NE FORM NG METHOD Technical Field
The present invention is-related to scribe line formng apparatuses and
scribe line f&°“RHgLRE FORMINGOPEVISE MNRgSTRIRE JyINE cCFQRYENG |MERERD used f or
dividing a brittle substrate such as a glass substrate 5 included in a
liquid crpsshakadi SHi, device or the like. Background Art Liquid crystal

di splays are applicable to small-sized information term nal devices and

proj ecti on devimes prédeft CihPertivad s iﬁlﬁt%dﬁo[]ﬁegibg lﬂ@lf&tﬁig]f he

personal conputer nmarket expands 10 along with the rapid progress

i nf or mat EPRAPRYaEeS ARG sScEtbe dilog formifitemsé tHodsef sleFehafE I nedir ddrdtbiad

crystal di,splays _has been_draw n much attention. Particularly, for liquid
crystal gr'LEEF é‘%}?af’%aﬂr ryiing a bE'gFrE:ER svbstrate spey pyisgtass sebsizmded f or

maki t ' C l,arg with higher definition, as well as
| ghtn’ér, Hﬁgﬂ?ﬁ% 2’%‘1‘si§lngl§:lf.E %e‘ﬁ%peﬁgﬂ't S’E’iﬁlﬁi’f %Vﬁg%nmﬁ'afc@ tidkRave |arger and
t hi nner BherRgrow® A#ates in order to neet such increasing demand. As gl ass
substrates get larger in size and thinner, a high-level substrate dividing
techni que is ihidehkdindriotali didphayel ags ppiicabss |8 OsmaLAd8Sikned si zes

W th hi gQ ﬁccurac .. Brittle substrates such as gl ass substrates may be
di vi ded *F ?@%&ﬁ'%ﬁﬁﬂwmmm@ﬂmuﬁmeﬂ ahdare 1 denangear

scri be ' endi i sired . dividing_direction on the surface of a
gl ass su 2?% gﬁé%aﬁgﬁggl?r{e]ggegg%&“oghaim MR e maglket rewpands al ong
themribﬁoﬂ'wﬁhbﬁaaﬁ# ' 5%@1 Py the scribe. line forned
on the surfag{:e of the gjgisgggu strg%g'.gf 1 r‘f%“%?‘?%%s%‘?@p%%‘fm&wng t he
scri be | The foturhcaycdopment i 1age1d ickykbel WephEyki Me: WabE hrlaindgy! | Ne

with a vertical crack
much attention.

N

Particularly, for liquid crystal displays for personal
computers and televisions, the demand for making the display screens
15 larger, with higher definition, as well ag lighter, is increasing.
Development has also been made to have larger and thinner glass
substrates in order to meet such increasing demand. As glass
substrates get larger in size and thinnex, a high-level subgtrate
dividing technique ig in demand for dividing glass substrates into
20 desired sizes with high accuracy. |

Brittle substrates such as glass substrates may be divided
into sections by performing a scribe step of forming a linear scribe
line extending in a desired dividing direction on the surface of
& glass substrate and a break step of dividing the glass substrate
25 along the scribe lines by applying a bending moment a.long;}:he scribe

‘line formed on the surface of the glass substrate.
In the scribe step of forming thé scribe line on tﬁ_edglass
substrate, if the scribe line which ig a line with a vertical crack
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1 can be forned deep into the glass substrate and vertical to the surface
of the glass substrate, it is possible to Inprove the accuracy |evel when
the substrate is divided into sections along the scribe line in the break
step to be perfornmed later; therefore, it is inportant 5 to make the

verti cal o Ql, X | e, using.,a nmanual | y-operated cutter as
di scl OSGgQﬁ?,%'%;%ﬁ{é? gﬁ&ﬁé‘é‘%"%ﬁ\%@tﬂ%&? FREe WW&éFi%bF‘P theisystPe®l i cati on
No. 59- 8843%e d1&dd LBt I n ace of a brittle
mat eri al substg;géte by rolﬁﬁﬂiaﬁi#iﬁg%%é%%‘% PREUTTTY oPV3D a

cutter ovken tthe subftumteofist dbviHess sntdRfidtabls MidhgPERS St@be E%‘rléher, It
Is al so possible to use an apparatus disclosed in the Japanese Unexam ned

Pat ent ApDIHCPTRRK FEBDitoabe mexiornss 1at663hefrefote Mitnys Ampoireant Of
of brittle material substrates

scri | i on.the surfaces of a_plurality

cont %ﬁuotgﬁ@wca?m#‘&uf’ﬁﬁé’ﬁ%@??k1‘3995?'rret hod of forming a scribe line by
cutting the sugfa a syubstr.ate wth a pointdi amond |'s not
suitable for for m%?{gﬂ&éeéc‘%%?ﬁ %%?%%ﬁmpggit%@ﬁﬁ:ea%géﬁ#ﬂsﬁal i qui d

crystal ih dleayapdayses areganunca B d18kyv(@bass P%%&é}:&'gfén iﬁab?.?%ﬁ%f&? d

W t hout exception in the process of cutting t ass substrate Wth the
poi nt di R>n89-88A29r eirewibe ddmednayybe Edried e Heel swheass bran woeek1di p bei ng
rotatably held_ is rolled over the surface of a glass substrate with

pressur éalatz?r\;‘e‘f"t Fﬁé?t’at&ckyi zohbing & wheel i ettaghedatiivbel t4p pof agai nst

t hejgurf t u r usin lifting and | owerin mechani sm such
as ég aifq%)ﬁq igﬁdgrg’.eézg‘%/ﬁal%‘%%h"g g%’%s%lraﬁﬁ FUPRERRLR iWidha PRRFSYRR: and

| ower i ngruxtheRani € Mg RO¥E shof @l SS Si forma vertical
crack that has a sufsf | Ci e\rﬁgsc?elﬁlﬁ ?%nﬁeeaguﬁggg%? ?%‘?écig S8 6 rat e
unl ess tiepapesesUnecappeiicBabtent Ppplitbhtich 2511 eHELoN NJTEEBADL 6635

for forming a nuwber of soribe lines on the surfaces of a plurality

of brittle material substrates continuously and automatically.

15 A method of forming a soribe line by cutting the surface of
a glass substrate with a pointdiamond is not guitable for forming
a scribe line on a glass substrate used in a liquid crystal display
device because cullet (glass shavings) is generated without exception
in the process of cutting the glass substrate with the pointdiemond.

20 Further, according to the method wherein a wheel tip being
rotatably held is rolled over the surfeace of a glass substrate with
pressure, a vertical orack is generated by pfessing the wheel tip
against the surface of the substrate using a lifting and lowering
mechanism such as an air cylinder.

25 With such a pregsing method using a lifting and lowering
mechanism, however, it is not possible to easily form & vertical
crack that has a sufficient depth in the surface of the glass subgtrate

unless the pressure applied by the lifting and lowering mechanism
2



2 is large. On the other hand, in case the pressure being applied is

| arge, when the wheel tip is nade to proceed up onto an edge of a gl ass
substrate, there is a possibility that the edge of the glass substrate
maybe damaged; for exanple, it maybe chipped off. Besides, 5 in case the

pressure ' aprhd [ tQere_ar Qssibilitie of her
pr obl ems;i g%ér}%eeiapr%} ggea&cﬂr%{:ﬁg?%' E’Sr?%%ent a Qﬁefgk'fen% g, 8p. &fed in an
unwant ed ldrgectihen the vifbelll 808 NPaBNt& pRRLASEp S hhal&ge YFdaSuch a

crack may cause chipping in a division plans or in an edge portion of the

gl ass suB3esatsubshvateli ripene diz iaspossMiiliitgnehatithe édge glEathe ylskrate is
divided into sections. In addition, also wth this nethod, glass cullet is

gener at eGUPRERRTE mAY be Aafppded: fozaxampler p&mayine cidepped o fnh Basidegl ass
substy at ' . not her bl em.is that the wheel tip.is not able
to fo Io%vntr}%%\?gtr?r?\ggégssﬁfera%%ﬁ}% F?lﬁ{%‘%ﬁ?tlﬁgga efra ResEthildtdesr t he
substrater ikt bess . iflor 8wl Si tya p [\a verti cal
crack in the sur acei&*(i)% tfﬁg Sfas s'uti%’rg‘g%g.%r@graﬁgatgg é%#)é\}!g %"%g

af or enenibe geserptabliem wivmtpteGRRict oAVENthe B1ah8Tore1Bh®H fgiagscr i be

line form ng apparatus and a scribe 20 line formng nethod by which it is
possi bl eSYRF 8r AAnd Fugbr 3 icackonay loaliaei chylppingf in @i ddviebed planea gl ass

substrat i thout causin a obl em such as an edge of the gl ass
subst r atcgt &\éﬂ, %5 ¢ _epﬁ’é’ﬁtbg?.ﬁ %E‘ﬁ’cﬁ)%‘iﬁ @“BFtFﬂEQIH\Fg-HFF-Bﬁ #ni_ignieépnt o sol ve
the 1or Olp i, 4RGN 2BRB o HOE L 83 EMea Aikd MEALREN e dgg.a scribe

| ine form ng apparatus conprising: a I'cal” Ccra B8 t hat

has a blak atith this kaneal, §isks icu1ieedis erde¥aFellid ME tdadbingack to
be an origination point of a scribe line by pressing the blade against a

surface RHOCEBBri tt | e
Further, in the case where a glass substrate has a "warp”,

another problem is that the wheel tip is not able to follow unevenness
15 resultingfromthe “warp” at the surface of the substrate, and thersfore
it isimpossible toobtain an appropriate vertical crack in the surface
of the glass substrate.

In order to solve the aforementioned problems, the present
invention aims to provide a scribe line forming apparatus and a scxribe
20 line forming method by which it is posslible to generate a vertical
ocrack having a sufficient depth in a glass substrate, without causing
& problem such as an edge of the glass substrate being chipped off.

Disclosure of the Invention
In order to solve the problems described above, the present
25 invention provides a scribe line forming apparatus comprising: a
vertical crack forming member that has a blade at a tip t;ereof and
1s used for forming a vertical crack to be an origination Eon;t of
a scribe line by pressing the blafde against a surface of a brittle
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3 substrate wth pressure; an ,inpact force applying neans for applying an
abrupt inpact force to the vertical crack formng nenber in order to
generate the vertical crack having a predeterm ned depth at a desired
position in the brittle substrate; a heating neans for formng 5 an area

havi ng a ratu | ower t han softenin oint of the brittle

cubst rat S"EAPESER i pBARAure; n dnpent Soned sPpiviad veses fepappizing

arr angemagt JEANSd g=Tele TR T BRi eatl rtical
crack for m%ﬁgya#e?n’n%eﬁ the | rrgélctg%f or cel%g%p yl%gﬂrrﬂé&a}%‘s‘;,ﬁ%# * {-Qérgég i ng

neans t o tbeganstdtieonhd SartiallociRNe HaHakl ¥epteudteemifed dddtncatuUlSt rat e
at predetermned intervals along a planned scribe line that Is prearranged

on t he s@esheed pesttionpin the britije: subistratana eattingimeans Eolfairmtngt r ol s

drivigg of the Ihg%act force apEIyi n nmeans. It is preferable to have an
ar r angentht 2R PEVANENR tSmergture slgan thent 2 et teningneeltt ofietherti cal

crack foppy d r enent venent so that the blade
moves whi | eeglel ng eﬁ)a?g’ién&g%lr#ﬁ{c“t?enwst Ort%‘;er&sjlﬂgfgteeg’gﬂ@ﬁea% =Y

subst r at en rrangenen tMkcBme #0 4 an8! £éik la@Wal, leRid6nd 16k ”@é’e& hepgur face
of the brittle substrate, and when the bl a%%nél)s pOSélét‘EI o%e |n5t't ﬁgévi cinity
of an edyérgicalheradk forminemembet ;s the HmacitnEdite wpplyird/medns, 8AGSI Ng
poi nt at,which_the bl ade passes a previously-forned scribe |ine, the

control BRF (o0dRe, Beans e Bei pemitismethso) apde mavecrelativs (fg tbans so as
t t i.cal k. havi det i ned depth in th

bei (10 0 BELE A Gul R b BEREK O des R S et PAARAGA BRERPOUher ei
t he heatifng m&@nssimﬂgggﬁﬂgdw\ﬁgeng&k%&sgkt bq‘.g‘rtgﬂﬁsd{qﬁ%gg@g.e in a

hei ght of the surface of the brittle substrate Tromup-a own ‘nbvenent s
of the \&nd coatrel anitfdmt contislearieMdof thd Mfpdst tbh8e Spiiage

means .
It is preferable to have an arraengement wherein the control
15 unit controls driving of the vertical crack forming member and the
arrangement movement means so that the blade moves while being Kept
" in contact with the surface of the brittle substrate by a load which
does not allow the blade to damage the surface of the brittle substrate .
and when the blade is positioned in the vicinity of an edge of the

20 brittle substrate and in the vicinity of a passing point at which

- the blade passes & previously-formed scribe line, the control unit
controls the driving of the impact force applying means so as to
generate the vertical crack having the predetermined depth in the
brittle substrate.

