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SCRI BE LI NE FORM NG DEVI CE AND SCRI BE LI NE FORM NG
VETHOD Technlcal Field The present invention is
related to scribe line form ng apparatuses and scribe
line formng nmethods for formng |inear scribe lines
used korisd vighi morMUNOr DEVIICE AIDSCREBECLRNEC BORANE NHTHSS
substrate 5 included in a liquid crystal display
device or the like. Background Art Liquid crystal

dechpigal Fieldhpl i cable to small-sized infornation

dermana ey Rl PvBROAGH {0 ke e ik, llne £omming

GPPRYE AR EKE bceXBaNdfe FOralRG fethbls EB.% frommg iinear scribe
progress of information processing technol ogy. e

flahes asdavBdodiehdinf altirdtitlle aupsteatedissphassa ldasbemibstrate
drawi ng nuch attention. Particularly, for liquid

épyé%?don%m Ajisud g opvatain Alsplaypdvios srdthe like.
%el ﬁw Si 0 he demand for meking the di splay screens
h hi gher definition, as well as Iighter

i s i nchLagshRo. xR Rh ORI 43S A0 BEEIcBI 8 81 etzea

| arger and thinner gl ass strates

dnfbrinaticm sengliliaari cetsai po6]ecllon deiiRfesdfia are 1n demand

| arger in size and thinner, a high-level substrate
dnrvadvide rengni oficEieddsnad cthen Bergonal vagipwgey masket expands

BLPRG T G FRpad RerORHE 95 SO AP R R R B Secnology.

‘i*h&' £8ird Ela@ei@ﬁg%ﬂ‘gf b&’:ﬁQﬂgf g%ﬂ&%.l ﬁ:éﬁ?ié.g; géﬁssfé’%e;}x drawing

formng a |1 near

fuehdaPterktient i on on the surface of a glass
substrate and a break step of dividing the glass

subst r Zastcubankyy t fier sdlibid | cnestal dpsbyays) fHor personal
i ”&%“eﬁ&g%&g%oé%ﬁﬁ%&e@in#w&? Stepiey soracns

scrlv{ylﬁﬁ n%.ll%:i c Eﬁ%&g"f Pﬁg%\n agsggqﬁ'%‘{e%taﬁiﬁlr’%’gf“smg'
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 thinnexr, a high-level substrate
dividing technique is in demand for dividing glass substrates into
desired sizes with high accuracy.

Brittle substrates such as glass subgtrates 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
a glass substrate and a break step of dividing the glass substrate
along the scribe lines by applying a bending moment along;the scribe
line formed on the surface of the glagss substrate.

In the scribe step of forming the scribe line on the glass
substrate, if the scribe line which ig & 1line with a vertical crack
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I v vierr et e vierloveel rrer rrrl 159159+
*000002* can be fornmed deep into the gl ass 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 perforned |ater;
therefore, it is inmportant 5 to make the vertica

t
SRR ZHEBHT ABEP BFATHRE LR8I PEA=RER AAANPEERERA Eothe surtace

r dj j e, Unexani ned
4 Hheig e R aaRe, 4 sk R R PR LS rorpsgacy 1ever
v RBel bEBstRiteesf &[\Fﬁé@ﬁnwese%ﬂiﬁ:ﬂﬁ?aﬁngf‘ the! k&dbfbe 1ine
mat eri al substrate by rolling a wheel tip attached a
imh¢he pregk §0ep toubé grerdoemed Naxten: f tsreForbhel tgiastnportant
substrate with pressure. Further, it is also possible
Q) ngke &Hea}ﬂﬁ%ﬁ%ﬂ}s cFrsk| @2+ i n the Japanese

U L.ned P t | icati bl i cat | NO.
Lo AL, Y S haA AR Mo o tasionc
a3 Sy bl ANl AR pppsparion

Nd. 69¢8842P Aasmritbe 1ineemby belfddma@d o €ne WiirFaeeWs adbrittle
gl ass substrate with aﬂ-EOI ntdi anond is not suitable

wafergdnEHps teate: biyb ol L heg o wheglattp sattsichaticatistti tip of

n q:SI iquid crystal displa devi ce because CGull et
SETIRYSEGET PECERGA OR SHSWPLARR (BBREEBLE OWLtE pressure.

f t 5] . I it.h th
BRaRcS5 St R PRI 3 88 G RLAL Gk on 1o en
Jdiningise Unékerindd Palbeht AppXicaitabhYris) 1bdtdohOb €55-116635

over the surface of a glass substrate with pressure,
fox, Eprindng & puphey ofgerihe ddndy opr the iswrfabes wifcalplurality

94 RimtR33e Bt eriay, AjborEaton CRTIIBASAL Sndatonatically.
cyl i ndgimettaVbe &&gﬁﬁgaa HG38e" 214 YO tSlllf the surface of

lifting and I owerin
a glass substrate with a pointdiamond 1s not suitable for forming

a scribe line on a glass substrate used in a liquid crystal display
devicebecausecullet(glassshavings)1sgeneratedwithoutexception
in the process of cutting the glass substrate with the pointdiamond.

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

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

unless the pressure applied by the lifting and lowering mechanism
2
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mechani sm however, it is not possible to easily form
a vertical «crack that has a sufficient depth in the
surface of the glass substrate unless the pressure
applied by the lifting and | owering nmechanism 2 is

| arge. On the other hand, in case the pressure being
applied is large, when the mheel tipis made to

£ 95550, U U SSRGSl PRI e 100 10
my&ae dmngeﬂe Wie1eX2P DL £ maide aaym)dagaongdo@éé .an edge of a

Besides, 5 in case the pressure being applied i.s
gbagme, aubhéretw dheresidid posetbildftyothat tpteob&germf ftbe glass
exanpl e, a crack (a horizontal crack) nay

rzﬁt@d“q

t5QF e e gt Ay @%@ff Besides,
ortig I BSS tr such crack
‘gause c F%g N ge%? %gp%%e%ligﬁgarggr P?]eraena"é%lé’é’sxibn“ies
SPT Mg,&obm&nﬂl ooy SHARHIA! G idHelcd I(agh@:ﬂaﬁtmoer;&) may
pl ane, en the glass substrate is divided int
Begkhensted lin @ddhvanted diteot i hnt&nes;:lmie‘wdrtnﬂ:ass a glass
collet is generated in the scribing process. Further,

subgtrategsandarl g ¢ragicmavieauss chhpping inap plivmion plane
oblem..s th t he wheel :ti not_able t

?%?’F*Q%‘*uﬁé% RReaony O thie SIPAS SYRRIRALS LAEHARIN o Atvision
?‘I tid Gl idAirate 381 V8L AES sb&t+§xms -, cLnaddition,

|nposs e to obtain an appropriate vertical crac

abso surthathisohetion) glglass SOlEIet % geflefated 1m0 thel ¥8xribing
the af orementioned problens, the present invention

BYoe8s provide a scribe line form ng apparatus and a

scribe_ 20 ling formng nmethod by which it ossi bl e .
to gen@l’ﬁ‘flée’é{ 73 Fhed YRR R HF SR %PFFE?E&MeBt fwaxp”

bflothdl B350 PE) (AL el ' 6205 LAY ot PEOBL TS Hibvenness

Eb A S froitf tHe Tevarpr it He burF ace dE thle@ubalt¥ats \8nd therefore
probl ens descri bed above, the present 25 invention

bt dsidlmposaikle to obtate ah opproprigeven tisalomadksinithe surface

of the glass substrate.

In oxrder to solve the aforementioned problems, the present
invention aims to provide & scribe line forming apparatus and a scxibe
line forming method by which 1t is possible to generate a vertical
crack having a aufficient depth in a glass substrate, without causing
a problem such as an edge of the glass substrate being chipped off.
Discloaure of the Invention

In order to solve the problems described above, the present
invention provides a scribe line forming apparatus comprising: a
vertical crack forming member that has a blade at a tip t:mreof and
is used for forming a vertical crack to be an origination b—on;t of

a scribe line by pressing the blade against a surface of a brittle
3
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vertical crack form ng nenber that has a bl ade at a
tip thereof and 1is used for formng a vertical crack
to be an origination point of a scribe line by
pressing the bl ade agai nst a surface of a brittle 3
substrate with pressure; an inpact force applying
nmeans for applying an abrupt inpact force to the
vertical crack form ng nmenber in order _ to generate

V

THRATRAYS FLER BY SRR AN J"RAPE £8EPe ARRIEdRa SRR for,applying
8 Ui Aiable el LR Ve 2l {BH SO LS LAY 10 order
erature | ower

neans tor ftormng an area having a tenp

tbaferibrathl AbNgeRAidall ebatkehavling bl freéddedmlrRd depth at a
cooling neans for cooling the brittle substrate; an
aesrrybpesit tiondantine bnttike $avs tuatan @ nep tinyg hezats fay forming
nmeans, the vertical crack form ng nmenber, the inpact

R TP SV IA g8 nepReTatHge 1oex ng Reffpning peint of the
L d t | at | t h O,.briftl
SRS R A A S L O Grpstare,

at” predeterm 1t ePva
&8 'dr¥angbingft nd¥lembfit RS 268 9EraR glﬂﬁ tHe hageid mkbfs, the
brittle substrate; and control unit that controls
dervicrd ofatk £ormpag mebere thepinpa: £ores applliying means, and
greferabl e to have an arrgngerrent wherein the control
Be FReligghfeans R bR Pgsitiened \mey epchy movr ireflathivagto the

and the arrangenent, nmo nt ans_so that the
BFEGELe BUBeti 8¢ saena Raptod oEehvala Slped o mirnmed scrave
suhd AGRatOl st Pfediiiahibh8 SidHe ' .
not all ow tshgfet;! adebt 0 édlgnageg%ﬁfé&)g%?’féagggom%ele gﬁﬁétrate,
and tddnerslhetitatkat centdrobedriibtnd|cfithe Inpacikt fs@applying
in the vicinity of an edge of the 20 brittle substrate
BAR"¥n the vicinity of a passing point at which the

bl ad i |y-f d i be |i
cont T ol LUt PrOEBRErS 40 Have AR, rrEsRgetant Mhbmed® theceontrol
aRPE Vi rBEE erifd ngSof EhelFREEALA Hggcax goit.ﬂ{n?.lﬁé &St ana the

havi ng the predetermned depth i1 n
anbatgenient Bovénientsmearsd spl thed 8hé dladeMtas?ihile being kept

. arrangenent wherein the heating

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
brittle substrate and in the vicinity of a passing point at which
the blade passes a 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.

