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TITLE : "SCRIBE LI NE FORM NG DEVI CE AND SCRI BE LI NE
FORM NG METHOD' Technical Field The present invention is
related to scribe line form ng apparatuses and scribe

TITLE heSERIBE DINKEORMING DEVIOE MNIPSCRIBRLISE FORMING MBTHOD”
used for dividing a brittle substrate such as a gl ass

TecHifiioadt BPiebdi ncluded in a liquid crystal display device
or the Iike. Background Art Liquid crystal displays are
appl i Heb| prasensndinivest fenl isntelaedd orp tsrmiiteal Lickeyvifoeming
and projection devices and are in demand in a w de range

apparfateisds aad sdvd bpergenaimiasgmetbrdadiokdioraipgideecad scribe
along with the rapid progress of information processing

lirgeshmsed §or dividingabnl ttdeciumtaate sfuchi apadlesgsidbistrate
di spl ays has been drawing nuch attention. Particularly,

ingiudedgdnda ckiBid cagvsprhydispdaypdesbrmlor ¢baplikes and
tel evi sions, the denmand for naking the display screens

By Qré’iugérh'é\nth hi gher definition, as well as lighter, is
|ncreaséﬂlr:@l.r Developnent has al so been made to have Iarger

and tiF 1 bR iaiSesath aPRLicablgedp ﬁi’@H— -sized
1af el inn ﬁ?—'ﬁﬁ”ﬁ?fi ag o gh P pEs IETheR o ¥es gy h demana

\ h i f di vi di b
13,8 &E'g?r%ad*%e 0B LHTH ot pareafd: LR R Brplnds
2P wiEn ShATRIMIALES IF *?%‘?%194%"&6%%&%?%%% hABTo0y.

mgtfﬁreqig%éval ot ro%dlﬂgy gfgsgalr %&bg&@%hﬁe& B%Q&ﬁlg

ass substrate an step dividing t

m@@%%tgﬁleﬁgl{ ate 25 along the scribe lines by applying a
bendi ng nonment al ong the scribe Iline fornmed on the

sur f agatabull Be1p] agsrsubghiat @rybhal haissrape 8680 paEsonal

formng the scribe line on the gl ass
computers and televisions, the demand for making the display screens
larger, with higher definition, as well as 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 thinner, a high-level substrate
dividing technique is in demand for dividing glass substrates into
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
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 glass substrate.

In the scribe step of forming the scribe line on the glass
substrate, if the scribe line which is a line with a vertical crack
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substrate, if the scribe line whichis aline with a
vertical crack 1 can be fornmed deep into the gl ass
substrate and vertical to the surface of the gl ass
substrate, it is possible to inprove the accuracy | evel
when the substrate is divided into sections along the

c8f belRrhkAfleeb nite HA ERds sS@f tira tB @npSich @i kB thalr surface
therefore, it is inportant 5 to nmake the vertical crack

otlagie. gFds subsftafre ,USt A PogEamIal toy iRpesad @He HduBacRIevel
di scl osed in the Japanese Unexam ned Utility Mde

whep| theabibat Fatd iiecadivided\Nantb%a88420s alend ithe kchtbedyne
be formed on the surface of a brittle material substrate

ihytheobréaly s&ephrebetpgrfatrinad Niedteat: therefiogreofitl A saimmuirttant
over the surface of the glass substrate with pressure.

tounakeerthei verticdls erpoksiége. t o use an apparat us
di scl osed in the Japanese Unexam ned Patent Application
Publ i Eariesamde, 5esing @3nangakl-operaged ouhhear asfdisrloged
lines on the surfaces of a pluralit of brittle materi al
13He rapesess iinawmsusry Bl dot Yadel pnlicardon mlmtépn

scribe_ line by cutting the surface of a glass

Nao5Or PRE 0 i bec e ban gh fohedn SHriBtaceart paritiae

m%r%%{aanb%akgge & ﬁeﬁpiif%iézié@aéﬁri‘%?%@%ﬁg' éﬁfmggy of
i) e”riéoé‘fte%uﬁﬁ%ﬁaé’% o4 R hh2 e RGeS e bl

Moty HE 420 BEs e O 04 b AHpftatld a8k Tkeq 40 tne
ggagé eabﬁe dorp%%gmz e%;ﬁi\e%&&bﬁaﬂ»%e ﬁ%‘fflbﬁ Hénesrf-tﬁ@sss

ressing t agai nst t surface of

for! %Hn%& & AlfBe del {411k 2D8kd QUELAL %urﬁ‘ﬁegbﬁ@fg‘ gﬁ.ﬁmli‘ﬁy

an air cylinder. 25 Wth such a pressing g a
of | Bt t1d e2RStL PNAI isiBs t FRELR oA nBOYEME Tand hutSmdically.