25 It is alsopreferable tohave an arrangement wherein the heating
means includes a servo mechanism that detects a change in a height
of the surface of the brittle substrate from up-and-down movements
of the vertical crack forming member moving on the brittle substrate
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4 and adjusts a focal point of a |laser beamirradiated froma |aser beam
oscillator according to a result of the detection. It is preferable to have
an arrangenent wherein the cooling neans is arranged by the arrangenent
novenent neans so as to nove 5 up and down in conjunction with up-and-down

ToverTent anafedfibekchlsddly pbift fof Af Thid: TUCLLA I B2 h LISLR! 11 ©

L
substrate. It 1s preferable to have an arrangerreh%]%erel n
movement beamnesaililator adcanglingt 66 & afddultl of ek detebign Menber, and the
heati ng means, and the cooling neans to be positioned in 10 the stated
order from a f&Fé&paeterahlee tpl bavee dnsariangehent, wisreiar thmgootling heat i ng

means, t ertical cr form ng nenber, and the cooling nenber to be
posi ti oned 1h %ﬁm%g%& gé? %ﬁ%&f}sﬁm@nﬁ fgvemen duesms ge a3 heetioger i be
lines P b ahd dek@f Arrangenent wherein.the arrangenment 15
novenent }'%reans ar r:‘g{r\%%gjthei\gg‘\r‘?itggfpa&ngc g‘f"bP‘%"ﬁ‘&‘E’m‘é@et"ﬁétﬁ i ng

means, acwhdiEotMihy NENRANEHER MASvéd o tAb! Britd1ehanss P&J#Sé.tions rel ative
to one anot her. The cooling neans nay be a cooling nozzfe rom which a

cool i ng nedi ukt L8 prefexakit t@ba¥henamphh theCdrdigamesE VO
mechani sm t hat adjusts a height at which the cooling neans is positioned.
The ver tTTHARENRENS £ EHET ARangesathe vexrtiral oradk Gorming mewberudes a

wheel ti ' | ade | | abl ts_ the wheel tip. 25 Th
noati ng ey Aefind Waehs? “Bad the Zoofnd mashi o pacraniidonsa n )
pr edet ertheNedala8 cordiaProting +oRE F16kO0bE Cid H1¥hAda BSR4 BYRE, a5, ar mat ure

t hat generates
arrange the heating means, the vertical crack forming member, and

the cooling member to be positioned in the stated order from the
fore side of the planned scribe line.

It is preferable tohave an arrangement wherein the arrangement

15 movementmeans arranges the vertical orack formingmember, the heating
means, and the cooling means so as to be able to change positions
relative to one another.

_ The cooling means may be a cooling nozzle f£rom which & cooling
medium is released.

20 The cooling means may include & servo mechanism that adjusts
& height at which the cooling means is positioned.

The vertical crack forming membex may be a glass cutter that
includes a wheel tip serving as the blade and rollably supports the
wheel tip.

25 The heatingmeansmay be & laser beamosoillator that :ifg:radiates
a predetermined laser beam, -

. The impact force applyingmeans maybe an armature that generates
movenment inertia for pressing the blade against the surface of the
5



novenent inertia for pressing the blade against the surface of the 5
brittle substrate by tugning on or off electricity supplied to a solenoid
coil. The scribe line form ng apparatus may further conprise one of a

| aser di spl acenment gauge and a contact displacenent gauge for S detecting
a change,_i hei ght _of the surface of the brjttl ubstrate. The brittle
Substr ar Bkl Buffkrte Y t3ealsq fuy Py 6F GloPtaiplEY SuRyLEs Si%pl ay
device, gofHing sypgtrate for a plasma display panel, and a glass
substrate for an organi c EL display panel. Another aspect of the present

i nvention provitescxiber Lt IfoRfind Gpparatid mey} FeethefNddiiAget e st eps of
: while nmaking a vertical crack form ng nenber having a blade at a tip

t hereof ¢#@elasen ddsplabementyyeugatand garontactndlsplasementlgamgackohavi ng a
pred I ned depth at a desired position on a brittle _substrate with an

ter

irrpa%t SRR R Fhenptandelaat °£§BFi5é‘§f§ﬁ°5’§r%bF’rF&&&5WF€§t?o t he
bl ade; 15 form LD ' form ith 1he vertic rack, an
irradiation aﬁé%gf %é't% {‘\:Ilii{%ls’sql(sllCJ s%t%%%%%naatyag)g ?rg%\é:\# fh%%asg égﬁ?gﬁgﬁggﬁgi t of
the britiiuuisuBstsaa1candng deRbaN e &6 s06:trtR i APIREmR A shigybrittl e
substrate, and formng a cooling area in rear of the irradiation area. 20
It is presiedabkhedt s ¢gbamsss subatraidoenanwbegaic Hle dgsplawntpangl. st ep of
generating the vertical crack having the predeterm ned depth at the

desired posi t i¥PEPn Hepast ¢f e pupserhinventionrropisas g sesibe 4ppeyi ng
nea [ r en the,blade i.s posjitioned in the violni of an edge
of ?‘%e Eﬁ%g%ﬁ]a ’gﬁ&“ﬁg‘?ﬁ&‘*\? & 'i%mﬁﬁi’%ai"ﬁfig#‘g‘éjtcﬁs??‘posi ti gn

at whi chedrit@nl! AERLARIASE 8 Brady Q¢ QUELY (RS R6ve R |4 BeatBiéef

Description or the Draw ngs
substrate, generating a vertioal crack having a predetemined depth

at a desired position on a brittle substrate with an impact force
applying means that applies an abrupt impact force to the blade;

15 forming a soribe line by forming, with the vertical crack, an
irradiation area that has a temperature lower than a softening point
of the brittle substrate along a planned soribe line arranged on
the brittle substrate, and forming a cooling area in rear of the
irradiation area.

20 It is preferable to have an arrangemernt wherein the generating
step of generating the vertical crack having the predetermined depth
at the desired position on the brittle substrate by the impact force
applyingmeans is performedwhen theblade ispositionedinthevicinity
of an edge of the brittle substrate and in the vicinity of an

25 Intersection position &t which the blade intersects a
previously-formed soribe line.,

Brief Description of the Drawings
Figure 1 is a side view that schematically shows a scribe line
6



Figure 1 is a side view that schematically shows a scribe line 6 formng
apparatus according to the first enbodinent; Figure 2 Is a front viewthat
schematically shows the scribe |line form ng apparatus according to the
first enbodinment; Figures 3(a) to 3(e) are perspective views for

describing iii 5 sequential order a nethod of formng a scribe |line using
the scri b‘g(’mljf’ﬁea?g Ty &Bﬁﬁ?‘gﬂ% toc tBe F Pt smPReLPeNSt enbodi nent ;
Figure 4 is a s [ t ' I crjbe ine fQrm ng
appar at us acco?&%&t%wf h%%ggg%n%gﬁ r%’%‘t%)é%%ufesémﬁ tk‘ef ?%’F#%/i ew
that schenrid €abhyng Pparkbes Siddd2e1h8 té Nthd F1F:RJatfBnRdhs according to

the second enbodinent; Figures 6(a) to 6(e) are perspective views for
describing in Fleyreati@) te dde)arephospedtiver miegs fosadddmribing Jusi ng t he
scrib | ine ffgrrri ng apparatus according to the second enbodi nent; and

Fi gur 8 7 SeQUEnE{idhOndet\f MREhod ofchesming psaidRsline uping thesserihe f or ni ng
apparatu C | t hird enbodi ) st _Mde for Carrying Qut the
| nvent i oﬁ'j%%ee{)gﬂ%aﬁ’g%gggé? iBes ’ﬁ"aeﬁﬁ%‘*‘a@gﬁﬁb@g‘mdw‘#‘&f m ng

appar atus and apggides liigh ' = are &&gx% ' r

I nvention, with rg?iérené'g taoéﬁle %gvm ngs.d!3 20 EE&%?%%%%C%I %%m;% gure 1
i s a sidéineefiotithig spiperatus Adeprdigste 3R iseeohd Nenbdddmahfg appar at us a.

according to a first enmbodinent. Figure 2 is a front view of the scribe
line forning afpgrEe 18 &ifeapt eyt schematicaldysshowothe $dridbd n

Fi 1 h i_be Li f ' 1 includ , sh [
i ol Ss 1468 £0GMT elPeralls scandfns o e reaPRg FRURHEORCEr 1110
material  subsEighfes 618) Y €fef HrldPBet it 1etyl dud Bk UdTRG1 bl &x t €

brittle
sequential order & method of forming a soribe line using the scribe

line forming apparatus according to the second embodiment: and
Figure 7 is a front view that schematically shows a scribe
15 line forming apparatus according to the third embodiment.
Best Mode for Carrying Out the Invention
The following describes in detaill a gcribe line forming
apparatus and a scribe line forming method according to the present
invention, with reference to the drawings.
20 THE PFIRST EMBODIMENT
Figure 1 is a gide view that schematically shows & scribe line
forming apparatus 1 according to a first embodiment. Figure 2 is
a front view of the scribe line forming apparatus 1 viewed from the
I-I crosgs-sectional line in Figure 1.
25 The scribe line formingapparatus lincludes, as showrz_in Figures
1 and 2, a table 101 used for horizontally £ixing a bri.tt:fe matexial
substrate S on which saribe lines are to be formed. Here, the “b—:»::l.ttle

material substrate S described in the present description is, more
7



material substrate S described in the present descriptionis, nore 7
specifically, a substrate having a |large size called a nother substrate.
Substrates that nay be made of gl ass, cerami c, sem conductor wafers or the
| i ke are sequentially divided into sections of predetermned snaller sizes
for av a side wall_ 102 on the side 5 of the table 101

| et,\,0f ;uses. On
used fo?‘g’#‘?céryfiiﬁal#%eaBPP?F‘F%terM‘é‘ﬂ% lengegizgcalied amafiiegsubgtraten3
ext endi NEHRA t43l ' i direction .vertical to the
pl ane of t he%fggm%%’“a‘g%fe??ﬁég%?fégg' é%é‘g‘éﬁﬂ' S SORARCT IR VAR at us 11
havi ng. wutheiligermiokenashtinlly &Rl ftko blot{shd B derddickatliia Bel N0
driven by the driving notor, the driving 10 apparatus I1 1s operable to
slide i FdgstekanenBor & verieignefiusesac ot dagie walh 1dreoflith@céiden in

whi cg th g_gi de rail 103 extends. A servo notor 2 is provided at the other
and 3f (HetOPitAMG iPpLead fon £ixing the Pyihblematerisl sibstreteisie

it . Vi 1 1 | d tati haft 3 that
or b ect o S Eat D10Y LPRANBH B ontall ATh 4 SRLSHHETD Tadirerstton shal
3 is rowveredcantdlthyqidne bHHECEM LT P%.g%) Iigé* %H&Pﬂ{f;dd”g?ée{ alg gk that

rotates integrally with the rotation sha rovi e ti'p of the

rotati o §R&Ving apparatupplt hiavgngrade1ding tdeed 1he1ddad ebahérpashaft 3
of 20 the servo nmotor 2 has, as shown In Figure 1, a frame body 4a being

a flat [fPdhe ghiferatbled: | Seipadriven bydihecdiivingmetatk t thadrdesdet er m ned
hei ght [ d.,of the frane body 4a, so that the supporting frane 4
is %bstfa %g%%ﬁ?sy%@ &fa gar?,h{ed 9 &g"é?ew Predeterminpd i@gfggF&ﬁ%B 9&!1 s

di sposegchbrgiitds Fer:! NG ng 2 he ojection part 4b is
posi ti ongg&t:o the%ﬁgggwﬁl ter Ir:rgi‘}(;)if i?‘he | ?:ggt?%r‘#eof:a%eiﬁ ‘al ong t he
gui de rail 10A éereo nidtor 2fis prodedsd Athendrsuidiobnande il akffidgprer and

of the projection part
apparatus ll. The servo motor 2 has, on the gide opposite to the

driving apparatus 11 side, a rotation shaft 3 that projects
15 horizontally for a predetermined distance. The rotation gshaft 3 is
rotated and driven by the servo motor 2. A supporting frame 4 that
rotates integrally with the rotation shaft 3 is provided at the tip
of the rotation shaft 3.
The supporting £rame 4 attached to the rotation shaft 3 of
20 the servo motor 2 has, as shown in Figure 1, a frame body 4a being
a flat plate and a projection part 4b projecting upward to a
predetermined height from one end of the f£rame body 4a, so that the
supporting frame 4 is substantially L-shaped in a side view. The
supporting frame 4 is disposed in such a manner that the end hav:l.ng
25 the projection part 4b is positioned to the fore in texrims of the
direction of the movement along the guide rail 103 (i.e. the left
silde of the drawing) and that the upper end of the projection part
4b is attached to the rotation shaft 3 of the servo motor 2.
8