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

4
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means i ncludes 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 4 and
adjusts a focal point of a |aser beamirradi ated from
a Iaser beantoscillator according to a result of the

&6 ey Jttf gsiﬁt B & 5.95&@‘%@1%{:/&%%@4? Hom a laser

mhereln t e Ccoo nmeans 1S arranged
mmw&mawﬁvmﬁdmgaae & etulitOohDife dutiddtine .

down in conjunction w th up-and-down novenents of the

verti ck¥ iscpaeﬁemhlm' &g havshen reangeness wnerdin the cooling
brittle substrate is preferable to have an

140 dEnBRTaRFRs ﬁ REERE ECVeTsREnBaInFFngs to move

B e ﬁt?%éa%%&éﬁ“‘i 5 B ol W AALHE 8% i verticay
If%ﬁdng Mmekfbedh &nditainsved e knbl BFL fe i Ribsitdatef

the planned scribe line, or arrange the heating
nmeans, It ke preferable to hateefanremmggmwheﬁm thé&rrangement

cool ing nmenber to be positioned in the stated order
Eﬂ%emem eifher arrangestha ierdealberaeh forming member,

T A T T -
€6 JeeltR RS ARG  EhtePid BE HfEP andl] dllbve 1ine, o

cool I ng nmeans so as to be able to change positions
arterige/ ¢hs hamelmynelrg, thHeeveptldadly ciRaRSESU N mamber, and
cooling nozzle fromwhich a cooling nediumis

. gzmenﬂmr cittsbhengow&'at@qﬁa}ni e gkated order £rom the

cha adj us t at whi ch the cooling
’E%%\ d? Bds ?o‘gieadme?hgcﬁ ®:crack forning menber
may bexeig 'ﬁ%&é&ﬁt@% gatsém d}g:JaHggﬁe@t WhEEL ’ﬁ{e tRe arrongement

serving as the blade an 'y~ supports

ridyemezit M slantandg s thave rtRyRE cadifeimiifffidmber, the heating
oscillator that irradi ates
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 £rom which a cooling
medium is released.

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

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

The heatingmeans may be a laser beamosoillator that irradiates
a predetermined laser beam. -

~ The impact force applyingmeansmaybe an armature that generates
movement inertia for pressing the blade against the surface of the
5
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REAFGder 5P

a predetermned | aser beam The inpact force applying
means rmaybe an armature that generates novenent
inertia for pressing the bl ade against the surface of
the 5 brittle substrate by turning on or off
electricity supplied to a solenoid coil. The scribe
line form ng apparatus may further conprise one of a
| aser disglacenent %au e and a contag%g?isplacenent

[

SRR &t LIRFhGE PRT LHRATHCLSY figplied to a

r he brittle substrate. The brittle
%&@egxt%ﬁg‘t ggﬁiﬁy be one of a glass substrate for a

|i qui drid drdbe d160d @bxfleiy Cappataduashiag Uhiitharechffrise one
pl asma di splay panel, and a gl ass substrate for an
aff gahagef|digplpteyentageligs Arst hecontHsdc displacament gauge for

resent invention provides a scribe line 10 formn
W&@hm%@ pheight pf e surfiaceofihe RElttle substrate.

o b 2 AR ET P I B BABEF Bl oo

t hereo generating a

VRG4S Eky £ ACH1 S5ty G Lo, 841 81 85 s UBE £9RY Bor @lpXasma display
desired position on a brittle substrate with an i npact

pariele, angphyghassreanatrate £ompldancorganddrElptdiisppagt panel.
force to the blade; 15 form ng a scribe |line by
f or ni njRohemappeet ef the Hresent Lnveptior praviiesHa ssrdhe line

hat, h t t I th fteni i Nt
Hrots e fhod Bomuiapl e Fony 47 Putie naurd pl¥eabigat crack
PSR heRBer! RivAid bl Pia&é'béé Rl p BROrdS¥ MANS 8n a brittle
cooling area in rear of the i1rradiation area. 20 It

SRRy, afbsetat 1hg e vapt Bod P 6gatk hiavihe eepreddtarmined depth
generating step of generating the vertical crack
ata fesdredppesiiion P cyl Ridfthe subgtratgewit@n impact force

B b bt R, A B 78S LOLEE vaace,
POSMAPL L s bRt dd L il b} IBbrmihg@NweHCtRE LBELIEAY tdfack, an
substrate and in the vicinity of an 25 intersection
poraditlod airdd that hasld sefperdtinecidwerithan 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.

It is preferable to have an arrangement wherein the genexating
step of generating the vertical crack having the predetermined depth
at the desired position on the brittle substrate by the impact force
applyingmeans isperformedwhen theblade ispositionedintheviocinity
of an edge of the brittle substrate and in the vicinity of an
intersection position at 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
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previ ously-fornmed scribe line. Brief Description of
the Drawings Figure 1 is a side viewthat
schematically shows a scribe Iine 6 form ng apparatus
according to the first enbodinment; Figure 2 is a front
view that schematically shows the scribe |ine formng
apparatus according to the first enbodi nent; Figures

a) _to 3(e) ,are perspective_vie for describing in
dotilng ponrtasRac PSR, ¢ 00 P G TR STOBREPRRE e
usi n rj | f ] Il
the 11 FaPUSaihaf i ony oW, Haf Hellel AL 6D Sfiol tb sortbe
sghanpbimhald \appagatus &sdordding! téetheorflirag appodBiditt ;
according to the second enbodinent; Figure 5is a

front Vlegwresa(adcte d{e)care perapestivee views (fior]des¢ribing in
form ngi%{)par atus accordi ng to, t he secqnd_enbodi nent

nt.,
FPGUPRELR CEFleF £ BTROY ATLOEPLIL 8 FTRiRA LIRS 45ng the scribe
ri -rHﬁ;' t %r,g r f '
gg'?’lgbg&'l ned u%&%gg'tﬂﬁg %‘%Jrcf be 8I Fﬁe%:}ér}ngﬁg S{Bﬁér aé usT'%
accor di plighfe td1asSaCe1Ge AR ItHRE! sclidithtficAlle shdws & scribe
front view that schematically shows a scribe 15 line
fldnei fgrmiymn appasatus cackamgling toethédigsesgondbenibodiment ;
Best Mode for_Carrying Qut the Invention The follow ng
descri FdgUrR }HAEL IFrenscyrisse thah sohsmatigally FRPYE jhe scribe

a ] | ] [ 0 cordi tg 1h .
e 2£ 85I Arbl el TSI, 2668 SlNg! Spblimens;
THE Fl FeEuElBEYERY dlledUife bekB8plcivie vibhd £d298escribing in
schematically shows a scribe |line formng apparatus 1
sequedtial tordarfa methedirdEdforming Bi goribe?lise wihgotie scribe
view of the scribe |ine formng apé)aratus 1 viewed

B FREVLIG [SHPE5ELUE RIGTHAT] FRCtH Sacgafcembodiments and
scribe gyl fea Pr48 29 cABRA AN that "Sokdfit1c2T15 ' PWd X scrive

Fi gures
line forming apparatus according to the third embodiment.

Best Mode for Carrying Out the Invention

The following describes in detail a scribe line forming
apparatus and a scribe line forming method according to the present
invention, with reference to the drawings.
THE FIRST EMBODIMENT |

Figure 1 is a side view that schematically shows a 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 cross-sectional line in Figure 1,

The scribe line formingapparatus 1 includes, as showninFigures
1 and 2, a table 101 used for horizontally f£ixing a br:!.tt:fe material
substrate § on which scribe lines are to be formed. Here, the brittle

material substrate S described in the present description is, more
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1 and 2, a table 101 used for horizontally fixing a
brittle material substrate S on which scribe |ines
are to be formed. Here, the brittle material
substrate S described in the present description is,
nore 7 specifically, a substrate having a |arge size
call ed anot her substrate. Substrates that nay be nade

ers ~or.the like

Bed i T RS st B L ket ?% %cwedamother substrate.
Sutadeaees tiadt | £t
a side \EA:E” 10'55%?‘33%‘1%.&’5?5&'%? BI% cldhu%glé’gfomafers
diothéiMikegatd sequihtisl Ipteviada S.ubstsre’ﬁtﬂ.oﬁs ofip@Hiéi€ermined
rail 103 extending horizontally (1. e. extending in a
shalder %#Feﬁi/c?PFl%é(Frﬂ-etYm@ preme On 4 sdde walilngopagethe side

a drivin par atus 11 having

IF §PE vV a00 St a8 Fulingbe i tels ’E‘ﬁ%e’@‘cﬂJdéuPﬁﬁ-‘ﬂte s,
a;%&;&ﬁé;’?%gﬂ%gﬁ:eg&ggg#%ﬁgr%&nﬁﬁgﬁ %yr:) ’reé%%?\ afhiyy! and.'l.lrection

vintdehilons the phad bEatie dialviing lﬁg@l)fﬁﬂﬁ:@ﬁ}iuaav\h'oﬁa end of
the guide rail 103 extends. A servo notor

Hasyvaed appanptust hbrhavigagod drivihg mpngrapmmt 48 ddnnected
The servgﬁnotor 2 has, on_the side opposite to the

tH e FaLi103 -1 Beinadriven by the frdNang moteKatthe driving

I a,predet erm ne
oeaths 1158 ISR U fer® O BRI proasons oo
dumnaarmmheraﬁeeh%npmmeﬁ £ éet:hﬁl 103 extends.
rotates integrally with the rotation shaft I'S
provi dedeegvot etexr 2 ief prdweldedt atithe shhét éha Bfethe driving
supportln?%frane 4 attached to the rotation shaft 3 of

HRE8efho FHEOPeTV N FOTORS2 dhflwn OPnthe ¥ide ppPRsite to the

I d ' '
pa?’?sgbo%?b ?Ir{]lq'up%aéré at%pgg;_ﬁgn tgll’%m 30“ v tprojects
Hdz&%%&lwck&fatﬁﬁa&taﬁmg&im SO, LFRL st 1on anaet 3 1o

supporting frame 4 is substantially L-shap

nrtevedTimd drdyporty thefsar Moter @i.S W SLPpbPtENG Frame 4 that
manner that the end having 25 the projection part 4b

Hotates; 1ntaEldy i thecotntdopmghafit 8hks provided at the tip
of the rotation shaft 3.

The supporting frame 4 attached to the rotation shaft 3 of
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 frame body 4a, so that the
supporting frame 4 is substantially L-shaped in a side view. The
supporting frame 4 is disposed in guch a manner that the end hav:l.ng
the projection part 4b is positioned to the fore in terms of the
direction of the movement along the guide rail 103 (i.e. the left
side 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.
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direction of the novenment along the guide rail 103
(i.e. the left side of the drawing) and that the
upper and of the projection part 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 frane

4. The_glass cuiter i ncl uge eel, tip ba de of

a mat P HPFF TP ff“é LFng aﬁéarcg"r??sg"s % lgémg u%ﬁfr’dnear the
lendl,! 8! fHlefileChodl AR £n@ sudiortink! £RmePd @he g1

ho dngﬁSb@%,ﬁgt hol des tﬂ% wheel tisp a ro?gt ably. Si ncgg ass

thetemErineaddes 4 vhdedl dep %5d nefleabfaaheatdmiadih@aving super

| ower surface of the frame body 4a of the supporting
handness suph 3§ swperchardmedalnpbiewl sineyed diamendscor the

supporting fr 4. as the suppqrti frane 4 ves
HEE i & hplder ik Tha Selttcinaited HiR v qoracanty-
part i iF%gbq_s [ ' J 0

alar ggjs'%ggg‘lﬁ]g er. é?ﬁé{fgﬁ%%?ﬁégrg? %Et%hée& egFi ‘f‘?g‘m tower
Barféce Frathl! Frdi Boly 4d bF RALISIPIYY Ry PGard 4, the glass
opening at the bottom The wheel tip 5a is constantly
tutten$ dotegralivnaveswifthdbesupphrting frime dnaethebupporting
substrate S even when the wheel tip. 5a is _not placed

rame foBPYPen TherwhandiEin SAches Gafierotdshnpe fRd the central

8

Lt ter| I h ' 5
Bart 18 T BB RisReRach Jbots ol B o Haer B pargest
Qulsétat & PndYsldiFti PRAE loff hE WHeYLO elﬁtmﬁsarotgtably held by
predeterm ned | evel being applied, the wheel tip 5a

thé doldereBb irsiingr arx lopenihgatbthe that tomt Fhealwheel tip 5a is

substrate S. 20 On the ggper surface of the frame_body
gengtently shipRontARy WiERnEDe SWREAdRe A R OFiSElehpaterial

a 6 LS. i t
SAEFSral Kokt LB YGRS LY e sk ol iR ot o ppatsson
CoNARD b P 1081 ScFHMI VA theSBRL Bt ¥d A tbBIAE substrate S. When
attached around the armature 6 so that the armature 6

the sheel ipl 52 bepregratiagoinetatie s 25Edennt tike brittematerial

the armature 6 is a solenoid coil 6a that generates
substrate S by an impaoct force larger than a predetermined level

being applied, the wheel tip Sa makes a vertical crack in the brittle
material substrate S.

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 1s provided. A spring (not shown in the
drawing) having a downward energlizing force is attached around the
armature 6 s0 that the armature 6 is constantly energized downward.
Provided inside the armature 6 is a solenoid coll 6a that_generates
a lifting electro-magnetic power when a predetermined ’volta.ge is
epplied thereto. When a voltage is applied, the upward
electro-magnetic power of the solenoid colil 6a isg balanced with the

9
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alifting electro-magnetic power when a predeterm ned
voltage is applied thereto. Wien a voltage is
applied, the upward el ectro-nagnetic power. of the
sol enoid coil 6a is balanced with the 9 downward
energizing force of the spring so that the armature 6
in a notionless state. Wen a vol tage applied (I

. | d h d |
§’“§’P§§L€"&g FHEhardd o 566 st bor RSO P BPRend o 10
150k RBOLnEQkd o0CLS WS a w38 dgfaacl @ feorél%dti'é.c current

applied to the upper surface of the frane body 4

suipplidainvies d thieer goXémgld oto£l ofeéd hdsspitoiped,0 8ie upward
extent that the wheel tip 5a of the glass cutter 5
edgicsToampgnetiapoverof the sokennidiceid Gefistln;eﬂornd pB impact

mat eri al substrate S. Subseguentl V\,hen

£5EERei-8r PEPY, 0t Hhe YEPST,ARFERCS £f fili AFambPdY 4a by the

FhEfbLd SRIAAGG LR, L ol taf o GBI 0110 99ES wheed

‘dl?l ed éfathe gllabhecdtives! 5 aiEked a%rtiaiueaﬂémam fhe surface
an exanpl e of the nechanical configurationis

qft otheedrlttiki ocmtepialnpabistivetee Sls appbseguéntliyhe when a

frame body 4a qf the sgggortlng frame 4 by the
fd r"gﬁlﬁ‘ﬁ@ ¥% pERLIRA pHRLR p AMYPWHFRL $leREYq gragnetic

YAl LR SARSLARRY ko DOUEYEE, ol SRR Sanso.

cont r afyshéuea Bé Bt ed €naf, 11§ the eIkt }émﬁshﬂnéﬂt ,%an explanation
noti onl ess state by an upvvard ener gi zi ng force of the

shHennegkanples ofsthd eechanbtdhgent$gapgoticrd 16i prcwideﬂe:nn which
electric current is supplied) a downward

B doerot iR e pnks: S35 o5 tho SAme, BOOU 4 (fa thef BHRROTEING.
f Ql B tﬁg 4%Ju%n§ng.€£iyzﬁ%%l—g8$ec€ téher yring, when the

ani c contiguration rrci

m&a@@pbteﬁsbssﬁ@ 8“ phLiea £ jRldvies:, CHE £ tacHRleubl8 to have a

period is shorter. the rear end of the frame nenbe

mzchenichd sopfiguratdohr amewhith,aonothé nepritnatlye ¥hé (Hnnature
rel easing a cooling nediumis attached 25 integrally

& 3& RermEALE PR 12 pationlesst siAte Povl A Apyprd henergizing
force of the spring, whereas when a voltage is applied (1. e. when

electrioc current is supplied) a downward electro-magnetic power acts
g0 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
integrally 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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supporting frame 4 noves up and down due to unevenness
inthe brittle material substrate S or the like, the
cooling nozzle 7 is able to nove in conjunction with
t he up-and-down novenments of the franme body 10 4a of
the supporting frame 4. Further, the cooling nozzle 7
is connected to a cooling nedium source (not shown in

eadr Ay ' N py ed Lpe 00| | med
42°0F P4 "Plprdte ) Rl DL COREHILEE oS Rad il okl 7 10
60RheSERARYI 4MBJLING Ml VAP B8uted ndtCskOM i100tRe drawing) in
nozzle 7 include a lowtenperature liquid such as
vhith ng) hredetegmined gdoidngl mediiin is istoredneratmsfeigerated
gas such as nitrqgen or _carbon dioxide obtained b

E35%1 - BRABRLET Of (theicPoHLap SEAUTE ke Foleased Erom the cooling
t.) 1, as i_ner such as _heljum
BRREE 1 YRbdnadh {u’s Abeitsurs HATR AL offLig water o

£65YDndH1%bhd1, % |1R%CteRSSRAREY bha! Mich S ﬁ'i?i-&%('

t hat igrnrgadi ates a predg{agrm ned Faser bear% oﬁto %rg%‘} carbon
dlokide afitaihedbbit vaporitatioal ofubsinied enitrdyenughdadry ice
hole unit 4c provided at a predeterm ned position of
ragreEtivelvants /el ashan inasogesngish Asehalivm qmhargon, or
h%%éf%th%porti on irradiated with the 15 | aser beam.

T uF'd *be noted that, in the first enbodinent, a

heat edoy SB résr 208%F Ak EREVS S&io:t%g-a ,%Qowé%%g o gillator

materi al substrate S by the la

8hes |aeridsdathsis dxirhdiftes &l ppedet@imindd laer beam onto the
acceptabl e to use another heating source that.

guntace ©f the hpiddlemateyalysubstratiecs thomidhesisle unit 4c¢
| ase b;z%{ts, as ‘Iio S it is ﬁfSSi ble. 20 to heat the
BPOTIISE @b & PEPAS oPesiHia st theiaain £ramg, 4f Of the
. N . |
PSELHAUA sBenblle HOEEaE oty Pl £08kMMo wien ehe

bager beam! hat shici@dbetibted e BV eReirat eiBoddifant, a heated
guide rail 103. An irradiation area in which a |aser

8patn s formadi en éd{ef sonfadee dfathe Wmithlesnaténtal shbstrate s
gy Cﬁ{%{}gﬁegg ggcjl.:[]lavggdcgy ttpxg 1V.\1'hs%%| betalmpossgil?:lfaéor:]:es; however,
it is acceptable touse another heating source that generates infrared
rays or ultraviolet rays besides laser beams, as long as it 18 possible
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 irradiation
area inwhich a laser beam is irradiated from the laser beamoscillator
8, a contact area in which the wheel tip 5a of the glasé: cutter 5
contacts the brittle material substrate 5, and a cooling:ren 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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contacts the brittle material substrate S, and a
cooling area which is cooled by the cooling nedi um
rel eased fromthe cooling nozzle 7 are positioned
bei ng adj acent to one another and in the stated 11
order on the brittle materi al substrate S. On the
upper S|de of the serve notor 2, a control apparatus

pro i.vi pg of the

Sras Rn b e el HeRERT encd BEch s the

dri vi ngp aiRALBhES é‘:l?de biethaServe MR 25SCh ! dcHtdo18apparatus
the cooling nozzle 7, and the |ike. The control

appar pirogided nthaklesonttrodsc dihar driistingebecithet @forementioned
di spl acenent amount in the novenent of the driving
eppRtiiuent] elenents auch Beafe sHiviagorPPILatIRd 1dh ethe lager

i et 1REoR &' o Son) Lap iRfiRe v aRac it ke o Tha control
%&?&éﬁ@%fiﬁ : Spg ta%eergdd\é%eﬂp&@f tl’laldilggl %ﬂ%nt amount

ects t acenent anount e up-an

i taehivameht Uﬁﬂ&&ﬁivingaa&eaﬁtubm otraSBaddtt b8ém o8cillatox
that is in contact with the surface of the brittle

fratand dthes gool ing enonzlby 7déleet i thy ﬂnepu?amqve meweuntdfin the
the rotation shaft f the servo notor

"‘*B"%“%’b*e&ff Fos Frama,adcrlong, 1 Grida sayl ;103 o s ting £rom
ShQUASH oo BBl ede? 195 HiSca ELLLS The CAAG REH amount

pol nt of scr Ing 1I's const

£h rm@cﬁpuudhm hio it s06 £ the wiell! £ sEBd#€ rthel glass cutter
substrate S even when the wheel tip 5a is not placed

Stthatdosin contact witle the serfacabf thabrighle matbrial babstrate

materlal substrate 20 S. Wen the wheel tip 5a bein
PP ORESRTLRd FROI T PLAPFIERE G HiRTOBRTIqR BDREE & PAjthe servo