4b is attached to the rotation shaft 3 of the servo notor 2. 8 A gl ass
cutter 5 is attached to the |ower surface near the , rear end, of the
frame body 4a of the supporting frame 4. The glass cutter 5 includes a
wheel tip 5a nade of a material having super hardness such as super-hard

| all oy, d di I d | d Sh hol d
The whoel 11p SreTeToebier SotAcartatBetohe, i A%0r R TR U thE |
at t ached r‘éQrtéiﬁi | S¥Rhe ﬁt&a‘eas&ﬁpﬁnt&etﬁé ﬁgeéxné%rgﬁlewegﬁ?waea&e ng frame

4, the giass cutter 5 integrally noves wth the supportin rame 4, as the

support i n:gttér Breintludye s whiad vhecsa hisdeSar ha mat el &L Ohalrisigppapend t he
central art in the thickness direction projects so as to have a | argest
di anet er b %‘-ﬁ@ﬂphp%# supprrhardurednlt ablayn sintexed fipgond| ¢rofhet he

hol d i he b h el |
'n coht atteal (41 RonElien i Ghat ol (e vRaSbrFE 5% BREFRIF-S cven mhen
the V"“ee' tip éﬁ;&éltﬂ%@e%%%gf %&Rﬁi{iﬁ?%\ﬂgs Qe §d‘i:o"€1§é' 163ky:Cr ack on

the brittle nmateria eel"tiIpbails presse’é agai nst

the surfgaefade Jrethsidridn® BBEP detbr SR HuppoRtindYerdhel ADaRIe HAREE | ar ger
than a predeterm ned | evel being applied, the wheel tip Sa nmakes a

verti cal cetteks intedraliyimovies withitbe BappsntMgfatme& ZotHasuppertiper
surface of the frane bod%/ 4a of the supporting frame 4, in the vicinity of

the gl asSTRHfE AeTO¥ReE anThf ¥hestct4p Fadas Ps""eﬁ*f’qiﬁ]ﬁ&ei’ee?ﬁ}ﬂ hecentznd is

h d d
For i oPaft o 9, Rl hebeb I p38k0)ny 44, 19, Bl I dBcefB ' *1 1
const ant a¥arneizyl 2 deweEcidkt 2. ¥ WALl Sales tﬁlﬁ:a%ﬁﬁﬁ} HAbpyS 2

solenoid coil. 6a that generates a lifting ectro-nmagneti c power when a

pr edet er thendodldelt Stybaving an opening at the bottom. The wheel tip 5a is
constantly in contact with the suxrface of the brittle material
substrate § even when the wheel tip 5a is not placed at a position

15 to make & vertical crack on the brittle material substrate S. When
the wheel tip 5a ig pressed against the surface of the brittle matexrilal
substrate S by an impact force larger than a predetermined level
being applied, the wheel tip 5a makes a vertical crack in the brittle
material substrate S.

20 On the upper surface of the frame body 4a ¢of the supporting
frame 4, in the vicinity of the glass cutter 5, an armature 6 that
is an impact applying means is provided. A spring (not shown in the
drawing) having a downward energizing force is attached around the
armature 6 so that the armature 6 is constantly energized downward.

25 Provided inside the axrmature 6 is a solenoid coil 6a 'l:hat; generates
a lifting electro-magnetic power when a predetermined zoltage is
epplied thereto. When a voltage 1s applied, the'_;i:ward
electro-magnetic power of the solenoid coil 6a is balanced with the
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applied thereto. Wien a voltage is applied, the upward electro-magnetic
power of the solenoid coil 6a is balanced with the 9 downward energi zi ng
force of the spring so that the armature 6 is in a notionless state. Wen
a voltage applied (I. e. electric current supplied) to the solenoid coil

e 1ost, SRRy’ SRS P o2 g Mg B e, bur IR B4 he 11 ame
pody 42 di¥a WBE1oN ML ELEN CHElks Bb1kAGE pRl1LER1 20! Wiloet e ent t hat

the wheel tip 5a of the glass cutter es a vertical crac n the

sur f ace supipltibé) brid t [thenbssldrlias UBSLT alsa s SEreppeeNt [the Wagkara
predeterm ned voltage is applied again, an upward el ectro-nmagnetic 10 power
acts an®lefErarnegns el epeerss of fbk solenoddmotildia s dost atmadagaimpact t shoul d
be n te%that in the first enbodinent, an explanation of an exanple of

the RecHSFCEal® GRRHIGS 5Pi the iWPPsF hars AL WFhe Framm bodade Porihe | s

appl i ed dfm f f ti fra 4 _by..t he dawnward
ener gi zi ng %’g?@%g“%ﬁﬁgggéﬁﬁé?ﬁg,°f&£§%%¥’%y§: g@g%r? Fﬁg%“ngtt%ﬁéb' h& \ﬁbee plied;
however tiipt 5& o EROPHERS A tBAVE mikeHBE RARKE8A] CRALKILE AirleOBul-fhdhi ch, on
the contrary, the armature 6 is normally held in a notionless state by an
upwar d eferthei byilttde coatbriat spbatgate\h8r eassubseguanthy} aghehs aappl i ed
(i. e. when electric current is supplied) a downward el eotro-nagnetic

pover ad@r8dofeupined vohagedgcarpidedcagalin,aniupward eIrctmoameoweihe 4a. Thi s
| at | Laurati | | ectrici ti b

t e 8] o HPFEE b nd oy B R TR oURF wlthCine ERobispides PRSI Bomiths he
el oasi ng & cog oSO bt 1] SiPeshe duiolngfl, Bletpfafattln, ) 4a

rel easing a cooling nmediumis attached 25 i

Wien t heff amraxenply df thie héchaiipplr somELduraitod IDPLSvided At WoMgh due to

unevenness in the brittle ‘
an impact force 1s applied to the frame body 4a of the supporting.

frame 4 by the downward energizing foxce of the spring, when the
15 voltage stops being applied; however, it is acceptable to have a
mechanical configuration in which, on the contrary, the armature
6 is normally held in a motionless state by an upward energizing
force of the spring, whereas when a voltage is applied (1. e. when
electric current is supplied) a downward electro-magnetic power acts
20 so that an impact force is applied to the frame body 4a. This latter
mechanical configuration has lower electricity consumption because

the electric current applying period is shorter.
On the rear end of the frame member 4a of the supporting frame
4, a cooling nozzle 7 for releasing a cooling medium is attached
25 iIntegrally to the frame body 4a. When the frame body 4a of the
supporting frame 4 moves up and down due to unevenness in the brittle
material substrate S or the like, the cooling nozzle 7 is able to
move in conjunction with the up-and-down movements of the frame body
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material substrate S or the like, the cooling nozzle 7 is able to nove in
conjunction with the up-and-down novenents of the frame body 10 4a of the
supporting frane 4. Further, the cooling nozzle 7 is connected to a

cool i ng nedi um source (not shown in the drawing) in which a predeterm ned

cool i ng di ' (] .1 rjge st,ate. | es qf cool i ng
nedi um tggbggp}aﬂllia%gﬁd %&&#\Bt %éég)o i ngﬁ%gﬁ%’ikl%e? cloﬁi'?ﬁngen%?q%&/b{]gﬁperat ure
l'i quid scohnastadol A¢ckAHAG MEaLUEO8bLRh §hefhdlown?1h OMd ARRRIAJ MGG 98S

such as nitrogen or carbon dioxide obtained by vaporization of liquid

ni t r ogenvhheh og presie terpipest doodling msdiun lLsastered Ney b gesrEyedated hel i um
10 On the rear side of the servo notor 2, a | aser

' | ir,
beam oscPFRER or EXATPLE%Pé Fhacqol ing mpdlum ahesral esseddrontheasbaldsar beam
t h Lt i al trate S th h .a hol it
S0 O3 ovnazhle otndludds PhitdenbolBlGre Yegpdaiiich R goal@aiaiar pRe.
supporti 8goiimf140884, tdabwbediSetdttrROfds Uud rééq{ﬁ:%%ew & plo laser
|

beam It should be noted that, in the first enbodi nent, "a heate Spot is
fornmed oflexiie wiitadeedf by vaguriizhk toneéer Lafuiaupatiagen Sndaryhachaser
beam oscillated by the | aser beam oscillator 8; however, it is acceptable
to use ahoPRRFCLVEAF-n@S Stldcas tamiingohegas atichnas sreldum aysaxgoryl bravi ol et
rays beséﬁﬁé%% r beanms, as long as it is possible 20 to heat the brittle
mat eri al St raté S in spots. The | aser beamoscillator 8, the gl ass

Quther 5, and slen8oRldgad'82 3 %Z%N&Inhe@fi,agﬁégaég% é{ﬁcggiggi n the

stated order in the direction e novenent PF 103. An

i rradi at® dis pavedded tiatChrtadiaftels Bogredstd-inadh aiah, badhidiid agr beam
oscillator 25 S. a contact area in which the wheel tip 5a of the glass

cutter FPUxieeqefsthendrittie matautel isabsswbtersitthréugard haleanmitngear ea
whi ch

provided at a predetermined position of the main frame 4a of the

supporting frame 4 and that heats the portion irradiated with the
15 laserbeam. It shouldbenoted that, inthe first embodiment, aheated

spot 15 formed on the surface of the brittle material substrate S

by the laser beam oscillated by the laser beam oscillator 8; however,

1t is acceptable to use another heating source that generates infrared

rays or ultraviolet rays besides laser beams, as long as it 1s possible
20 to heat the brittle material substrate S in spots.

The laser beamoscillator 8, the glass cutter 5, and the cooling
nozzle 7 mentioned above are arranged in the stated order in the
direction of the movement along the guide rail 103. An ixradiation
érea inwhich a laser beam s irradiated from the laser beam oscillator

25 8, a contact area in which the wheel tip 5a of the glass cutter 5
contacts the brittle material substrate S, and a 'cooling:trea which
is cooled by the cooling medium released £rom the cooling nozzle
7 are positioned being adjacent to one another and in the stated
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I's cooled by the cooling nmediumrel eased fromthe cooling nozzle 7 are
posi tioned bei ng adjacent to one another and in the:stated i1 order on the
brittle material substrate S. On the upper side of the serve notor 2, a
control apparatus 9 is provided that controls the driving of the

af orenent | ned o si)ﬁﬁ_uent ele nts such as the driving apparatus 11, the

| aser 5 85 AF 0Tt tile mater Bh PstEateeS7, and the li ke. The control
9 h [
T e vorent | oPhiHES 3??3?%‘*‘%3%5?% Fy€ Sigte R 8 and

the cool Bngengieleddd (thes &dferdlsbhae MRy, tthd APSrenERteBREE Of the
frame 4) along the guide rail 103, resulting from 10 the driving apparatus
11 and aPQbsml@zttseﬂ-hmemﬁs;muahemmhammng|appah'atup Ihd-thmvilagerenent s
of the wheel tip_5a of the glass cutter 5 that is in contact with the

surface BPERREHLIRtPR 8@?’%@ FapPling aorale 7.99%G thet ke ngTencoatspl acenent

of the rg he S nore, specific, the
wheel ti E’géi-&;hssﬁq'k% ass tef“er grq:&ag‘ﬁeg:g&%ﬁ#x& %’eﬁpb"taﬁeﬁ‘@ﬂgr“g‘f’ {'a
vertical mmﬁelﬁ]&amaﬂt%@@{d&kﬂﬁh { +Rer ggag y in
contact with the surface of the %ﬁ%&ﬂﬁ?eﬁglﬁb ?Eéraiét e\%glr)\i‘v\hen t he
wheel ti#§, 5and sheotoplimechozallea7 p(Eid.) thet dlsfitRemene’ smailt Ahaekeon the
brittle material substrate 20 S. Wien the wheel tip 5a being in contact

wi t h t he®SVFieRte 05 they £rape; 4) |adongt Ehe guidebsethild3s wesekting fmdmndown due

boai b B ety tog, SRy P wnpe; dRFere Wi &2@%%%#%@8%?2%
down i N LORIANGS.I R Wik nm%mg 2k éﬂ&f@ng&fjggsrgé ot edd 25 5a.