ﬁﬁ é{.’r fte S noves up and down due to unevenness of
rfttle material substrate S or the like, the

frame podye MbredbpbbLessPRBL! Widh) taPPs4 dfEi ¥h80gldiE cutter 5
hol der 5b al so noves up and down in conjunction wth

Pheviged dd- ekder bto\genemated vebigwle erack pelhgsen oFfiigination
up- and- down novenents of the frame body 4b of the
ga:b% a5 R&r:l.bing is constantly in contact with the surface of the
brittle material subsﬁrate S even when the wheel tip 5a is not placed
at aposition tomake avertical crackonthebrittlematerial substrate
S. When the wheel tip 5a being in contact with the surface of the
brittle material substrate S moves up and down due to unevenness
of the brittle materisl substrate S 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
5a. The up-and-down movements of the £rame body 4b of the supporting
frame 4 generate rotating movements of the rotation shaft 3 of the
servomotor2. Theencoder includedin the control apparatus 9 detects

the up~and-down movemants of the wheel tip Saby detecting the rotation
12
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frame 4 generate rotating novenents of the rotation
shaft 3 of the servo notor 2 . The encoder included
in the control apparatus 9 detects the up-and-down
novenents bf 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

: , [ rfage of
A, B HHE SOGRIEH il 1% Hial B sl oge
amountTid coRer¥legpatafud 9. defter:thsQ G t1P eha tudeOb£ithe éncoder,
position of a |laser beamirradiated fromthe | aser
wwesvenpess| latthe s@rfavendf utheebrbttle matesdoh substrate S from

detection result. The | aser beam follow nn'%?the
ti ameypd offr Fhe dheelt kEP 133 1 t The §R%sd ppint forming
subst.r at e

S i,s aut.omat i cal C roll.ed to make .
SR oB. Sk ARt SO tren bl Erdn 5% 18peT Hep papitiator
PO ad fihed bbRBE lord sldie aS'dbkaEe1d) Mleu1td’ ife!{¥ser beam
vicinity of the surface of , or at a predeterm ned
fisyaidwvinigh thdeunéverdiesisr Aadithé eguntiectof dbeebiiL.ogle®material
t he beam shape, the wavelength, and the pul se wi dth
gubgliratieg§els aematicalyy canbeoind dot hake relathue movement

S A 0 U e B

e [ v 0
OF RE RS ARt e R oieddh R b B HBkUidrillpea deptn
Do vk off, Cantdaddatid djectyr daséending b Hié iHdaf shape, the
materi al substrate S, so that the cooling nediumis
vavelangthat apdcths ttwiseheldth of diret hasexbesrs of t he
brittle nmaterial substrate  S; however, it i

IS

accept abIFWFARR BOERA IPREN JRERT 258 NurSIbadimeRE. the cooling
. . c , nQz7 . 1 doi

A Lo SRR ToRr AR 88 e ek R qf YRR ekine boay

& GFehe supgdrtifgt fitankdesdlad 86 meweAnbesiiunction with the

oscillator 8. The foll ow ng describes the operation of

WprearstiGoyn  npyemenhsnofigthes giasst csttesr 6r teimg tim theatact with

first enbodinent, with reference to the 25 Figgre
gl%edfu{:gag?&f_ the brittle material substrate S, so that the cooling

medium is released at a constant height £rom the surface of the brittle
material substrate S; however, it 18 acceptable to have an arrangement
wherein the height at which the cooling nozele 7 is positioned is
adjusted according to the detection results by the encoder, like
in the case of the laser beam osocillator 8.

The followingdescribes the operation of the scribe line forming
apparatus according to the first embodiment, with reference to the

Figure 3(a) to 3(c).

r

As shown in Figure 3(a), the brittle material substrate S on
which a scribe line is to be foxmed i8 £ixed at apredetermined p;b—s—ition
on the table 101, while the wheel tip 5a is positioned on the rear
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fi As shown in Figure 3 (a), the brittle materi al
substrate S on which a scribe line is to be forned 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 s Qrting frame 4 to which the wheel tip
Higle etbﬁsﬁ? &ﬁ9050|llator 8, and the cooling

nozzl ta d e Q%%! gLt

t he I?f‘tﬁmsélqg%ﬁgﬁt EH‘gf F'E%‘r’e% QB]L e sufface of‘:"x %h gontrol
dppdriaitas il akbivethEor thet Shel Suppddting kHatd A tolifich the
wheel tip 5a of the glass cutter 5 is positioned at a
vYheiedhtip| $tghttrh5a Lasmr belamnosdiblintiort Be arsl athieatooling nozzle
substrate pl aced on the table 101. Further, the

%cﬁm &Ftaﬁ’aaﬁl S, Boyed v the ERES | i thecieft ctfldpy of the

AR 1 ol prfdod Y HRIHINE, 1pfRdy Adeltihéd 5. 1n

{HiRSSUtatich,"Bhe FRBbLAG Qii\ﬂ%‘ﬁafﬁ’e abButitelbars
the brittle nmaterial subgrat e S tg?/;\hen the V\/neeBO‘{QS:L'I::"One‘i

$a eohetlgbt gbbghtiyt Lewed tthan ehebpritielel matongal lﬁmstrate s

apparatus 11 has noved forward to arrive at a position
Riaced endhe tabledOby | Furshes; dheapontned: m@r@us S controls

65 Sy B i TG LB ABEELELT S
PRI &R kns %bb@\ﬁ:tgr'asi@ Q‘:té‘&ﬁ&i Eto tI:ﬂaﬂ: Qﬁ &L&Sg%ive pressure

cutter 5; therefore, after the wheel

050t appeiiddownwastgbithelsugiiatby ok ane brlbﬁ‘ﬂe ﬁ@téml substrate
surface of the brittle material substrate S touches

&he edge of the brittle material substrate 6, the

of -ttt B BRAet BAF 3e'od i P Pt Rbvn Y bl tving
%ﬁaﬂaﬁ:ﬁseﬁﬂw mo¥8a Pédiwad 8L 1e aPS WG §n a edge

e wheel tip 5a has proceeded up onto t sur ace 0
défhethler birittle material substrate S, control is exerted so that a

pressure for generating a vertical crack in the surface of the brittle
materlal substrate S is not applied to the glass cutter 5; therefore,
after the wheel tip 5a positioned at a height slightly lower than
the surface of the brittle material substrate § touches the edge
of the brittle 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
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 epparatus 9 detecte that the wheel tip 5a
14
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25 material substrate S, the glass cutter 5 nmake

up- and- down novenents, and these up-and-down
novenents are transferred to the rotation of the
rotation shaft 3 of the servo notor 2. Accordingly,
the encoder included in the control apparatus 9
detects that the wheel tip 5a 14 of the glass cutter

o P48 BRSE HEEP Al biptotadttin 3Sadine AE-tlidd bt Bpe pratete
raidibiegubsiatlel B.5a of the glass cutter 5 has

proceeded up onto the surface of the brittle materi al
5 subsiheat ¢hé&, eridodlexohis odetg@dathat Othel vimedfl tip Ba of the
vol tage applied to the solenoid coil 6a in the

glasgantdes 5 hes pracesded upiaidodihegurtaceighakrittlematerial

SBRALE €05k SR S L 825t oEPe P e i hoprson

. f [4S dTPACT, f [
] B A cold S ol il e PO e QEEEPE; Uo armarure
PRbVEs idowhiviidaile Wd &n sherglzims Eooée idFetid bhiing and applies
material substrate S applies an abrupt inpact force

a imphace fgarcente Kbesuprax eurface iof bhé tiramenpedy 4al. Because
substrate S. Consequently, as shown in Figure

3 (b) ,
SBUE mpast, FoRos et SPRLed e WREh HmGR pE the glass

de i bL tarl al
SRR bial En MAER, PLok $Rp bbbieds BB B Bt vtye mptertan
dutteakeafpiiid ak Ab2Apt AnpRct¥drto the edge on the surface
el ectro-magnetic power to push up the armature 6 is
afethes bt bt lehatedalandsdrate Sgi ZQargpeaguentlyf asishown in Figure -
spring is balanced with the electro -nmagnetic power

i AR, SCR FDaTHRE & RETIA g, dopth 18 formed 1n

{i [ 1440 L ne el ght .
o RREESS B8, BORILHEReRloT HLERELTR T ubEadnc1y., @
wlitaigeofissCdppliiea tos € NBéhaHotdecadesdf agdtn so that an
brittle material substrate S by the wheel tip 5a of
dlestgoanagnetice poser ttocpusin upothea praatitns 601s @enerhted. The
the servo notor 2 so that a pressure | arge enough to
s @eEELZing c£PFCe hef skhPafPrang: A8 halepred with the

eriaetc%%gxlnaégebé:\t.c; g&&:ﬁs ;Jussh:rl].gé u%%lrh‘? dao that the armature 6 stays
motionless being positioned at a predetermined height.

After thevertical crack T tobe anoriginationpoint of scribing
is 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 go that a pressure large enough to form a scribe
line in the surface of the brittle material substrate S is not applied
and so that a small load that allows the wheel tip 5a to remain in
contactwith the surfaceof thebrittlematerial subétrate s ;.’s exerted.

. Since the glass cuttexr 5 includes the wheel tip 5a thé._t:—z:olls
and moves while being in contact with the surface of the brittle
15
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25 and so that a small |oad that allows the wheel tip
5a to remain in 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 material substrate 5, when the surface

phtbpeaP dé&ﬁé&a%@t gr' WhenSYRS! L thd% f}ﬁg CYSHUEIS material

I'S war pe or t the mh ei ng

€aBhBgAteVS Rabhendvdrinelss , NBé e,ia:qdeas U&.Stt&ﬁ Qs_ﬁahaéhe wheel tip
up- and- down novenents. I'n conjunction with the

op- dedndown Sonbechewith ofhe Herititiel matprial subkstrate S has
supporting frame 4 with which the holder 5b is fixed

3ps8ndx2ovth - BAVETRINE -nov dRerfRIUpGELeR Hdh the up-and-down

BV EREAEE A FREIERT ok 547, BRRIRieo bl P i vion

FRYCABIHeY s5HNEs H148EC41 48 Rlad0es- ardl ablif ARIneRts. Due to the

apparatus 9 detects unevenness, warps, and the Iike 10

ab-&ha- vt inbeemeritar oﬂltmaubusppcatma fryantted ¢ thengottlion shaft
rotational movenents of the rotation shaft 3 of the
§é?ﬂ/'éh¢rﬁP§Y° potqgy @ hagrqt@tlopp aoyements adfhe enceder included