The up-and-down novenents of the frame bo e su§por |ng rame 4
gener at €5 thavhtlisng: dentewithothd Herfddeiss et BRBtLembtletiia substrate

S by detecting the displacement of the rotation shaft 3 of the servo

\/

motor 2.

15 ' To be more specific, the wheel tip 52 of the glass cutter 5
provided in order to generate a vertical crack being an origination
point of scribing is constantly in contact with the surface of the
brittle material subsﬁrate S even vwhen the wheel tip 5a is not placed
at aposition tomake avertical crackonthebrittlematexrial substrate

20 S. When the wheel tip 5a being in contact with the surface of the
brittle material substrate § moves up and down due to unevenness
of the brittle material substrate § or the like, the frame body 4b
of the supporting frame 4 fixing the holder 5b also moves up and
down in conjunction with the up~and-down movements of the wheel tip

25 5a. The up~-and-down movements of the frame body 4b of the supporting
frame 4 generate rotating movements of the rotation shaft 3 of the
servomotor2. Theencoder includedinthe control apparatus 9detects

the up-and-downmovements of the wheel tip 5aby detecting the rotation
12




servo nmotor 2. The encoder included in the control apparatus 9 detects the
up- and- down novenents of the wheel tip 5a by detecting the rotation 12
novenent of the rotation shaft 3 of the servo notor 2. The control
apparatus 9 detects, with the use of the encoder, wunevenness in the
surface of the britt]e terial substrate S from displacenent anount of

t he \AheeT“DY?'fbe@anTﬁgef’g%%ﬁtiﬁﬂi ghaft, 3,0h the RRYYY IREBF 2 | aser beam

irradiated fro r [ I v S St such a
detection r esuilﬁt‘é Ia‘%ﬁlgé gs?gpg%g%‘?négf%%‘%tg&msﬁg&[%etﬁgégn%ejgggiiﬁg? ﬁ%réurface
of the buné¢tdrmesat eiitdle sattdd of ecne beittld Mlteedh] bubsliats Iscdrbm nMake
rel ati ve novenent on the substrate so that the focal point is positioned
at the s@tfpiasaempptotmounty of nthdeherti bip Saof Tie Focelapelrdf feormingt a
predet ex di ed degth i_nside of, an irradi ated object, depending on the beam

shape, tPRPLGIARPE fytlRser heamirraiiated; from dhet hasex bepmnesdhllatoshoul d be
noted that, i i Loent, .the aling..nozzle 7 is_iptegrally
attachedgtjést _ rg:ggi_ %%ée‘g][@'? ﬂded@ﬁ r én%ag%‘aﬁ"”lﬁgé‘l&r ﬂ?ée slﬁ'ﬁﬁﬁr BF'HB frame 4
SO as t OFéUMKwinG €AB) URGHABIRaY Uh £RS dR-ARd CeWRLEDKE tesnﬁftei-bi}g' ass
cutter 5 being in contact with the surface of the brittle materia

subst r atsuttradet Sats Hutonatdoalgy comitrolled tol mbcetedttive abybRsht hei ght
fromthe surface of the brittle nmaterial substrate ' S; however, it is

accept abite the syksérate for thafche focrl printile Poritidingdiatatheisushacee
cool,isn le 7,.J0S_position I S justed according to the detection
resd tg ‘gt;’zéﬁ eiﬁll?:%gg'?,ihiﬁ' 8%% ?‘?‘&dé&u%ggoprﬁ%al I TEER et EPPF%![ or 8.

The fol | s 825 i Ne%abiigrQPRALLEN Alndiiing b Hihd bRk Glefldl0engroar at us

according to the first enbodi nen nce to t I'gure 3(a) to
3(c). Awstedength, Fagurthed pbdge widthboict the It balamsubstrate S on

It should be noted that, in the first embodiment, the cooling

nozzle 7 is integrally attached to the rear end of the frame body
15 4a of the supporting frame 4 so as to move in conjunction with the
up-and-down movements of the glass cutter 5 being in contact with
the surface of the brittle material substrate S, so that the cooling
medium is released at a constant height from the surface of the brittle
material substrate S; however, it is acceptable to have an arrangement
20 wherein the height at which the cooling nozzle 7 is positioned is
adjusted according to the detection results by the encoder, like

in the case of the laser bheam oscilletor 8.
The followingdescribes the operation of the scribe line forming
apparatus according to the first embodiment, with reference to the

25 Figure 3(a) to 3(o).

£
As shown in Figure 3(a), the brittle material substrate S on
which a scribe line is tobe foxmed is £ixed at a predetermined position
on the table 101, while the wheel tip 5a is positioned on the rear
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which a scribe line is to be formed is fixed at a predeterm ned position
on the table 101, while the wheel tip 5a is positioned on the rear 13 side
of the table 101. Subsequently, the driving apparatus 11 and the control
apparatus 9 are driven so that the supporting frane 4 to which the wheel

tip 5a, I b oscillator 8 and the cooling nozzle 5 7 are
attachedg%}ge r‘r%f/géetgwrediﬁhe fore (to the left side of the figure 1) on
the surface ofgdiaddbhtiye ekl b . L.n _thig situatiaqn, the
wheel tip Sa of thghgf‘as}!g R eéi’%h’u’? p%éé P%r‘n’gd 11at‘”‘él;]h |°gh?°‘§‘ﬁ° tly

| ower t heppatdagubr § taddecdrddeal k8! triat &he ahihpartRhg ahna N4 e whalh enkP 1.
Further, the control apparatus 9 controls 10 the torque exerted by the

servo nothelotdn $ame thepbrsar beamreswdldator Shiand the @oddagonbiale 5 i S
atta hed7 SQ t@g%}?n excessive pressure is not applied downward to the

surfdce of Th8*HRFERT EnlPEPd dfowamdstharRores. (tanthe tinftusdde of (k8 of the
o rive arieieo 18 o hePoeiloct o408 prts ABAR Btz St B & O

arrive at a position at an e t

cont ol e scaculaeuton) Hiaindol REBIRGE i oUENPLRLLD0 52 BbLL ERlndd 20K 11

the surface of the brittle material substrate S1s not a to the

gl ass c@t &r heighhesldiohitdy laareththethdaetittilp hatdowll saBserate & hei ght
slightly _|ower than 20 the surface of the brittle material substrate S

t ouches eg R thgrtade 103« ¢ Farthamr the conbrol appasatusd obmbtols p 5a

conthn t ceed onto the surface of the brittle material substrate
S, i?m‘ ;J ﬁ%‘ﬁt Q‘éﬁ‘?‘%pieﬁ%’%ga ‘?%é%dﬁ%%‘? mMofex e | A1 Itéené‘lﬁ%l?‘?%iﬂguﬁ‘é‘lf‘}‘%t“eus. As

the Wheb Wrisbtbmdass Beeded Whlebl SRHLIPEE QLR DUIMIE S

material substrate S, the glass cutter make up-a _
t hese upsaod-agpideddoenenidtative Sinfudess itk bttt ma®b2iiPBusdtrate

s.
When the wheel tip 5a of the glass cutter 5 driven by the driving
15 apparatus 11 has moved forward to arrive at a position at an edge
of the brittle material substrate S, control is exerted so that a
pressure for generating a vertical crack in the surface of the brittle
material substrate S is not applied to the glass cutter 5; therefore,
after the wheel tip 5a positioned at a height slightly lower than
20 the surface of the brittle material substrate § touches the edge
of the br;!.ttle material substrate S, the wheel tip 5a continues to
proceed up onto the surface of the brittle material substrate S,
without chipping off the edge of the brittle material substrate S.
As the wheel tip 5a has proceeded up onto the surface of the brittle
25 material substrate S, the glass cutter 5 make up-and-down movements,
and these up-and-down movements are transferred to the rotation of
the rotation shaft 3 of the servo motor 2. Accordingly, the encoder
included in the control apparatus 9 detects that the wheel tip 5a
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the rotation shaft 3 of the servo notor 2. Accordingly, the encoder

I ncluded in the control apparatus 9 detects that the wheel tip 5a 14 of

the glass cutter 5 has proceeded up onto the surface of the brittle

material substrate S. Ali \Wen the encoder has detected that the wheel tip
tle

5a of the. gl t h ded toth f f the brit
vat or i alo® t8° SReF Farien RiReRitade G REa e TRERROR FIe BREEVR { age

appli ed g eig1 Sohsdiaflec@ll . 6a in the armature 6. As a result, the
armature 6 noves downward due to an energizing force of the spring and

applies an i mment theremddert hes uppioted! tR&E wfe %h@eir@i% 5808¥ ¢ Because
of this inpact force being applied, the wheel tip 5a of the glass 10 cutter

5 bei ng 9iRsgsmtier Shiaspraseedadipoatofthelmrifase bifchertirrtitae matedyAY at e S

appl Les a{%%brggt igplact force to the edge on the surface of the brittle
mat efi al®OFhSRFarY §he (ATEQRRraratys  favms fEithe voltrgs appliad t i cal
crack T | 1.N Ls.fornmed in_ t surface of the
brittl e%%éllgg?e’g%%g? %g%erg asf’%&%gég“&eﬁffyg; a‘gig ﬁ%‘f‘paetge&i‘% "ﬁ'ﬁﬁﬁ%ed to the
sol enoi & mevds Bewa@Ridass tohdl eAdrg Pl By FOrJROR UheCoROMRY adPaphBibd/P the
armature 6 is generated. The downward energizing force of the spring is
bal ance@nwimprath§oree dist the mpgpest surfamecof piishEpgne Bodydsa S OBéEAIsd he

ar mat ur e 6€§ays not i onl ess being positioned at a predeterm ned height. 20

After tRE TR1% ipact, Sexcer hedngoappling. githat vheel it Safofs dhebalass i s

f d f ipt] ial subsirate S by the wheel tip 5

of Tho Yathdf £38808 s UBnBhLE Wi oS lirate 5 (Bie bRLCM e BateR i ot of 5

S0 t hat sAbgte&EsIEagies S)aualbt dmbak BEEE '21%%4 b eitoﬁa?tbeséi%%«fece of the
|

brittle material substrate Sis not™appli and s a snha | oad
t hat al P§wdettird thflesilatbrpabaubstrat®i NCofisequently, as shown in Figure

3(b), a vertical crack T having a pradet_émined depth is formed in
the surface of the brittle material substrate S. Subsequently, a

15 voltage is applied to the solenoid coil 6a again so that an
electro~-magnetic power to push up the armature 6 is generated. The
downward energizing force of the spring is balanced with the
electro-magnetic power pushing upward, so that the armature 6 stays
motionless being positioned at a predetermined height.

20 After thevertical crack T tobeanorigination point of scxribing
1s formed at the edge of the brittle material substrate.S by the
wheel tip 5a of the glass cutter 5, the control apparatus 9 controls
the servo motor 2 so that a pressure large enough to form a scribe
line in the surface of the brittle material substrate S is not applied

25 and so that a small load that allows the wheel tip 5a to remain in
contactwith the surfaceof thebrittlematerial substrates :I:; exerted.

. Since the glass cutter 5 includes the wheel tip 5a thé:t—::olls
and moves while being in contact with the surface of the brittle
15



contact with the surface of the brittle material substrate S is exerted.
Since the glass cutter 5 includes the wheel tip 5a that rolls and noves
while being in contact with the surface of the brittle 15 nmaterial

substrate S, when the surface of the brittle material 'substrate S has
tip. 5a being in contact with

I d h i k h |
Uhe. brit iesrertelPhliSunale [1° yhen kuo GRETRAR. @ FhR0 PERERLS MBYPTAg: anct | on
with the ginepdtd WVhas FRNRITE rarsgl,ois mﬁ-g%a : eelr R t RS e SHRRY ttifigg fram

4 with which the holder 5b 1s xed has™ up-and- down novenen Due to

the up- &adiedng HnvesRBact Ofl i etifd RAYHIRI mhtafEal, sidttraebaki dagshaft 3
of the servonotor 2 has rotational npbvenents. The encoder included in the

control APpardrdéewn mevementaunevannesnjunstpen andht hihe | wp-di-downhe

brittge %ateriagss@ rate %%}Ietecti ng such rotational novenents of the
BRSS §T (the e GR JtherRUDPORELRG £Xameafavith vhdghusts t he

rotatTon
focal poi { 4.1 I ci,l ] ator 8 based_on uneyenness,
warps, ot heri BB ks A nRE - REhoud keiveReRfE REF SR EHEccn

det ect edupyahfedQir POGEmerts f the! ARHdt18Y G anb 4 NenBiidthltSoBiiEal
substrate S has unevenness or the like, a |laser beamis irradiated with a
focal poRmf the geposmoten2 has dotatdondbmevafients. dheaeniaiiat Aiglvuded dept h
inside of, the brittle material substrate S. Since the cooling nozzle 7
for suppWiW&"nEBB%iq@%Mrﬁ Aeteqts pngvegnens awheEs ¢ ndhthe ddkeend of

up " B e et olheb ol BRBE e, R attee Hpes RO oo e ool
tip 5a rRevehments biohHd PEYAAMSShard) 3t$§tﬁg(r§neggg wedds, b&.hgzﬁog‘t%&eri al

substrate S. The cooling nozzle 7 Is positi so that the ance
bet ween ehpavmthisof9 tadjusasl thg BOEal epointPobheLdN | &f | EndTBlerdlbedi

substrate S is kept constant. Thus, even if the brittle materi al
oscillator 8 based on unevenness, warps, and the like of the brittle
material substrate S that has been detected by the encoder. As a
15 result, even if the brittle material substrate S has unevenness or
the like, a laser beam is irradiated with a focal point at a position
on the surface of, ox at a predetermined depth inside of, the brittle
material substrate S. Since the cooling nozzle 7 for supplying a
cooling medium is integrally attached to the rear end of the frame
20 body 4b of the supporting frame 4, the cooling nozzle 7 moves up
and dovn in conjunction with the up-and-down movements of the wheel
tip 5aresulting fromunevenness in the surface of the brittle material
substrate $. The cooling nozzle 7 is positioned so that the distance
between the end of the cooling nozzle 7 and the brittle material
25 substrate § is kept constant. Thus, even if the brittle material
substrate § has unevenness or the like, the cooling nozzle 7 is
posltioned so as to always be able to supply a cooling medium properly.

Subsequently, as showninFigure 3(c), the laserbeamoscillator
le




substrate S has unevenness or the |ike, the cooling nozzle 7 is positioned
so as to always be able to supply a cooling nedium properly. Subsequently,
as shown in Figure 3 (c), the | aserbeanovoillator 16 8, the wheel tip 5a,
and the cooling nozzle 7 each nove in the predeterm ned directions on the
surface Q{ %E? brittle material substrate S, being driven by the driving
appar at us ‘1FPEnEReRt Bt 2nfpfhrarerling nogedni ¢ epehdrevsh inpAhehe fore

si de of ' ' ' t e Q he.britfle terial

subst r at tep';%alég Eeat ed%i%{?ég +%és?er1‘?n begmﬁlﬁ%%g? a?ffec}'s‘r?y btrﬁ'é%%‘%s’ﬁn&aeﬁgﬁhh

osci | | at aubBtiatas, WRARG @iIves i thd aeiviie appstaaf #P8RdNMe dBitho1i N Ot her
words, to a tenperature |lower than the glass softening point. As a result,
in the i @PRarares . .arkm thisnsimatidrheohaktes foranuide iaf aHeadathnihg t he
surface qQf the brittle material substrate S is heated w thout being

mel t ed. BREYOR o Fhe gurfage of the brithe prterialysehstnate $ dgdieatedn area

L of th t f _the brittl terjal bst r at S,
cogl [ ngér?‘gglaﬁ%]_a%@mé eas%&@?‘%‘ﬁgﬁﬁﬁcgﬁ [ _relf'fo_ ?g’@nssg%ifafﬁ%ufg téae§o| [ nga
area C i teppoMatind atiif tRSHu:eaE déééﬂb?tr{lﬁ.g: ,aiﬁaoﬁﬂeexhgw, Q}é

irradiation of a | aser beamon the surface o britt mat er a

subst r at 8 Bymperingeclover thinethe iglagensobtaiindUpolint ) has Aeadduise, by the
| aser beam In the cooling area C onto which the cooling nmediumis

r el easeditatie figadiatien anen fopnrvirich dhe Lasendesgolisngrogligitedhe gl ass
surfgee t 00l i medi Since the tensile stress s _generated being
adj af(;dént ? qqﬁ?%ggnﬁfggﬁ gé‘gg%}%é'?tﬁé'ﬁﬁiaﬁ trRte Rels hegtegotidiontadi ati on
area L, BeHid 9fit@gadi ent occurs between these areas due to the stress in
each area. us, a vertical crack keeps extending in the brittle materi al

substrate S al Pagtlee) onngtk 28asGidecin ithe, vE&BIiityes ftHany Hheaitighnat i on
poi nt being the vertical
arealL of the laserbeamon the surface of the brittlematerial substrate
S, a cooling medium is released from the cooling nozzle 7 so that
15 & cooling area C is provided. In the laser beam irradiation area
L heated by irradiation of a laser beam on the surface of the brittle
material substrate S, a compressive stress is generated due to the
heat;l.ng by the laserbeam. InthecoolingareaContowhich the cooling
medium i1s released, a tensile stress is generated due to the cooling
20 of the gleass surface by the cooling medium. Since the tensile stress
is generated being adjacent to the compressive stress generated in
the laser beam irradiation area L, a stress gradient occurs between
‘these areas due to the stress in each area. Thus, a vertical crack
keeps extending in the brittle material substrate § along a planned
25 saribe line_, starting from the or;gination point being th;e vertical
crack T foxmed at the edge of the brittle material subsgrate S and
keeping the depth of the vertical crack T. In thismanner, as a result
of the laser beam oscillator 8 and the cooling nozzle 7 being scanned
17




crack T foamed at the edge of the brittle material substrate S and keeping
the depth of the vertical, crack T. In this manner, .as a result of the

| aser beam oscillator 8 and the cooling nozzle 7 being scanned 17
sequentially in predeterm ned directions, scribe |ines extending along the
scanning direction are fornme. Wen a scribe line is forned starting from an
ori gi nat femendilaf lybin myreadatemetiiadc directbing, fsortbed Ihneshextbeding i p 5a of
the glass, 5 cutter 5 at the edge of the brittle material substrate S,

usi ng a $HPsLhgr ggraing digectirp meenERredhe | aser beamirradiation area
L in which | | Sql | at d.th | i C ont whi ch
Gool i ng. o urli & 8PaRRe 1h¢ 18 PoBned RS IAT eFaR b ik L8R Lo Podns 1)

not be fﬁﬁ@dtﬁémﬁv&ﬁa@i‘@tmi:?tiwg%geinl‘%:‘ﬁﬁe $8C¢ MheSgiadie |ine

SLC, in the case where, as shown in Figure ), scribe ITne SLC

ext eddi noptiterasdat etlid edgéoof ther et tldmaterbal isuhsdrite g Ousiifigad r eady
formed between the | aser beam irradiation area L and the cooling area C,
because ¥1Ress: PEaA1LYN @cenrring batveen fthe laser heamheradidtdonnarezect i ng

i be 1. i 5 i ti d. To_( i th thi r obl di t
the sor At FHECH o TeRs st A, veraafledh B e cpobHBE FmenE, SRFE encoder
i ncl udedinich bNSosLilg Headh a(r?fs.—uie.?%éi@,t %ﬁggeaylébsgsﬁf;{i&ngvsﬁent of

t he supporting frame 4 being Iven by the driving appar | ong the

gui de raddrib@3.1ifenamayt heotc aRs I Edrmdd aiRissing Tvere anothér TRRREY the
position at which the intersecting scribe Iine SLC has been forned,
i me8i atidIberserting tsHexrihn ddinet $EC 5 ancthe vesg|vwhegec uad ehodn dir Figsre at a

positio yond the intersecting scribe line SLC, the voltage application
(el ectr in‘:‘c(%su &é?lts%&bﬁl%"et%“f ﬁgtgﬁﬁ%i’& 2 Gireghion toy nrenaestythe s i s

;1 oPRed sclifutgl LA0Bckioh 149° ity oyl orkeB® | T HlGn Ve
irradiation areaL and the cooling area C, because the stress gradient
is out off at a place where the intersecting scribe line SLC is

15 positioned. To cope with thie problem, according to the scribe line
forming apparatus 1 of the present embodiment, the encoder included
in the control apparatus 9 detects a distance of the movement of
the supporting £rame 4 being driven by the driving apparatus 11 along
the guide rail 103. Since the control apparatus 9 stores in a memoxy

20 thepositionatwhich the intexsecting scribe line SLChas been formed,
immediately before the wheel tip 5a of the glass cutter 5 arrives
at a position beyond the intersecting scribe line SLC, the voltage
application (electric current supply) to the solenoid coil 6a in
the armature 6 is stopped. The voltage ig turned off, not at the

25 same time as the wheel tip 5a arrives at the intersecting soribe
line SLC, but earlier than the arrival time, for the sum of a period
of eleotric transient delay due to an inductance component of the
solenoid coil 6a and a period of delay due to mechanical inexrtia
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line SLC, but earlier than the arrival time, for the sumof a period of
electric transient delay due to an inductance conponent of the solenoid
coil 6a and a period of delay due to nechanical inertia 18 for the
novenent of the wheel tip 5a to rise to a predeterm ned height directly
above the intersection position Z. It is possible to calculate the sum of

the peri50% thedipverart of therwhaal tin SpjesTide te gonasiatermined hotght ¢
current applie a required t ue vgl.ue), and e venment
cpeed of SPHEHINE St BE Bt “Faf Srder b BRE T o ate T PRFERIT ofF Vel s
are cal cobhpherthtenthdi fmi"BE"Ee PaTioRkCeRtinf eSbOEAL: onEt;?%Ithh gpparat us
9 so that an appropriate delay period value can bé read Tromthe storage
ar ea andths edilethe\eleditiic auitens ¥albe wobslbppDied sa yetudred korgad i be
condition is altered. 10 Wen the electricity supplied to the solenoid coil
6a i $ stvpra) . and|the mpyenergespoddceft thepdrmiilngip G rddbbivedo the t he
armat ure ward due tQ the energizing force of the spring and

applies © %ﬁm_ %(S:f[ < ep?’éi?dné’aa‘ﬁﬁ@ra%_ celafed 12 SippoaTeg fhdne 4.
o158 oo el (00 RS S g i

applied 15 to the edge of the sur rirttre ma ate S
and to dékaypérivd yalie caf e read FiionPthd 8tbiady) afes MM ubda Fegtte 3 (€) |
thereby a vertical crack T having a predeterm ned depth to be an

ori gi nattigme paewtscrdbetdonditiondsl seteof dhewordhe conéibthew iataltepedi ti on
bey{ind t he i%rsecti ng scribe line SLC provided on the surface of 20 the
bri ¢€l e Vﬁ%ﬁfb g eleploricity supndied tha Ther pelrnpaidncoldvém 45 sfopbedpe | ne

SLC Is f d i di ' ' h [
directi Gariiey BY € berBoftolRarbafebl £\ 8100 meuBh: “Gle iRpRERE] 00
| S pOSSidhevés abRfitd|@us €6ithR didig1SngAr B R0kLS Bk fnd Bh apRh 1025 CT ack

T wthout failure.
an impact fo::cc_a to the upper surface of the supportingframe 4. Because

of this impact force being applied, an abrupt impact force is applied'
15 to the edge of the surface of the brittle material substrate S and

to the vicinity of the intersection position Z shown in Figure 3(e);

thereby a vertical crack T having a predetermined depth to be an

originationpoint for the scribe line formation is formed at aposition

beyond the intersecting scribe line SLC provided on the surface of
20 the brittle material substrate S.

With this arrangement, even if a scribe line SLC is formed
so as to extend in a direction to intersect the scanning direction
and to be in the path of another scribe line SL to be formed, it
1s possible to form the scribe line SL continued from a vertiocal

25 crack T without failure.