13- Bhe B-Srebcmmetatdzp seteafis YaryoepRaSomazke. end the like

%&' Eh& ebrﬂﬁ!fer hﬁi:efi:&?tsﬁﬂs‘i:rﬁté h%f/% %I%ftgtﬁﬁgn%r s { g"gtational

e encoder. As a 15 resu

mMovements MLEIG 2bCatidinahtbe\6Pahe férvd MEtdt RE, The control
| aser beamis irradiated with a focal point at a
pePRratus dnadinstsurthec Fochl, pointitpesitiete oér mhaealaser beam
epth_insid the brittle material substrate

SRt LEFEE BHadon SRV ERISFEr VETPE| FPAGHE LUBDPR e brittie

PR Yegial il Ul gt Wpcbobdfee. no o

e:aahnag diﬂshzh.f theTby £6t 16 matedi 40 Wubshretd)s/iabi @ibvenness or
with the up-and-down novenents of the wheel tip 5a

theuldkenga flager eamchy drvadhated wi th afecalf poimt at a posit:i.on

brittle terial substrate S. The_cooling nozzle 7
SB<THS BHERR,OFhoF $he RRSesREBLnsL AGBER LPRLGSF  chhe brittle

H&%eﬁ@gi ' é&s’f%{hes 7 ggﬂcé h@héj r&o‘bﬂ&g 'P&z%&bal; for supplying a

cooling medium is integrally attached teo the rear end of the frame
body 4b of the supporting frame 4, the cooling nozzle 7 moves up
and down in conjunction with the up-and-down movements of the wheel
tip Saresulting fromunevenness in the suxface of thebrittle matexrial
substrate S. The cooling nozzle 7 18 positioned so that the digstance
between the end of the cooling nozzle 7 and the brittle material
substrate S is kept constant. Thus, even if the brittle material
substrate § has unevenness or the like, the cooling nozzle 7 is
positioned so as to always be able to supply a cooling medium properly.

Subsequently, as showninFigure 3(c), the laserbeamosgcillator
ie
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25 substrate S is kept constant. Thus, even if the
brittle material substrate S has unevenness or the
like, the cooling nozzle 7 is positioned so as to
al ways be able to supply a cooling nmedian properly.
Subsequently, as shown in Figure 3(c), the | aser beam
oscillator 16 8, the mheel tip 5a, and the cooling

Breehe, Vngal [ 5. Ak Ene DESSFLSH Mol 7, 8600 Bove ka ene
bebadesbriivea BY rbBe1sHd \enn GHaPRakRLYS J4 A ﬂﬂ%tle material

contro apparatus 9. In this situation, on the fore
substrdtd He edagrinigeh Wt e tirtving hppanafm&aldndtﬂm control
brittle material substrate Sis heated by a |aser

pRRAT Aty @i atB’d bé‘}st gituallan.pennthe cﬂqueaﬁéﬂe 8§ Fhg scanning

BERETE Gt oEnS e 2aSe e%B&%Fﬁﬁﬁfeowefeﬁ% PREFERLLE Lo heatea

9f heRLOg, pQéeHﬁ 19883 at68UbY thd ML eraﬁ1d 'o@EH.Qfa@é:?as to a

in which the | aser beami’s |rrad| ate
auﬁxﬁmxﬁe afewiidH the smifsceadoss! motcr tﬁé.‘Et:,SilnSoﬁl@&t @drds, to
wi thout being nelted. Further, on the rear side in
ahtemperatiure dewen Lhan sHeglans sgftening point. ader a result,
ggam on the surface of the brittle material substrate

R oA AR URTSS L dPeXRITR T 2AeT cBoRT Hf irradiated,
Zd St e v
$R8 "y g%ﬁ? Y2430 Pubet iy 840 Hearkd watnout
beingimditea.of a | aser beamon the surface of t he
brittle material substrate S, a conpressive stress is
gener aFugdther, ton the reazasldsy ibythehwichgbry béame Im'radiation
t he coal |hegl area C ontgo which the coalin nmedi u

PEPRLSE qHSTR90 @ s yrtacgatdihia et “l"&eFl"rél substrate
goog 551111391192 &.flinglt r%ﬁlé&éé&“%?mﬂytﬁg £ ng o Y"eo that

ince ess 1S generate ad) acent
BOcHOELIEP Hre@ssi ¥ provaaedlenar ehedldder bBam £50{d1ed6h area
irradiation area L, a stress gradient occurs between
Lilentedrondrdadiatiomoef st Laser beamanhtie enrfdbe of the brittle
vertical crack keeps extending in the brittle

REEEFial aUbBErRLe &.SaPRFeRSEVE fidpse is generated dus to the
heating by the laserbeam. InthecoolingareacContowhich the cooling

medium is released, a tenslle stress i1s generated due to the cooling
of the glass surface by the cooling medium. Since the tenslle stress
is generated being adjacent to the compressive stress generated in

the laser beam irradiation area L, a stress gradlent 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
soribe line, starting from the origination point being tlfg vertical
crack T foxmed at the edge of the hrittle material subs:rate S and
keeping the depth of the vertical crack T. In thismanner, as :'.t—:—:;esult

of the laser beam oscillator 8 and the cooling nozzle 7 being scanned
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25 scribe line, starting fromthe origination point
being the vertical crack T foaned 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 beamoscillator 8 and the cooling nozzle 7
bei ng scanned 17 sequentially in predeterm ned
di rections, scribe lLines extendin al q& t he_scanni ng
i

RRTISREHLAA L, L (REAREHCTIHREA A1ZePEDens i Aetibe; 1ines extending

tart ] a.” ! ! el T H vi cal
Sl '8, LA A A cdbbab WP Fofhea?® 19 L% VLI O3
cut t ernyrierdh sbhebé 1986 9k fdifel/dtalrtenFBirainia¥ oSifiTiatabg point

S. using a stress gradient occurring between the | aser
g theavertical aracgk T formed ibyhtbe lvieeld btpria of the glass
irradi ated and the cooli ng area Conto which a

) of

¥ g AbdFhmedger of dlecBrithls agterjalAuhahmateyS. using a
t hat i be |i t be d i

Siiiar Bl edt oroieriRy Hitegh 5 TRtet SoRn 18rRifhton aren
L NG GASEnVRS fberdBesh AU 1kRali HEL and( the éJlﬁ.ii%LLP&a C onto

line SLC extending in a direction to Intersect the

vitie ian godlimg iniedduinsimivededyed pritmceb e \\e qrodgibil 86¢rthat a
beam irradiation area L and the cooling area C,

greihes clinge Y eBQt gbedfermmed srosping fovar sanpther existing

e ens SR, b SHCr e ChP AR TbaRR 0P SR Py n Pigure

SGf IWae ' t p
40105 el 00 S B 4 oSSR Rhrect ene
@it iaigl Safretiiont U AléaRE efGimdd CoEWGHIENthe  1abBf beam
supporting frame 4 being driven by the driving

Hppriiatdonares loped thagogiiag arapiC, tegauserthe atress gradient
P00 R B Binde e b BotRIRRR REeRRHAS b
%cf’éiﬁ%ned. MEEHE L +h PrAlSpatdi ) ?ﬂx&‘d&nag:otoﬁkéé R&ribe 1ine

ass cutter 5 arrives at "a position beyo

foiRITeabbaa iy 1 uE the ©rébent ldBoldhtREL tha fildoddt! Hibluded
(electric current supply) to the solenoid coil 6a in
imethe qontrel capparatuspl ddetiéntss al digtanee tafr thed woévement of

not at the
the supporting £frame 4 being driven by the driving apparatus 11 along

the guide rail 103. Since the control apparatus 9 stores in a memorxy
the position at which the intersecting goribe line SLC has been formed,
immediately before the wheel tip 5a of the glass cutter 5 arrives
at a position beyond the intersecting soribe line SLC, the voltage
application (electric current supply) to the solenoid coil 6a in
the armature 6 is stopped. The voltage is turned off, not at the
same time as the wheel tip 5a arrives at the intersecting scribe
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

solenold coil 6a and a period of delay due to mechanical inertia
18
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25 sane tine as the wheel tip 5a arrives at the
intersecting scribe Iline SLC, but earlier than the
arrival time, for the sumof a period of electric
transi ent delay due to an inductance conponent of the
sol enoid coil 6a and a period of delay due to
mechani cal inertia 18 for the novenent of the whee

i el ST L e e g
bta% He %t OI rdn %Q]OS]‘:L(!: g}xeheCtﬂ.: Cis ?ossible to

proper?@ val ues of ectrlc curren

yaldif1dte BRe i Ioedtﬁ@ ﬁdi&ldidheﬂr&tﬁ rQeetidaprihertytalues of
t he novenent speed of the wheel tip 5a relative to the

el it dhelelentrjorduntens| wdsieat@ bedppliaddd requined torque
manner and are pre-stored in_the control apparatus 9

YLt 287 Hh FOERTeRE saeed 9t Jdie Waeoh WP carpetivg to the

f t t
PTG o P pBE 8 NS Bro U0 a1 R (S manner anc
a4 8%l o tdPeldNen 4Hie Rheebi | &bﬂé&a‘iﬂﬂﬁpw 88 tyut @ appropriate

solenoid coil 6a is stopped earlier by a period
@elay ppohdd vple cerdbeaegief ran thehetomagat aren abdnweds every
downward due to the energizing force of the spring and

HEpe pewW w#hppmdmoeeiq 8ot 98 TispRorihe FeRAL tdonyhpaltered.

f..thi
@a? orrgp?ﬁ kPl R 18 e B0 PR IS g 1%, 4o, grovpea
£0%y0h & cH esessspénaﬂ% Rb! L ldd aPPhEFid, the armature
substrate Sand tothe vicinity of the intersection

P idiviels dwAwaRd\Bnel tb the ehergditing fordd o6f dhy spradigiarBbpplies
crack T having a predeternm ned depth to be an
er Lgpaat fercpbe ﬁbe Ppper gursase of the fuppertimd fiamest. Because

PR BB 5 L A s

%g’e&g nle
scr |hl %;@fé%’l&g S“'ﬁ)r ﬁ‘E‘gB glgg }g&?gigxt ena 1 n %‘%hﬁzfat% § and

to rumt vidirityt 6f ahsenitddvectian Hosd tloh ECEhewn iaFLdure 3(e);
be in the path of another scribe line SL to be fornmed,
ther¢ley pbs'@irsﬂ-eal ccxastTt having i deredaseBninsshideptbdto be an

gglgatvi%nt pé:iaxlzt for the scribe line formation is formed at aposition
beyond the intersecting scribe line SLC provided on the surface of
the brittle material substrate 5.