-

As explained so far, the soribe line forming apparatus 1 of
the first embodiment generates a vertical crack T in the '_s:t‘rface
of the brittle materisl substrate S§ with an impact force from the
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As expl ained so far, the scribe line form ng apparatus 1 of the first
enbodi ment generates a vertical crack T in the surface of the brittle
material substrate S with an inpact force fromthe 19 armature 6 provided
above the glass cutter 5. Since an abrupt inpact force is applied only to

a desire | 'gﬁrggfé&f Egrfgﬁe gf the brittle material substrate S, it
is possible to gefie RROVRFPP @2RP8 GUEERT P -h RATS a0 sbrept ABPRCEepth to
di vi de thexrsdilgt & | i | ' racy.. The iinpact force
rom the et o SRRt PIT oS o ARaDed dobs S GF WHCGreddl o RS

conpar edbxidtdepnaisming prbatirded shyitilis pEENARId 66 dendrhtd the YepffcdOver i ng

apparatus. Thus, it is possible to nmake the scribe |ine form ng apparatus
si npl e FRPICHPAGInG A syfficlend: dgndh todividedthef sutetriatedato apptiess f rom t he

ar matur e lass cutter 5 perforns a scribing operation while being
I n ctosntg%itq:hvrl?ng'gﬁ‘gﬁ #f¥-ace of the brittle material substrate Swith a

requi red m niggREN iee ) e e, .t _1s possihle to prevent

chipping and the i?@l%e tﬁg%gén%}r etégués%&aq{a % ﬁemﬁﬁgtgeglfmaﬁ@dﬁ?t%e

mat er i alexitremebyt Lateld ytxungthe cbhglled | #b 22 Pfeddifed t

proceeds up onto the brittle material substra ee S. Fulrp?ﬁgjr'&é% h@vﬁéeel tip

5a of tfonyeasioral reliftingiang lowenrimganiparaitih . t Mhusyritoce pebsitea brittl e
te S nmoves up and down in accordance wi th unevenness or

nmat eri altosu stgg .
the |ikée % &R fecibe Igpetrrdpgpaparpius sisple and tonpagtdrssized t he

encgger detec hg. .un- 5 movenents. of .the wheel tip 5a from

r ot atdi on of t%%e%o%t%ﬁ%@gﬂ%%gnésw%t ﬁ@i’eﬁ%&rﬂ’ﬂt‘i}}e WFHE‘B%% he’¢ ocal

poi nt pediebsotuitfer bpedrasht L 96 ' j a .ng to the
detection results of the encoggﬁ evelﬁblé%%jf?gl t;’?%?‘%béﬂ,}ﬁﬁnerﬁél%% strate S
has uneWiithetie gBrfnce b thebrittlenateliRanthbs RS i thid adimaiAdh at a

position. on
minimum scribe pressure; therefore, it is possible toprevent chipping

and the like that may be caused at the edge of the brittle material
15 substrate S when the wheel tip 5a of the glass cutter 5 proceeds
up onto the brittle material substrate §.
| Further, the wheel tip 5a of the glass cutter 5 being in contact
with the surface of the brittle material substrate S moves up and
down in accordance with unevenness or the like of the surface of
20 the brittle material substrate 5, and the encoder detects the
up-and-down movements of the wheel tip 5a fromrotation of the rotation
shaft 3 of the servo motor 2. Since the focal point position of the
laser beamoscillator 8 .is adjusted according to the detection results
of the encoder, even if thebrittlematerial substrate Shas unevenness
25 or the like, a laser beam is properly irradiated at a position on
the surface of, or at a predetermined depth inside of, the brittle
material substrate S, so that a scribe line can be formed in the
surface of, or inside of, the substrate with high accuracy.
20




the surface of, or at a predeterm ned depth inside of, the brittle
material substrate S, so that a scribe Iine can be fornmed in the surface
of, or inside of, the substrate with high accuracy. 20 Furthernore, a
vertical crack T being an origination point of a scribe line is fornmed by

the wheel tip the glass cufter 5, and the vertical crack T is urged
to extend al onge’ff%bm ?c?’?'ﬁ'e{cﬁ gEackyT ReIRg a7 HIRAFLMR RAR o t he
brittle tgrd u t agur ' t occurs
bet ween {aaeghée%ﬁb%ghﬁé\é tq'htsegéfr%der %ggemq‘g‘r% lt ﬁgpgsf?‘of’? n%l%? %%rgcuoo %ng

medi um ors,td bheé Mekr€icaRlceatRIT SyRFHealit Sxctditalofg hlMianhsagriabat ed only
by a very small anmount near the origination point, and the anpunt of
Gul | et géfBpathaymepns \off Fhexmal stahinof the hrittie rnateainfcsupatrate

conve tigna% rre# hod 10 with a blade is used. The control apparatus 9
cont rdl s 5rh22%H% OPY WSIPERRTES Fraglent fkat occurE batyeph thadsatd®d tip 5a

noves whj ,f)&lk ' t ] t re gt

substr at gi El;té:i oads%f‘ é’ﬁd&%gs&ﬁoglmygfil%wg?ﬁéyﬁéégd?%gggh?oéé&aﬁge t he
sur f ace. mdbepidheubbesitd §P Thud 3180 As! d&Headtkl dnll vy &Ry )Eeni1an edge
of the brittle material substrate S or in the vicinity of the intersection
posi t i onamoght ngar dhemriginetEirCpoiat, had thecanount| ofbesll dtogenmsa tielkde

cont rol 9 controls the driving of the armature 6 so that a

par at us
verti cal ggr‘é%%’ Wt Frrbles Ehen ckhithedcaepwhere goommvensdonal mathed tt| e
SUbSMat@iu%ol%% Le 1§ is possible to forma scribe line SL with high

accuracy. | MENT Figure 4 is a side view that schematically

shows a scri beﬁgr&ngmnaﬁ%mrgté& 018&C ' &R0
enbodiment. Figure 5 is afront viewo t%eﬁ&%giﬁergﬁgém ng agpar at us
1' vi ewedppaxabus?El aodhattheeiidednialp 54 fovedwhile befhgkept 4n contact

with the surface of the brittle substrate by a load which does not

allow the wheel tip Sa to damage the gurface. When the wheel tip

15 5a i=s positioned in the vicinlity of an edge of the brittle material

gubstrate S or in the vicinity of the intersection position Z of

ascribe line SLC thathas previouslybeen formed, the control apparatus

9 controls the driving of the armature 6 so that a verticel crack

having a predetermined depth is generated in the brittle substrate;

20 therefore, it is possible to form a scribe line SL with high accuracy.
THE SECOND EMBODIMENT

Figure 4 is a side view that schematically shows a scribe line

forming apparatus 1° according to the second embodiment. Figure 5

is a £front view of the scribe line forming apparatus 1' viewed from

25 @& cross sectional line IV-IV in Figure 4.

£
In the scribe line forming apparatus 1’ according to the second

embodiment, as shown in Figure 4, the laser beam oscillator 8 is
provided so as to prolong toward the rear side (the right side in
21




fi In the scribe line formng apparatus x ' according to the second
enbodi nent, as shown in Figure 4, the | aser beamoscillator 8 is provided
so as to prolong toward the rear side (the right side in 21 the draw ng)
fromthe control apparatus 9 so that a | aser beamis irradiated on the

rear sid feth si.tion, at l.ch the eel ti 53 of . _the,glass cutter 5
is in con %c a\‘/"mifﬁ?t %Omsﬁp?a%o\é\’qﬁpgt ﬁ%pﬁvgf}t"lgl & ?rgtté*ai%af %‘Eﬁﬁ'{ ng“@ ! 5 Since
other CopfFLiN-36l08S tHeCrddi® ¢1AEEREhbNESE fort BE ﬁﬂahb%elwqa%ﬂ e{gn ng
apparatus 1 according to the first enbodinent, detailed explanation wll
be omi tt 24l ofl the ghasmceubtied 51 froLshtactRDEl ahdsuk'tacklv® theekitta 5a, the
| aser beamoscillator 8, and the cooling nozzle 7 are arranged 10 in the

st at ed Jrfesriglopygbetreats Becti on of the novenent follow ng the guide rail

103. di t act i.n which the wheel tip 5a of the gl
cutt &5 cont SETIES AERGR PorF BTt APRAREe e P s ShogR 95 PARFSFIGH o oa i n

whi ch a { AsLEcREAR htpd | :{,58@ | ASE gﬁgfglgé Ll and a
cooling area whi ch’ ?@%%@%f%?g? e E‘Eg'gﬁi ng %e um reﬁke:éggggﬂg%] t he
cool i ng épyidmation €110 Yd bl€tedpbei ng adj acent to one anot her on the
brittle material substrate S. In the scribe line formng apparatus 1 ' of

t he second enbtnlithenscribd dimec Edoninnappdedtusn 1 'he thenwhadl adpadai us 9
detects the _up-and-down novenments of.the wheel tip 5a of the glass cutter

5 that ndRd2RRT Reameeelliafor, 8. andithe faalipgnasalendcars awangedi (| e

t qri al t \ tatj.on-_,of tati ft 3,0f th
Cor 18! o 5 behfoondlrcin il WAL EeaBh, &R S pRreRtn® FitaemBl [ 1o o1
8 provi dage glflad 111063 S| Aecttaidily)! 2TontHEL Hren 1S vidicHstigdwhespr ding to

the detection results.
tip S5a of the glass cutter 5 contacts the brittle material substrate

S, an irradiation area in which a laser beam is irradiated from the

laser beam oscillator 8, and a cooling area which ig cooled by the

15 cooling medium released from the cooling nozzle 7 are positioned

being adjacent to one another on the brittle material substrate S.

Inthescribeline formingapparatusl’ of the second embodiment,

the encoder included in the control apparatus 9 detects the up-and~down

movements of the wheel tip 5a of the glass cutter 5 that moves while

20 Dbeing in contact with the surface of the brittle material substrate

S, based on rotation of the rotation shaft 3 of the servo motor 2.

The laser ixradiation position of the laser beamoscillator 8 provided

on the rear side of the glass cutter 5 is adjusted actording to the
detection results.

25 The operation of the scribe line forming apparatue 1’ according

to the second embodiment is substantially the same as the operation

of the scribe line formingapparatus 1 according to the £irst embodiment

descoribedabove. SinceFigures6(a)to6(e)areprovidedforreference
22




25 The operation of the scribe Iine form ng apparatus 1' according to the
second enbodi nent is substantially the sane as the operation of the scribe
line form ng apparatus 1 according to the first enbodi nent described above

Since Figures 6 (a) to 6 (e) are provided for reference 22 to illustrate

t he operﬁtion of the scribe |line form ng apparatus 1 of the second
embodi meh?, 1Hbiskibate e cnexntian pf |the: sexibe ckine fremirg japparrfesf oani ng

tus, 1/ di ment t i cal Tin th
SO tace 5 e A el G PaReE i o Go R 50 A B o5 B £ om t o
armature 6 proyhés@drabeene tdiimihgBbpethteE 1 oS itieSbnaUnRlaBRact force

Is applied only to a desired position on the surface of the brittle

mat er i al geudRtres 8 vedtical icrapksBiinl £hé auyEacs dfethdordecle amlteeiatk T
having a sufficient depth to divide the substrate into sections with high
accurfacySURHaRLE0S 3H- thrdm dmpret donce fieam fhpl amwmtiref previdedieboves, the
wheel ti of th tter 5 receives o ht |1oad that allows

the wheé e?qiﬁsgac gt%l'e%;isrgfr’r?ecaﬁtﬁ B P‘H‘pﬁﬁglg"(ﬁ?ﬁ%i& VPR BRI LI e
mat er | al 6 W12k pesifiol Bn 4RI ALRCE dY SUPLELITNSHAG A G Pate

therefore, it is possible to prevent chipping an e at nay 15 be

caused &%, the.scplgesinflettegdididtectigvert fdalsohed Thavinyhamddieienbeel tip
5a of the glass cutter 5 proceeds up onto the brittle nmaterial substrate

S. Furt Hi9Pth fe djiide the subgtpate hntgisections woth BigkiacguracyonWher with

the,surface of the brittle material substrate S noves up and 20 down in
acco r%d ance %Wﬁ%uﬁ% A8s20oh (2RRTded; fEomthe, armptue. 6, othe iwhesd; tipe

e |2 WESHAS Sy KL - GASOE o) 3l Coad BRS040 TRy

of the wheel tip romrotation of the-r _ Servo
not or 2.wheed ftapaba P RemADSiin @Bnehct RALIELRE sSRHB0881 bR t814S

adj usted so as to be in accordance with the
material substrate S and to generate a predetermined scribe line;

therefore, it is possible to prevent chipping and the like that may

15 be caused at the edge of the brittle material substrate S when the

wheel tip 5a of the glass cutter 5 proceeds up onto the brittlematerial
substrate S.

Further, the wheel tip 5a of the glass cutter 5 being in contact

with the surface of the brittle material substrate S moves up and

20 down in accordance with unevenness or the like of the surface of

the brittle material substrate S, and the.encoder detects the

up-and-down movements of the wheel tip 5a fromrotation of the rotation

shaft 3 of the sexvo motor 2. The focal point position of the laser

beam oscillator 8 is adjusted so as to be in accordance with the

25 unevenness of the brittle material substrate S, basedon thej_. detection

&~
results of the encoder; therefore, even if the brittle material

substrate S has unevenness or the like, a laser beam is gr:éerly
irradiated at a position on the surface of, or at a predetermined
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25 unevenness of the brittle material substrate S, based on the deteotion
results of the encoder; therefore, even if the brittle material substrate
S has unevenness or the like, a |laser beamis properly irradiated at a

position on the surface of, or at a predeterm ned 23 depth inside of, the

"brittle material substrate S, so that a scribe Iline can be for_rred W th
hi gh accifiidyingide of) Rberhatehvoraterinlr sulEtzatg §i go thathatseribe

schematical |y shows_ a scribe I 5 form ng apparatus 1" according to the
third e \?/?E'HP‘?BI#?‘?‘}? ¥ F’P&’%@&Pﬁ’é’f‘ﬁ’{" on the | ower surface of the

frame hggy Rgfg*%ﬁﬁg&orting frame 4, at a position to the fore of the
gl ass cutterrﬁg, a | aser displacenent gauge 10 is provided that detects, by
i rradiation ofFigureSels 88dR vEBRHRE dchelmAeibdily kRowd basdrdbellirlibst rat e
S, such as unevenness, warps, and the |like. Since other configurations are

t he Sanmsfamingosppaxatuise 15 cacberdinge to ot rtpirdpewbediment.according to the
first embodinment, detailed explanation wll be omtted. Al so, the

operation of tietherF ofgpaRthg ORp 5P Jtarer) surface,of; fhe frame

[
enbodi ' fally.the me,as.th I,on f e | be |ine
form ngrgr%a}:{c‘)%J ?%?ﬁ%gg:dg%?%% %%lgt%r%?ﬁed'f ?‘rt s?%é)%%glg’ﬁre% th%efs‘%:% ngiﬂa ove,
except tdalssWHEeRESSLadbrt desHdRERt gaugmo b ipkbi-€aedBheE Batestdstrate S
is detected with the use of the |aser displacenent gauge 10; therefore,
det ai | edpyexXipiraddstion wi la Naser bead, <2Mangbe fortlee Baritdlbomatexilzppar at us
1" of the third enbodi nent generates a vertical crack T in the surface of
t he1Bri (YOS tRAER S o PUCh AK URVENERaH .t WaERs i @pdcthe ddke. f rYmeeneth8mt ure 6

o o B8 s S o538, ERR PR b B 0P
Substr alfpparatus 1 according to the first embodiment, detailed explanation
will be omitted.
Also, the operatlon of the scribe line forming apparatus 1"

15 of the third embodiment is substantially the same as the operation
of the scribe line forming apparatus 1 according to the first embodiment
described above, except that unevenness in the surface of the brittle
material substrate S is detected with the use of the laser displacement
gauge 10; therefore, detalled explanation will be omitted.

20 The soribe line forming apparetus 1" of the third embodiment
generates a vertical crack T in the surface of the brittle material
substrate S with an impact force from the armature 6 provided above
the glass cutter 5. Since an abrupt impact force is applied only
to a desired position on the surface of the brittle material substrate

25 S, it is possible to generate the vertiocal crack T having & sufficient

~ depth to divide the substrate into sections with high accuracy. When

an impact force is not applied from the armature 6, the wheel tip

5a of the glass cutter 5 receives only a light load that allows the
24




25 S, it is possible to generate the vertical crack T having a sufficient
depth to divide the substrate into sections with high accuracy. Wien an
i npact force is not applied fromthe armature 6, the wheel tip 5a of the
glass cutter 5 receives only a light load that allows the 24 wheel tip 5a

to remaip,in,contact wth the surface of the brittle material strate S
and to ggﬁgre%t%fpa%ﬁ‘r QKPR EY n5ass VTR the, AuFEacs of the ib&"%gggi ble to
prevent gReaPiL0 sidE |4 t E%E¥ @ﬁ:‘ﬁs?le L he
brittle rnalltte?iiéallg subgti‘?g?eg éﬁahﬁkﬁtgt e gtgvike?e??gtalgge & of the g g‘é'ggéutter 5
proceeds thprefdre t he 1¥ pbisfbleAte Priventldsiypihg dnd kHb ke, tRd¥emhgser

di spl acenent gauge 10 provided at the fore of the glass cutter S being in
cont act WeteAuded atirthe edge athéhbririttie material svodinatst 8 Whaietbet s

uneve, nesg or he like.of the surface 10 of the brittle yaterial substrate
S. Th 8- té)Bisﬁ‘tOfp F135F DBttepnprosads neRthe Prtidlematerdalust ed so

as to bes{@s@%ﬁg$nce with the unevenness of the brittle materi al
substrate S, based on the detection results of the | aser displacenent

gauge 10; ther ehotRer, eHeNabbridi@piabbhber GBESE 18! prdlabaAers Base
unevenness or the like, 3.5 a laser beamis proper?y irradiated at a
posi t i onofrrhelmlessr ¢uitier Hbeing iatcan tpctdeltdy thesdrfispt &F itheindatafiie t he
brittle material substrate S, se that a scribe line can be forned with
hi gh acclifbRyial pupstyate s dpftecte: unevennapsnae sthephike Iof the susttache

surface fost D tittle . m lal, substrgte be detected th the use
20 of a ?:gn a%t% rg‘ltlg%%ang%%h‘?igﬁlb%setri ad Tg‘Pn’?%%a* @&%m%@ﬁt gauge
10 nent i gRE A a9V Bearh t ks | r g p@éﬂ_ﬁgg
described in the ?i r;?&?%?'gﬁgﬂ gt]%srs%&gﬁﬁ)écﬁ %ntggégt% gqass cu t%re 5, the
cool i ng witkiz Alhe énewsthddie of attes bdERLe SRitdxAh0r sGbstrathl 8¢ baied on

pr edet er m ned
the detection results of the lager displacement gauge 10; therefore,

even if the brittle material substrate S has unevenness or the like,
15 & laser beam is properly irradiated at a position on the surface
of, or at a predetermined depth inside of, the brittle materieal
substrate S, so that a scribe line can be formed with high accuracy.

It is to be noted that unevenness and the like of the surface
of the brittle material substrate S may be detected with the use

20 of a contact displacement gauge instead of the laser displacement
gauge 10 mentioned above.

In each of the scribe line forming apparatuses described in
the first through third embodiments, the glass cutter 5, the cooling
nozzle 7, and the laser beam oscillator 8 are fixed at predetermined

25 positions; however, it is acceptable to have a configurat:l:on wherein
these components are arranged, using a publicly known 2echnique,
on the supporting frame 4 so that their positionsg reJ.at:LvST:E one
another can be changed according to soxribe line forming conditions.

25




25 positions; however, it is acceptable to have a configuration wherein

t hese conponents are arranged, using a publicly known technique, on the
supporting frane 4 so that their positions relative to one another can be
changed according to scribe line formng conditions. 25 Wth this

configurgfi.o It Is possible to properly forma scribe |ine that neets
the scr i@iétrf‘ &ﬁ‘é‘sf %?’fﬁ%‘reaﬂa‘h i‘1(3"ng'.5 s8ible bR RTOPATLY HERT™M BeSPEHIG cat i on

of the Japanefst bakes HRR FBYR repced for _variou
conditions In scribe Itlhggs?%?%a%i?%n an %%A@%é?g’%l’o sthT‘?)BBg?ﬁ%éﬁﬁithese
condi t i ottstanthe mbLebatio POiH Wapaneke | AftFRTRBNCALE 7Y 6 MGy AP her .
According to each of the scribe |line form ng apparatuses of the first

t hr ough ¥eferenestoiimhwarsous ondhtbing ip darivk lime doamatisn ahartie
generates a vertjcal, crack T to be an origination point 10 of a scribe

[i neon THEHPPERR bRiwePRaFbegm Gongisions And theveekatsive arditkons in the

surface of dhe Mﬁén%s”@%erﬁglaéo strate S are detected; therefore, it is
possi bl e t o nmake e apparatus Co guration i nexpensive and conpact in

Size. One of tRScHERICEEERER G 19b LORIR $960edMNER A M lutakQa iy 15 abl e

to generate a vertical crack T to be an origination pol scribe line
af ter arFhed§dret thivoughbgtimsd emSodimenite,i theewheelivap 5R0Sf tthangfadss heat ed
by a | aser beamin advance; therefore, it IS possible to prevent an

uncont r SHEGFe S cPeRsTateg R el apdnsrackd tet baner deplginationspdinitr ate S or

at e i r i 0sSitio +.20 By driying the caontrol apparatus 9 so
t ha?'Ba \%% i caﬁ'tb(?r ac OWEPSWS '%gtefiﬁ’gsﬁ"gﬁaﬁﬁaﬁ? iSghaRd UDBYLRReSS om an
edge of dnlge stiidhe ElrE&Ed ™ h {@%WP | LLCL ] n Lnner out

start) or so that thee fgffnatlorf)glgaﬁgcrl e %ﬁgi% %ﬂé@%%r%g?eg Sy ghtly
bef ore idetectedes therefdpe, alitt hesengbadfivibe ¢@VRAERE! wHd eabpRPafi@) | Nner

out finish),
configuration inexpensive and compact in size.
One of the characteristics of the present invention is to be
15 able to generate a vertical crack T to be an origination point of
a scribe line after an edge of the substrate S or the intersgection
position Z is heated by a laser beam in advance; therefore, it is
possible to prevent an uncontrollable crack f£rom being generated
at an edge of the substrate S or at the intersection position Z.
20 By driving the control apparatus 9 so that a vertical ocrack
T is formed at a pogition slightly inside froman edge of the substrate
in terms of the movement direction (an inner ocut start) or so that
the formation of & scribe line is texminated slightlybefore it reaches
an edge at the end of the movement direction (an inner cut finish),
25 it is possible to prevent such an uncontrollable crack from being
generated.
Indugtxial Applicability
As explained so far, according to the present invention, =&
26




25 it is possible to prevent such an uncontrollable crack from being

generated. industrial Applioability As explained so far, according to the
present invention, a 26 wheel tip of a glass cutter is noved while being
kept in contact wth a brittle substrate by a | oad which does not all ow

the wheel, tip.to damage the rface of the bstrate. A vertical crack is
gener at e‘ghgfi g“(?e?%r Bd 'ﬁ?ﬂq ﬁ‘%_ﬁeﬂéﬁ FEVER; l"ﬁt‘a ;?J{‘tgr KeRt 1 Fon ‘ggi npact
force apghyh o iBRffe (Al dBRL! B o8R Wiblon BBES (ndaifch dnd Ufedh 2SS
cutter nmoving on the brittle substrate for generating the vertical crack

havi ng atpp etiet@iniigeethd efidtacd bh 186 PRMstcatéhe A gepeiddrdréekt isal
crack, a laser beamoscillator and a cooling nozzle are provided so as to
be arrangederatedgas pl desdaeds posbbidn e thhebrhriles subbbnate sdithl ator bei ng
for graglsnati n%ea | aser. heamto form an_irradiati on area having a

at

tenp RATHEF CR I(FRPIYHRI SManen Ehgt apelies an ehEupt i impret kards §Pe, and

t he cool ] I ' ' ' ' 0_c00l .down the
(e, 000! £08 9Bl Sl ol ly oh SHEDLALA GORHLARITECL Wlhiee00g) o2

conpr essy¥et fdd1eeea8R ﬁ%\a&@dal%:édktkﬁﬁ;hé& gl O A #e8Padt &P khbt | €
substrate at which the | aser utt is irradiated fromthe | aser beam

-osci | | at generatesd weartiichd catcks a lagendiesinaabdillatonahdmgranldagmozalahi ch t he
cooling nediumis released fromthe cooling nozzle, the vertical crack

gener at edF® PRONAAH £ ascte (her arsangefe 8load ok Pdasned iegibRelinenitbg scri be
li 20 f Lbe lipe. A dj to.th toi ti

ot ¢ 5 i DEag? pelin ofpl Bl bany ' i 1o 5ER1SHik ) 2eBErTBERT o 0, "

al | ows the 1458@hatidhn tdhdeCHRIIng I teRpE Al &Qw&i‘etr@[ni bhé Ssoptanihgl € when

bei ng positioned sonmewhere other than a desired position at which™the
verti cal petrdclofi theobitttle substrate, and the cooling nozzle being for

releasing a cooling medium to cool down the brittle substrate. Due

toastress gradient that ococurs between a compressive stress generated
15 in the irradiation area on the brittle substrate at which the laser

beam is irradiated £xom the laser beam oscillator and a tensile stress

generated in a cooling area onto which the cooling medium is released

from the cooling nozzle, the vertical orack generated by the glass

cutter is urged to extend along the planned scribe line so as to
20 form a scribe line.