With this arrangement, even i1f 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
is possible to form the scribe line SL continued from a vertioal

crack T without failure. ;

As explained so far, the scribe line forming apparatus 1 of
the first embodiment generates a vertical crack T in the“;;rface
of the brittle material substrate S with an impact force from the
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25 crack T without failure. i As explained 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’'i npact
force fromthe 19 armature 6 provi ded above the gl ass
cutter 5. Since an abrupt inpact force is applied

i | Li t rf acg he
G opfBoLagd b Lhg o e lld 208Rle biSomupt snpacr
fare AbeappBlebhilgato « Gaskrdd FoL1R90a &klfﬁ‘ﬂec 'sﬁilk ce of the
depth to divide the substrate into sections ﬁ
byigitleantarial sutistratp&ctit bs pestible th egmturme&rertiaal
may be |imted to an extrenely little strength
RAving a BHFS%,%%’E: S ’%feél ethesphatinateintosections

it a ¥g i ng appar at us. Thus, it is possible
“l'itfh gh ﬁe Scri‘be line form ng apparatus sinple and

CO”DaOI'né NMract. £éPcdViSnethbNBAGtd:Y EEmay BAL jimited to an

applied fromthe armature 6, the glass cufter

aidemedy distle bstrpnyitr aomparedi te &epigssiure Prckdded by a
with the surface of the brittle material substrate S

%'N?naiPeab i BHEtimgand hewerinseapparainse TThumr £F dsqossible
revent chippin and _the |ike that

gt R ek on A A a”%et%pi et prpeain .
subst itle 8nMighdthfoddle

5 proceedsénup or?tt;toft he g'h{lét, ?é?%p%ét#g: 6. the
Flastsheutté s pereidrmisi H TR ibind h:@e&laasén wmnerbéukgem g:ontact
in contact wth the surface of the brittle materi al

vgihibs the sursags \nfsthe bahtitlej paterhah sobstinate S\with a required

nevenness.or the |like of the surface of 20 the
R AP S PreP Ut Eraiar ke, s PRE RSt PRoeRt e ipping

0 oA DO RN Elg L LUSF e bl S8k matorsas

fibstirate Shehdmatle whesl I5isel 68 the (Ikss daeteP S Broceads
oscillator 8 is adjusted according to the detection
YR optesthe brittle material 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
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 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 S has unevenness
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 §, so that a scribe line can be formed in the
surface of, or inside of, the substrate with high accuracy.
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of the encoder, even if the brittle material substrate

S has unevenness 25 0T~ . . aser beamis

properly irradiated at a position on the surface of,

or at a predeterm ned depth inside of, the brittle

materi al substrate S, so that a scribe |ine can be

formed in the surface of, or inside of, the substrate

W th heghe QOGHACY a 3@:@&8;:&8&% msrw@&isgq;@ekmg point
bei ng an origrnation pornt of a scribe’line | orme

b¥ 4 heribeelidd AsSfofthed B9 theStheal! t85 5aDof b ifl@ss cutter
vertical crack T is urged to extend al ong a pl anned
Scrandethe veetitsl crack Tois urgedeio extand abéng Rcplanned scribe
brittle material substrate 5 S, based on _a te*g)erature

48 & MBARE A ERPERe SHERHN (e ERE T Lo prtAnial eupstrate

B R ohf sPREpafinl blpd 430 AR SEHHbRRL the heating

EE8 a2 fishrOpb M Bia &h&%dbl%%'&iﬂﬁﬂ%%h.iﬂ? fedidf on the brittle
origination point, and the amount of cullet generated

matertal gubstisatee $er Thhapn cuilehdscearendtedordy by a very small
conventional method 10 with a blade is used. The

EBRLRHReap tReANigivation petat ; gaddhe ampynssof gullet generated

rivin appar S so, t hat the eel tip 5a mves
$hi Vo0 B’ Sadt ik, thaRvin (Bie, ofe Hie, pr Gl metnoa
Rikhtd Hradestibahgedy @ | 0ad which does not allow the
wheel tip 5a to damage the surface. Wien the wheel tip

15 5a maepesitrcdnagparatuse Sveantidly the adrivdgg af theedriving
brittle material substrate S or in the vicinity of
enRparatus 3t opi thatihea vhesl tipfa mevesvhdde Haingdeptidmeontact

BRI U1 SRR (5 RBe QT aikaeoP i (TAF o X &t AR Yiien does not
4eibk Cile GhAGK t \éaﬂ%ad&ﬁfékettﬁwkﬁfﬁa Pl indre the wheel tip

generated 1n the brittle substrate; 20 therefore,

5a 1 peshtronad flarthe viethbey lofnen Bdgel 64 thegbrittle material
accuracy. THE SECOND EMBODI MENT Figure 4 is a side
subgtxate SsomeAnt thelvicioisKwsof, thy iipgerpectidqmn nesjyion Z of

gi%pé%ﬁ-gg gin% SL& %ﬁgi lqullg grte‘cf)iét?sely S Ce(x)'xn:éj oz%ré%? %rer%%tnfrol apparatus

9 controle the driving of the armature 6 so that a vertical crack

having a predetermined depth is generated in the brittle subsgtrate:
therefore, it is8 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 mecond embodiment. Figure 5
is a front view of the scribe line forming apparatus 1' viewed from

8 crogs sectional line IV-IV in Figure 4.

s

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



10

15

20

25

is a front view of the scribe line form ng apparatus
1' viewed from 25 a cross sectional line V-1V in
Figure 4. In the scribe |line form ng apparatus 1
according to the second enbodinent, as shown in
Figure 4, the |aser beamoscillator 8 is provided so
as to prolong toward the rear side (the right side in

1t t I 9 t hat
B oo B PEATAMEACRLRERBAPY Bl ¥ phdEk foam 10
95 d1ia28d36n “iﬁiecf‘eéf‘ @i¢eest tHePposftfbn HiCwhi@$ the wheel tip
cutter 5is in contact with the surface of the brittle

SmbErtha ghads tutter S.1sH5ivicontact hdithcrdf sgrfadd of tharrittle
the same as those of the scribe Iline form ng

l&%ﬁﬁi-’r—"d’tlu§u'955€@éﬁtﬁ ng to the first enbodi nent,

det ai | anat i will, be omite In t esc

T he ¢ Siaes ehaR puffatbacsohs AR khe Sans'hel Hodd bt e sortbe
Qpphta @it Re GO ERE, r

Jé%?egﬁagﬁﬂ% 51:,n t he sta%{c ggagrrl%er al oﬁ%e d%ég‘éetz}%n&etmled

&tpldittiovnewtdl veldmawitag.t he guide rail 103.

Accordingly, a contact area in which the wheel tip 5a

of theIgI'em; sciberline dorpdng appanatust L&, rthewheel tip 5a,
substrate S, nlrradlatlon area in ich a_l aser

£he, haseT, PeaoBeAliat R, & nana theoropLing sozsle ot giregarranged
ﬁ@}nae GeRLLE% m@{,ge Coageae%&rqfte Qge z]ir?%mll':ltngollowing

umrel ease ol'1ng nozz
ﬂ@élguiaeeﬁhubqwg Adicae8ihgly, anCoriiithefe®An! WRich the wheel

brittle material substrate S. In the scribe |ine
tip Banof &ppagleasscuttesf 5idnatagts ridmwbntittﬂmmatqmlsnl substrate
encoder included in the control aratus 9 detect

?he‘%ﬂrrﬁﬁ%’-%'b’vﬂ\" aFEy dRCRLCIL R LS RE8P 18 errsa#ﬁt%sm the
: S BB -

SR ol SEe 1 G MLA2L40sPE MR, £ A by ene

88SELh® it k@ledlfed ERomOtRé | Cb1SAGl ho2z0d 1 h&esgaugtionea

notor 2. The laser irradiation position of the |aser

beimg esijiakceat octo sneranatied onrthiehbrittle satierdal tdubstrate 8.

glass cutter 5 is_adjusted according to the

Inthescribeline formingapparatusl’ of the secondembodiment,
the encoder included in the control apparatus 9 detects the up-and~down
movements of the wheel tip 5a of the glase cutter 5 that moves while
being 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 irradiation position of the laser beamoscillator 8 provided
on the rear side of the glass cutter 5 is adjusted actoxding to the
detection results.

The operation of the scribe line forming apparatus 1’ according
to the second embodiment is substantially the same as the operation
of the scribe line forming apparatus 1l according to the £first embodiment
desoribedabove. SinceFiguresé6(a)toé6(e)areprovidedforreaeference
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detection results. 25 The operation of the scribe line
form ng apparatus 1' according to the second

enbodi ment is substantially the same as the operation
of the scribe |line formng apparatus 1 according to
the first enbodi nent described above . Since Figures
6 (a) to 6 (e) are provided for reference 22 to

I T - JIE o —
fXQJfa@ﬁL'éH?:o‘Md' SmiRaHThL &et%‘l%ldsnéﬁf&iﬂi% YL %mi tted.

apparatus 1' of the second e generates a

verti Cpthe @otke Ting #d¥mitdl dmsa-atiust e o ritel $€cond embodiment
material 5 substrate S with an inpact force fromthe
aenpraies 8 yarddcaderasky® #1'h§hgl%\§§9@9t o®the bigittde material

abru act force is a i ed on to a desired
R 5 st APRRCE TG 6P (e mﬁ% §|provided above
t
& aiila%‘shgv?ﬁa* 5o p s sl Soblpl WS cbiife W bhbitea only

£0 Addmaeal gisA t 368 bnGilfe #htthdd & tAE bith 8€le mdbeF1 ds@batrate
i npact force is not applied fromthe armature 6, the

8hdslig ppssBalecto ghreits the verbicsl crack Tdmwimgya gufficient
Light load that allows the wheel tip 5a to remain in

deRELte divitAethe WE&&%@"P@WI‘Q"&M fefaracy, When

b
f“ﬁx;aacithg ?%r Qﬁgeﬁéﬁ%&% e?lg preven ‘ié%%n‘émeel tip

gacbﬂ Rfel ddehsl BRttdBY FocOR GABARE Rh1bhe m.aeu@ét tahsows the
brittle rmterl al substrate S when the wheel tip 5a of
wheel)|tays 5autd eremaipr in csistant witlh tHee shrfade eof the brittle
materjal substrate S. Further, the wheel Ptﬁ‘iéf 5a of

pREeTal subgErate § BRGte PansraLe 2 REedgteppingd sgxdbe line;

I ubstrate v u nd, .20
SaenCfor i bb . FELFLp Y, o RISy R B3 09 gt may
sHléaRObti fife Ba Eatéie et Efi@éléhkhﬁéfﬂf sabsewté ewhen the
encoder detects t up- and- down novenents of
vheel tipSad fheoylasy alttay Hhprdébeedoimbntothe bai.tt:Be Witerial
the servo notor 2. The focal point position of the
fukgtrate S.

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

with the surface of the brittle material substrate § moves up and
down in accordance with unevenness or the like of the surface of
the brittle material substrate 5, and the. encoder detects the
up-and-down movements of the wheel ti1p 5a fromrotation of the rotation
shaft 3 of the sexrvo motor 2. The focal point position of the laser
beam oscillator 8 is adjusted so as to be in accordance with the
unevenness of the brittle material substrate 5, basedon thé_ detection
results of the encoder; therefore, even if the br:l.ttl: material
substrate S has unevenness or the like, a laser beam is i;r:iﬁerly
irradiated at a position on the surface of, or at a predetermined
23
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beam oscillator 8 is adjusted so as to be in
accordance with the 25 unevenness of the brittle
material substrate S, based on the detection A
results of the encoder; therefore, even if the brittle
material substrate S has unevenness or the like, a

| aser beamis properly irradiated at a position on

the surface of, or predet erm ned 23 depth inside
aspth; Hasife of) euTﬂaPEi‘-F%ﬂ-e E&Egﬁ%& gubstzate ﬁat 8Q, that;g,gcribe
line can be.faor t acy. THE THIRD

505 F‘R?ERﬁ’iog %Sﬁjé S|2’ View that schematically

W%IMSW 5 form ng apparatus 1" according
to the third enbodinent. In the third enbodi nent, on
t he | anbrursu? fiace sdfie tview ttetesclmetitaldy shows a scribe line
supporting frane 4, at a position to the fore of the

Fraaiangc apperabls 4 agépré ng | tec &henthied, gabedime

provi ded at ect.s Irra Lation of a Jaser

beam Pﬁa‘hﬁé?hgﬁ& te Mt EIPWTC') £'su‘# PopE Qe frame
écéo{ﬁ}‘ 4850 HheC B0t | E:?mné“&d &P% bbK£ts.onl ES%&E 'i%i-e of the

figurations are t sane as those of the scrib

gl BT, adppar anuﬁldcamrgku@g tooLd ﬁtﬂmﬂdfeﬂthat detects,
enbodi nent, detailed explanation wll be omtted.
w strretmtépm af i anlagen heamr changeshdof ¢hei Ryittle material

aratus _1" 5 of the third enbodi ne

AT St 9 essmeeﬁewatwﬂm&flﬁ% sGHPER other
b 081 ABEGT Bl Seohe? S5O bEY 9 okiBb 11ne forming

rrent eSCI‘I except t hat unevenness in

apeardtidedt aicebriliieg ko £1d £ rseabbAlmEiSA6EAELe akSlanation
detected with the use of the |aser displacenent gauge

il tﬂvemﬂ@ted detail ed explanation will be omtted.

20 The_scribe line form ng al{J{aratus % of the third n
enbodi AEHP- t@’@n@?ﬁ’c'%gi"é‘ Q& rthe geribe forming apparatus 1

H rJ ? %P%r ce r om %ﬁg %ésrg Wg?%#%ltg-ﬁ'ig t?%gmgo%ge%eagberation

of the scribe line forming apparatus 1l according to the first embodiment

described above, except that unevenness in the surface of the bhrittle
matarial substrate S is detected with the use of the laser displacement
'gauge 10; therefore, detalled explanation will be omitted.

The soribe line forming apparatus 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 subgtrate
S, 1t ig possible to generate the vertical crack T having a sufficient
depth to divide the substrate into sections with high accuracy. When
an impact force is not applied f£rom the armature 6, the wheel tip

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



10

15

20

25

the glass cutter 5. Since an abrupt inpact force is
applied only to a desired position on the surface of
the brittle material substrate 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 inpact force is not applied from

Wl iR Bshe JrelAp ot JORAAREHEE YR G PRESS 57 FhEcprittle
&\a@eéfai QubBEBALL 19 2@ A Jenlirhle td pradbtamfimda 4ieibe 1ine;

brittle material substrate S and to generate a

phefetcard) Nedssposrble 86; preaventediiyhing and thesEikd €¢hat may
to prevent chipping and the |ike that may be caused
ke cduseddgt Wie efdgenf thecbrittde aatelabsle sabgtEatdh Enwhen the

the 5 wheel tip 5a of the qglass cujter o] gs u
B’ﬁ?%l Fﬁ% 5Br°|ft‘i‘{) TRasTIEHer g%%%"c? “%P“ h‘ gF terial
%ﬁé acemant gauge 10 provided at the fore of

e g’fass cutter 5 being in contact with the surface
of therlakthét £ tnetladeiradispibcensht gaud8iRChBovided at the fore
unevenness or the |ike-of the surface 10 of the
bE itthel glasmt enttar § bedngdnecdtadtewit the puirfiace ofi thieobrittle
of the |laser beamoscillator 8 is adjusted so as to

paterlak ayPatreEe ﬁ/\ﬁ?ﬁe‘f‘iﬁa UDREORRPRS §rot=h? H&¥6r % tHhe surface

h
3" fig YraBAie MGty BERSEdl o) 0 mitd ity o o ok eson of
khe! Nesd¥ 'bEEheoé'@iﬁfa'ték- 8 Ubs idadLgtéa has a&n%equ aBbordance

the like, 15 a |laser beamis properly irradiated at a
patht the unevehresaidfathe Wfittle materimicdabstrated, based on

depth inside of, the brittle materi al substrateS SO

thaidesestiop Feppits egmleméésm%mm Q¢ herefore,
n

shph o S PR s Tp et PrA R REBA R e X o rﬁﬁs*'é‘ff off gk the Like,

deigedr heiinf st Pfo y 4%r8h1at&OntaG! bi@i&?%i?‘%he surface

gauge iInstead of t [Ffaser di spl acenen gauge 10

BENt oo NAE éilfmaletlelﬁmﬁﬁ&h ddpthhansddiebef| i tise fhrittle material

appar at uses described in

substrate S, so that a scribe line can be formed with high accuraacy.

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
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
poslitions; however, it is acceptable to have a configura.t:l;on wherein

o~
these components are arranged, using a publicly known technique,
on the supporting frame 4 so that their positions relativ;—i:G one
another can be changed according to scribe line forming conditions.
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the first through third enbodi nents, the glass cutter
5, the cooling nozzle 7, and the | aser beam
oscillator 8 are fixed at predeterm ned 25 positions;
however, it is acceptable to have a configuration
wherein these conponents are arranged, using a
publicly known technique, on the supporting frame 4

th t hei ositions, relative . t.0o gne _another can
il iRts iRt S e el PR Y ot sorive
Lot haORRets the\ ¥di He i fnd 8BLMAY Bbh@bidrs.! STt is suggested
possible to properly forma scribe Iine that neets
theet sthvel lpmbliicatien nofhotieo ilifanens. Patents NoJQHRI7/48 may be
that the publication of the Japanese Patent No.
wRferepgefafon yarieud conddtieons Lnapepibe ddngifamation and the

SeeeIonship PehEe, dieRs seitiiobs Bt (e c818FL R dosttions
SO LhPoh zggﬂq:oaggghgﬁoﬂﬁ&cor ding to each of the

scribe line formng apparatuses of the first through

t hird redosiingnts eddhconngnl sticbdaine toinHspparatuses of

cutter 5 generates a vertical crack T to be an

the Fixsti trrquehnthiny embadiments, thacvheelt hap [Hd of] the glass
nd unevepness and warps. in the

ial sub S,
SHiiend gRurReteh A FPEChoRD SR Aotk R @nooRigination point
$PLChL e 118 BhU phict e RRBSHULChOIAUS L) Una ynevenness

apparatus configuration I nexpensive and conpa

and arpac 1A thd euiacacoéerid ivrdtele tetdr183€Bhivstrate S are
invention is to be 15 able to generate a vertical
detarkef;t otherefiore,i gihatlisonppssibtlenf toa rgake behki nepparatus
after an edge of the substrate S or the intersection

‘b?ﬁit‘-rﬁ'ﬁt?_ SIIERDCFIEG P4 LEPATENR | FH2RIvance; |
there 8ﬁ1§ l'oabf:hé %haggé‘?épisetofc% Bk %%né%?asged'xt %f'v?ﬁtje?}b é.s to be

uncontro e crac rom berng gener at “al

1d (o gHhetded @ Yeftiddl IdackNt o el AR bRARANEEIBN point of
20 By driving the control apparatus 9 so that a

§ aariidpel linecftel an sdger ol that sebgositel 5rozs thghihyersection
i nside froman edge of the substrate in terns of the

PRAAS Z2di% RAEtSA PR iAeSer Bedm dngpflyange s theggfore, it is

possible to prevent an uncontrollable crack from being generated

at an edge of the substrate S or at the intersection position %.
By driving the control apparatus 9 so that a vertical crack
T 1s formed at a position slightly inside £rom an edge of the substrate
In terms of the movement direction (an innexr cut start) or so that
the formation of ascribe line 15 terminated slightly before it reaches
an edge at the end of the movement direction (an inner cut finish),
it is possible to prevent such an uncontrollable crack from being
generated.
Industxial Applicability
As explained so far, according to the present invention, &
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the formation of a scribe line is termnated slightly
before it reaches an edge at the end of the novenent
direction (an inner out finish), 25 it is possible to
prevent such an uncontrol |l able crack from bei ng
generated. Industrial Applicability As explained so
far, according to the present invention, a 26 whee

' f ass ' i [ N
D fieed S50 "ad Bt Y S e Sl Repk s contact
Woin & bewttle suvitiratéi By 0 1daa0@eLdh GoskI AGE Galliowt HRe wheel
substrate. A vertical crack is generated at a desired

Phsito damaget hie bsuttfidce efibthe saubstiratean % versdcal crack is
force applying_neans that applies_an_abrupt

[ t
seneratad abne GPBESt BOBSELG I HEnPERELLR |FUtsETate with an

ubstrate for_ qgenerati e, vertica h
44 BoRoh ApASARH MR, B SRRt S0 B foroe o

Vi G%raalg SIS méviip 8h RRABLO6€1d babstratyl sariildrating the
nozzle are provided so as to be arranged along a

péotied ssackehdvingg at preddétdmmderdbdeptlins cHithtmespect to the
being for irradiating a | aser beamto form an

genexptad wrtdced P e errl ladneandmAceking nozzle
softenin point of the brittle substrate nd the

E50 Ty egore S PR Greopurd IS & gsrelotrti atne, tne
12260 Yol WBclh DEatld HdiRigSEES  {Aldi1aMRg 4OLAe! HRER to form
gradi ent that occurs between a conpressive stress

grnbrridatibni drédd) havingca aemperaters dowelrethan tthee softening
substrate at which the laser beamis irradiated from
poatnt ofo thechrittle |suhsdratad and &g ceoingnozzle being for

Ceferel oo 8.8 SOLLARLSe, 2 Sullah LGS SR rece. oo
¥6 agﬁabggggaiegéggag%s&m s%ﬁ%eé?&@%ti% sH:%eH%gggerated

bé
1o exten ong t anned Ine so as to

iarihe 1884t ddm8ref\QROLRS HEFite1é ubiteacatat Mesh ithie laser
with this arrangenent, since the wheel tip receives a
bean ishizraddryed Frondhehlassrdan ¢gcild atormnd 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
form a scribe line.