According to thepresent inventionwith this arrangement, since
the wheel tip receives a load that only allows the wheel tip to remain
in contact with the brittle substrate when being positioned somewhere
other than a desired position at which the vertical crack is to bé

25 generated in the surface of the brittle substrate, noiexcessive

o~
pressure is appliedtothebrittlesubatrate; therefore, it isposaible

to prevent the wheel tip of the glass cutter £rom damaging the brittle
substrate, for example, chipping off the substrate, when the wheel
27




25 generated in the surface of the brittle substrate, no excessive
pressure is applied to the brittle substrate; therefore, it is possible to
prevent the wheel tip of the glass cutter fromdamaging the brittle
substrate, for exanple, chipping off the substrate, when the wheel 27 tip
proceeds nto the brittle substrgte, for instance, Further, even if the
surface B&tﬂ%@cﬁﬁ?ﬁ% °§\f6’s¥?§ﬁé’: °uﬁ8{?§'n?%ts°s %Prtwtﬁr“iaﬁl e substrate is
warped, it is posgidd Cebln AEHGRe & E:E’éocﬁf't%%eb§ﬁ£t%?.s%%FQk&t§m&s*"at 1S 1n
accordance with 5 the helght of the surface of the brittle substrate;

t her ef orenevenness goSitdbeitblal spsirheenia wlrelie SEridoksible to

Furthernore, a blade is used for the formation of a vertical crack to be

an ori gi ¥antoanpeppropyiatesserihe (dondithonctigt, igt feracadyrdanc@awith he

verti_cal crg(:e'li hg ?r/%lﬁc‘i:ﬁ to extend along a planned scribe 10 line so as to

forme scripaers | (e FeFiRce BF the Ardittie sphstyaker Jarefere i prittl e

substralfy Jugiiarey Aays! ebin 4AREBIEI Qe Bined VEry smll amount near
an culrte

the origlnation point, e anount O generated is very nuch

smal | er than irutthermogse, WBLEAE 1sCONME ROt FEBRhARGIbE M Febtsiel i S used.
15 28 CLAIMS 1. (Original) A scribe line form ng apparatus conprising: a
verti cal cxadc kof e rAm grighiationhpolit o abbaxdtbentlinet | wevieay, eothamnd i s
used for_forjm ng a vertical crack to be an origination point of a scribe

line by he verbiralgErdicts made fior etendraleng 3 pLepnad BS¥ibR e with
- ' Lyi f Lvi brupt. . i t
A SR T R S R

in the brittle substrate; therefore, cullet is generated only by

a very small amount near the origination point, and the amount of
cullet generated is very much smaller than in the case where a
conventional method with a blade is used.

15
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generate the vertical crack having a predeternined depth at a desired
position in the brittle substrate; a heating neans for formng an area
having a tenperature |ower than a softening point of the brittle
substrate; a cooling neans for cooling the brittle substrate; an
arrangenment novenent neans for arranging the heating neans, the vertical
crack form ng nenber, the inpact f&L&dMSapplying neans, and the cooling
means to be positioned so as to nove relative to the brittle substrate at
predetermned intervals along a planned scribe line that is prearranged on
the surface of the brittle substrate; and a control unit that controls
driving obrienanpactsépiice 1apdl FongimpanspaZatreemped 9inkhe scri be |ine
form ng apparatus according to Caim1, wherein the control unit controls

driving of 2t herbisdt caraek a%‘krm%”%ﬁ rﬁ‘?f@o%ntﬁ&t P theBIamferferftiBrovenent
means: ger-HatahH8; s Nl ade f'%i’eﬁom#i +epl 4 QPNiGle Wi h the surface

of the brittle substrate mhlc does not allow the bIade to
danmager igensuidmcgovit thie a)ras@til@e suiys¢ rlayt epresgriingherhe Helddeadgai2zet s

p05|t|oned in the vicinity of an e of .the brittle substrate and in the
vi ci nit t T7oFEE pals s rﬁrjr]}btr%? %Yb%]\ﬁﬁ%% “ﬁ’eth B Ps’ses a previ ousl y-f or med
scribe |ingn iMeacONtdte Ubhly Loptnddss tHgyr dppliyih®fad pdugract force

applying neans so as to generate the vertical crack having the
pr edet@IFhekPERptYP ithe tHRribieal |eradbsiommiag senkey gmaAndethdScri be

line ééﬁé?a&gg aﬂ?@r@éfﬁ@a?foéfjé&g ﬁaosrlng a predetermined depth at a

desired position in the brittle substrate;

a heating means for forming an area having a temperature
lower than a softening point of the brittle substrate;

a cooling means for cooling the brittle substrate;

an arrangement movement means forv arranging the heating
means, the vertical crack forming member, the impact force
applying means, and the cooling means to be positioned so as to
move relative to the brittle substrate at predetermined
intervals along a planned scribe line that is prearranged on the
surface of the brittle substrate;
and

a control unit that controls driving of the impact force

applying means.

2. (Original) The scribe line forming apparatus according to
Claim 1, wherein .

the control wunit controls driving of the vegptical crack
forming member and the arrangement movement means 8O E?at the
blade moves while being kept in contact with the surféce of the
brittle substrate by a load which does not allow the blade to

damage the surface of the brittle substrate, and when the blade
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Claim1, wherein the heating neans includes a servo nechani smthat detects
a change in a height of the surface of the brittle:substrate from

up- and- down novenents of the vertical crack form ng nenber noving on the
brittle substrate and adjusts a focal point of a |aser beamirradiated
froma |l aser beamoscillator according to a result of the detection. 4.
(Ori giiaal poFheienedbeithi nehd orvdcrrgqagparcaﬁ usaraccaigh ngft o tifd aitmiktlwher ei n

the cool i ans is arranged b rangenment novenent ns.sq.as to
nove ﬁBiDﬁﬂgagEV\ﬁnldn J&bnf}ﬁl‘ﬁct"FSr‘l%ﬂvF q?r% AnB2g6wRY MRt s 8% ifhe tical
CraCkbi@ﬂQiPﬁs@%@bQi bhatisRyee- EE&&@& sBiribtl @ i$ldbstERd ecotrof Ourgitnal )
The scribe [ine form ng apparatus according to Claim1, wherein the

arran@%%ﬁ@ froveaedriweaasoéi ther mpaahgé@rt:ﬁeap@ﬂ-vmal meapgc BOf @EnitRy
Menbege éh%h'éea&éﬁgl ”%rag 1#41? r}%%}a J{x)x& | p&% Lhoned in
(0] Jt anr‘P SCri

the s ate order froma fore Si i ne, r arrange
t he htela¢ i mgi tebeassubbdreratweerti cal crack form ng nenber, and the cooling
nmeans to be positioned in the stated order fromthe fore side of the

pl anned scribe line. 30 6. (Original) The scribe line form ng apparatus
accorgli N#Lyikd B Mre yMENS N {1e ALANIE RN RNRTRIM-JIRARR, &ld anges the

vertical crack form ng nenber, the heati'ng neans, and the coéoling neans so
as t &-lakn ghl evheretmnge posi tions relative to one another. 7. (Original)

The Scr'tm%ﬂérﬁ%géﬂﬂgrﬁk&%@a{géfudaccorgé ot%echanlsm that detects a

change in a height of the surface of the brittle substrate from
up-and-down movements of the wvertical crack forming member
moving on the brittle substrate and adjusts a focal point of a
laser beam irradiated from a laser beam oscillator according to

a result of the detection.

4. (Original) The scribe line forming apparatus according to
Claim 1, wherein

the cooling means is arranged by the arrangement movement
means so as to move up and down in conjunction with up-and-down
movements of the vertical crack forming member that moves on the

brittle substrate.

5 . (Original) The scribe line forming apparatus according to
Claim 1, wherein

the arrangement movement means either arranges the vertical
crack forming member, and the heating means, and the cooling
means to be positioned in the stated order from a fore side of
the planned scribe line, or arrange the heating means, the
vertical crack forming member, and the cooling means to be
positioned in the stated order from the fore side of the planned

scribe line.
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Claim1, wherein the cooling neans includes a servo nechani smthat adjusts
a height at which the cooling neans is positioned. 8. (Original) The scribe
| ine form ng apparatus according to Claim1, wherein the vertical crack
form ng nenber is a glass cutter that includes a wheel tip serving as the
bl ade and rollably supports the wheel tip. 9. (Original) The scribe |ine
form ng apparatus according to Claiml, wherein the heating neans is a

| aser cbe of t t NN ja r 1 he 10.
(C}ig?ﬁa??k%ég%%?geeﬁ?ngg%éPﬁi%gg%pggggiﬁﬁ %@@%ﬁ%?%g %%ééﬁﬁéﬁﬁﬁ , Wherein
t he cBohimglpewhsrésna cooling nozzle fromwhich a cooling nmediumis

rel eased. %1. %CXi inalg The scribe line formng apparatus of Caiml,
wherei n t hE"Fnd E?ngﬁmﬁﬁ APPY STRGC nBERHRS | ITLARIG Frelt it VR Hat Ca Rt es

movenestmi AG! hédbéL! PhESEEAE: hEenbiRE S sagALASt cbBEindlmelhEacs 9k the
brittle substrate by turning onor off electricity supplied to a solenoid
coi | .Pa2ableute epdgoaneeett) omheretat bee | fmeori@ranatthemppar at us  accor di ng
to Claim1, further conprising; one of a |aser displacenent gauge and a
contact displacenent gauge for detecting a change in a height of the
surfate 0Oridindl) tThe scbbibé al tne 18orhlay rasidya A ndes)rdiey sasi be |ine

form ar at us
&pafrﬁpl . wherein
the cooling means includes a servo mechanism that adjusts

a height at which the cooling means is positioned.

8. (Original) The scribe line forming apparatus according to
Claim 1, wherein

the vertical crack forming member is a glass cutter that
includes a wheel tip serving as the blade and rollably supports

the wheel tip.

9. (Original) The scribe line forming apparatus according to
Claim 1, wherein
the heating means is a laser beam oscillator that

irradiates a predetermined laser beam.

10. (Original) A scribe line forming apparatus according to
Claim 1, wherein
the cooling means is a cooling nozzle from which a cooling

medium is released. -

&~
11. (Original) The scribe line forming apparatus of—
Claim 1, wherein

the impact force applying means is an armature that

generates movement inertia for pressing the blade against the
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according to Claim1l, wherein the brittle substrate is one of a gl ass
substrate for a |liquid crystal display device, a glass substrate for a

pl asma display panel, and a glass substrate for an organic EL displ ay
panel . 14. (Oiginal) A scribe line form ng nethod conprising the steps
of: while making a vertical crack form ng nenber having a blade at a tip
t her e®PCh0R oh Ehorbritteleupshsmrate dondrmriimg ®n vt t4fdal crack having a
predeéf%&f’f@i@%péﬁgﬁiiédq?éiée 1&9&1[&@&1% a brittle substrate with an
i npact force applying neans that” applies an abrupt inpact force to the

bl ade; formng a scribe line by formng, with the vertical crack, an
irradjati,on area.that has tenperature_| ower than a softening point of

t he gi?t“ 8r§ﬁB§§Va9@eQ%SQS ggﬁlﬁﬁﬁéaesEFPBef°¥Th%9a?PEﬁ§%Hu%n the brittle
substd@ésrd dOrdli iy & ColHbr B &pAikiRAr of the irradiation area. 32
15. (Original) The scribe line formng method according to daim 14,
wher ei n t fQenefat idg diegeof démplacemgnt he gsds cakbngr ack hagmtgctt he
pred i t t esi gsition on the brittle ubstrate by
Phe I ha At Jafthe, dor oRet B0 BE3! & nEatin i1 ne HISRY Shot® oned
in theasagaidfy wdfe drieddge efuddratdyittl e substrate and in the vicinity of
an intersection position at which the blade intersects a previously-fornmed
scribe line. 33

13. (Currently Amended) The scribe line forming apparatus

according to Claim 1, wherein

the brittle substrate is one of a glass substrate for a
ligquid crystal display device, a glass substrate for a plasma
display panel, and a glass substrate for an organic EL display

panel.

14. (Original) A scribe line forming method comprising the
steps of:

while making a vertical crack forming member having a blade
at a tip thereof ‘move on a brittle substrate, generating a
vertical crack having a predetermined depth at a desired
position on a brittle substrate with an impact force applying
means that applies an abrupt impact force to the blade;

forming a scribe line by forming, with the vertical crack,
an irradiation area that has a temperature lower than a
softening point of the brittle substrate along a planned scribe
line arranged on the brittle substrate, and forming a cooling

area in rear of the irradiation area.
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15. (Original) The scribe line forming method according to

Claim 14, wherein
the generating step of generating the vertical crack having

the predetermined depth at the desired position on the brittle
substrate by the impact force applying means is performed when
the blade is positioned in the vicinity of an edge of the
brittle substrate and in the vicinity of an intersection

position at which the blade intersects a previously-formed

scribe line.
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