According to thepresent inventionwith thisarrangement. since
the wheel tip receives a load that only allows the wheel tip to remain
in contaoct with the brittle substrate when being positioned somewhere
other than a desilred position at which the vertical crack is to be
generated in the surface of the brittle substrate, noi_excessive

-~

pressure is appliedto thebrittlesubstrate; therefore, it ispossible

to prevent the wheel t1p of the glass cutter from damaging the brittle
substrate, for example, chipping off the substrate, when the wheel
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in contact with the brittle substrate when being
positi oned sonewhere other than a desired position at
whi ch the vertical crank Is to be 25 generated in the
surface of the brittle substrate, noiexcessive
pressure is applied to the brittle subatrate,
therefore, it is possible to prevent the wheel tip of

fr i (it e,
Y7 sL08R808 g Rinec! REL AP0 sbBECAS | \hr THERAIGH.
wheel parthHer) BYES CEEIStHED stitEach Nef bitid br@ tEUeShikdSate has
for instance. Further, even if the surface of the
yngveanness ubs t thet dristlansvahrate b wdnped.,i k| 45 possible to
substrate i s warpe it is possible to adopt an

d,
249R% 50 PRERTY E6hiPe i eanditien; that, ig g, gerekdance with
i t h i t f f it
e Besnk"6e WOBheflod U2 ML GG biSstideel| Enarerore, 1t
54 219061 BE divdes FEEhNEdie 8cPlvd e ins. Uused for

the formation of a vertical crack to be an
ori gi Nngrtherpoirel obladects beedifve; the \Sormation fof a vertical
than that, the vertical crackle nmade to extend al ong a

Fraghée Be raheriginpation podut@f & sFrabe ckines hpyever. other
i th the e_of mal strai ener ate in th

P ehgf KBS vRxrLO (EpaR s BateliT SEE aronty R iGpnpnn portve

Pine £o X8 16 £FRld s HIRIN ARAIEH e WHd §F PRGN 9@%&!&1 generated

and the anmount of cullet generated Is very nuc

BetHee bri bole | sulidteatas ethdrsfore, callet tisogahef@td®d bnly by

wth a blade is used. 15 28 CLAIMS 1. (Original) A
& Meye skt gmeumitnpesy jdheapuiginaidns padnt o angk theagmount of
crack formn er that has a_bl ade at t
SR (LR VR FP B e e PefR of Pt o985 phere &
Ebhveltie1Bhia hOthRP WiknOh B1add 3P ubbAS DY Pressing fhe
ade agalnst a surface of a brittle substrate with
pressure;
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an inpact force applying neans for applying an abrupt
i mpact force to the vertical crack form ng nmenber in
order to generate the vertical crack having a
predeterm ned depth at a desired position in the
brittle substrate; a heating nmeans for form ng an area
having a tenperature |ower than a softening point of
the brittle substrate; a cogling nmeans for cooling the
brittle substrate; an arra novenent neans for
arrangi ng the heating neans, the vertical crack
form ng nenber, the inpact force applying neans, and
the cooling nmeans to be positioned so as to nove

1. (eriagimali oAt herbbetiliresibsmingeappappbdet epmpnaging:

interval s along a, pLanned scribe || t LS :
prea¥rahyed o 9?ﬁ§ %gﬁnggemSWB?ﬁekﬁgFtF?% éu $pfig aF a tir

theP88f 2ag@Ni § OhisdAl Eothabramonyr al sedtivabgcobickheoi bpaah
force applying neans. 2. (Original) The scribe |in

origbnat hgnaPpaRht 85 AcEBFdPAgliBe BYaPRFESIRAeFBPn LAES against
a s?%?gégloHnéthQQE%QLﬁuggt¥hgg Qf chhgr¥gEhieal crack

m ng menber an e arrangenent novenent neans So
t hah ihpacbl Adecevepplyhngembenagfkepapphydogt aot akirupt

. the surface of,the brittle substrate by a |oad.whi

i DRRestABEE Ak PoHIENESEEATR L GTSANEGETCRE. aPPaLe B OERET tO

gen®Fhtl!| ensubettakel apdcwhravihg Bl pdedeB@rinsned depth at a
positioned in the vicinity of an edge of the brittle

deSﬁﬁb@tpaﬁétéﬁd in the bréthieysvbshrpgh€si ng poi nt at
; X b : ¥ .
[ heRething nBdfie PRSP EoRubhS pR prka ARTEAGSE! tifiperature

_ uni't = con e drivin f
lowéhpekanf ar sefappl ygngotmansfsohasbtrattenenbserbke ;

vertisal ;Shagk NavEng LS, RLgIeher B08d12eRLBst Race ;

an arrangement movement means for 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 unit controls driving of the vegtical 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
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the brittle substrate. 3. (Original) The scribe |ine
form ng apparatus according to Claiml1l, wherein the
heati ng means 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 vertica
crack form ng nenber noving on the brittle substrate
and adjusts a focal point of a [|aser beamirradiated
is fpepibloasdr beantlbeciviatvituccofdiag teodga reful thef brittle

subétbleaggt %gd' e he( gllcqln%%a/i) mqu S 'é%%.rl# EéOL% ma[Eg which the

appar at us according to erern cool
bla@@agassssaﬁrapgedlbyslpefafmaagenﬁﬂbenﬂmmentthﬁean&mrol unit
in conjunction wth

: s to ve up and down
contpelR dt BeviT b Uaneht S61 RECTorFER AR ADITRIRG SO as to

gen@?gggrGHEHVQPﬂféaPndﬂﬁ%ktmé$1ﬁ§ tHestpAbget@rmined depth in
(Original) The scribe Iine formnhg apparatus accordi ng

the tloritk h¢ nsubswhatein the arrangenent novenment means
either arranges the vertical crack form ng nenber,
and the heating neans, and the cooling neans to be

3. posidginaed Tietdershat ether fiermingmppipaeusi decofding to
t he_ pl anned, scribe [ine, or arrange the heating neans,

Cla%%e  VBRETREE crack forning nenber, and the cooling

BQaQ?ngpﬂébhboriﬁglhaetsh% slated n@&%n fIPRRAE detects a

fore side of pl anned scribe |ine. _
Chamgkugnnalﬁéimguunﬁkﬂh¢|ﬁerf@cﬂ1pg appammuntkﬁxxmbﬂwmpte from

wher ei { I r angenent venent ans
up- 309 00 e TR TR Oy oS TUFRE NG hanfEBFek, pESHRing  member
movheat bﬁgtmanﬁmtafméteﬁbgeﬁét@gaﬁaar&aﬁgt@s d0focal 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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be able to change positions relative to one another.

7. (original) The scribe line form ng apparatus
according to Caim1, wherein the cooling neans

i ncludes a servo‘nechani smthat adjusts a height at
whi ch the cooling neans is positioned. 8. (Oiginal)
The scribe line form ng apparatus according to Caim
1, wherein the vertical crack form ng nenber is a
glass cutter that includes a wheel tip serving as the

6. ?b?g&iﬁgﬁ rehbalby i BHPRORES FothenyhepbathBPus9according to
cr|g|na|§ The scribe |ine form ng apparatus accordi ng

Claiw 1 wheréinwherein the heating neans is a | aser beam
oscillator that . irradiates re m.ned. La :
beiit 260eperngrRaryRneeE paaRr et SRy P EBEpigal crack

formCagr flembet 9 tRkahantinvhaeehs, tdiel aow i INRENSNdamsl so as to
cool ing nozzle fromwhich a_coolin nmediumi s

be ableatedchanpge pesitéPpgi RSLRCTNE g@rPBE RPRENEEr i ng
apparatus of- Claim 1, wherein the inpact force
applying neans is an armature that generates novenent

7. {@eiginalbr Theessinbet hénpl ddemiapai apparhsus3acsoirfiang to

o1 of ihe rigtle substrate by turning on or off

aPect r'éFty Bupplied to a solenoid coil. 12.

(Cutnentbyl AngneledhsThacsadebeal sagvbomechgnappathbisadjusts
according to Caim1, further conprising; one of a
a heigkf aFsphacbnehe g§agdéndn@eangontabpsitioned.

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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di spl acenent gauge for detecting a change in a height
of the surface of the brittle substrate. 13.
(Currently Amended) The scribe |ine form ng apparatus
according to Claim1l, wherein the brittle substrate is
one of a glass substrate for a liquid crystal display
devi ce, a glass substrate for a plasma display panel,
and a tgI ass substrate for an qrganic EL displ ay

surfgfelof fhe (i g hal ubS Seat LY | HEFH i Yy Met Aol
e1le &AM S) NG 3 e e $1EPS A1 M1 @ dmdki ng a verti cal

crack f'ormng nenber having a blade at a tip thereof
nove on a brittle substrate, generating a vertical

kK hayi i ned, depth desi
R I R
accaPing N CRaS 1 hatudghd eSomdr Bingpi | npact force to

the bl ade;” Torm.ng a scribe_line by formng, with the
verts caPfcr a®k, 1a6ey rr ddSRIP6RMEPES tPRAEIRas 3pd &  contact

: r r a enin LAt h :
cisSIRAA Sl OUEIcopoeRec bl NOnBRGE! B Hhneiane of e
sur famaangfe dlon biid thre tallsstswddst rate, and formng a
cooling area in rear of the irradiation area. 32 15.
(Oiginal) The scribe Iline form ng nethod according to

13. @iredih 1 yWsiaided herigensd b dl S P Sfm Deesgba Fgus
the vertical crack having the predetermn ned depth at

accquEingesia &laisiti orhefetme brittle substrate by the
| Ract bE?EE?eaPﬂﬂédﬁ‘x?an{%ea@% !éné’%ffora}m%%‘éggg st gtrf']aete for a

bl'ade I's positione he vicinity o e of t
liquird t trgssabstdiatpd eanddéenmithe \d cgbasy efubmtrate for a plasma

dis#até(e/irgggé ?P&nﬁg}{ tg';]?ansgt s\{\lgls%gagzge 1:bo|radaenI 8&85%?? S‘ELa 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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scribe line. 33

15. (Original) The scribe line forming method according to
Claim 14, wherein

the generating stép 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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