possible to easily forma verti cal

A method of forming a scribe line by cutting the surface of
a glass substrate with a pointdiamond is not suitable for forming
a scribe line on a glass substrate used in a liquid crystal display
device because cullet {glass shavings) is generatedwithout exception
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 crack is generated by pressing the wheel tip
agains_t the surface of the substrate using a 1lifting 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
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crack that has a sufficient depth in the surface of the
gl ass substrate unless the pressure applied by the
lifting and |l owering mechanism 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
191 28GeSURSH tRE G tHChENd S 18 RARSHRL!dlakstibaibd gy 89EI& is
the gl ass substrate naybe damaged; for exanple, it naybe
16PRPPRGhenf§ the BRedesip Sid MaBidaSeo HIDREASSH I tRERAJedge of a
applied is large, there are possibilities of other
gPaSbIsemBtrhtE, ananBl B adp6sAHd 1GdyherdZ @hbadadd agkdhd @y ass
be generated in an unwanted direction in the plane
s t e refy e ghrafed ; Adisdxamibie , ARthay bt ppea O £Ia\Bazdds s,
chipping in a division plane or in an edge portion of
it lvasgl despsedmineabeiigapptiieyia ldirgesitherdCanel poesibifldnies
the glass substrate is divided into sections. In
ofiduilteéoprobaéms; fdrh ekhngleetahedack| bs hoxilzbatal scrack) may
generated in the scribing process. Further, in the case
botgenerated dnansupgantadedinestionyiar phe planetmeatipn oifl @ mlass
that the wheel tip is not able to foll ow unevenness 15
syukstratiengand gnchhe craskprancaure chipiagelnfa dhegision plane
supbstrate, and therefore it is inpossible to obtain an
ORpit &Fr pAFR RAXLAPRPE thgcRlass wPsstrtedaclydinga glixdgion
substrate. In order to solve, the aforenenti oned prohlens,

PiRe greiehed ]rar?\?egrﬂqsgﬁaﬁ? ﬁ%d@%i%%iﬁf@é%i@epﬁ be "ia\ﬁ’fitim .
! . ol !
i orth TR 061 80S Gt 12 GRS I U RaviRge

fficient depth in a glass substrate, w thout causing
p%?%#%%len1such as an edge of the glass substrate being

) POF i 47, S 33Uyl 1 BN TR R e

sol ve pr'o escr , prese

ah MR %ﬁbl@rpi/é RSt 2he GheRe tlibrﬁ?s HOE b8 t8RARANBYhevenness
conprising: a

resulting fromthe "warp” at the surface of the substrate, and therefore

itis impossible 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 scribe
line forming method by which it is possible to generate a vertical
crack having a sufficient depth in a glass substrate, without causing
a 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
invention provides a scribe line forming apparatus comprising: a
vertical crack forming member that has a blade at a tip thereof and
is used for forming a vertical crack to be an origination point of

a scribe line by pressing the blade against a surface of a brittle
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vertical crack formng nenber that has a blade at a tip
thereof and is 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 neans f or applying
sk R ER thPacdsulrel: G iRpddteryedd heply tPRKadPEBY Rplying
menber in order to generate the vertical crack having a
apRedeperinmpred rdepthtatha vedesta®draeri foraAngindnberbin bibéer
substrate; a heating neans for formng 5 an area having a
td efgrei-atyr thd owaitithhnceackohienngga gatadietetmimel daptht be a
substrate; a cooling neans for cooling the brittle
desibsidaisd ti oadnsthedngjand ptsuvsveatai ameatsng meanafoafgrming
t he heating neans, the vertical crack form ng nenber,
an hereiarpaving g dempppaiirsy leowensthamd soli¢epbond iprginteafisthe
to be positioned so as to nove relative to the 10 brittle
byififshersiths tapter adisodiny medns fogrcosldng|tdedritilemvbgtrate:;
scribe line that is prearranged on the surface of the
am Errangenets Mpyerent mpane fem arranging fhe heghing|means. the
driving of the inpact force applyin neans. It is
VEREIGRBRAcH SOFBARS BARAT o Fe MRECRIFOTER AR g teas . 2
unit controls drivjing of the vertical crack form.n

the) A IRH RS TR, PArRRTIOOREVEAEHR troINYe SEE LAY fig the
ot SAME Al pRcadibriBeg 1he5oREE oty At phitve
LIl Rl fs rFedRiRied Un BHEIAAT00 SORHY bELLE S UapLERLE,;
o B A PR o

iously-forned scribe line, the control unit controls
the driving of the inpact force applying neans so as to

gener pf § gl Eﬁeﬂéﬁﬂlaa{o HadeKa Arraf gbhién P Wadeb &k NiHedontrol
depth in the brittle substrate.

unit controls driving of the vertical crack forming member and the

m

arrangement movement means so that the blade moves while being kept
in contact with the surface of the brittle substrate by a load which
doesnot 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 isalscpreferable 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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25 It is also preferable to have an arrangenent wherein
the heating neans includes a servo nechani smt hat
detects a change in a height of the surface of the
brittle substrate from up-and-down novenents of the
vertical crack formng nenber noving on the brittle

aﬁ&baiidfu%ttg alrd sﬁiﬁl@tcﬁf 3 1968l Rehniriahteds oo Maser

Irradiated froma | aser beamoscillator according to a

bE&R Wdcilflatbe &ALRUNGNtold debulteber el adiachayg. an
arrangenent wherein the cooling neans is arranged by the

ar r angeneNpreby iR tfBRe 88 @SrdneBNe wiereinatie ddding
in conjunction with up-and-down novenents of the verti cal

mé&ns ki sf arPamgedreRbehe tdialangemest abviehenb mddrlse s6uhs ticamtve
It is preferable to have an arrangenent wherein the

up aharPpaneiy compustdbh withnp-andraowvanbeagastd b thertertatbal
crack form ng nenber, and the heating nmeans, and the

crack ifitgmingnsetebéhpbsndéveanech ithe lBritidestsabstirateler
froma fore side of the planned scribe Iline, or arrange
t he héttispgefrenalkle tdbave aniarzhngenarik wheneindg hestrangenant
the cooling nmenmer to be positioned in the stated order
moyemanthaeany red thegeaxyfandes pharvesdisat iyradk ferming mgmber,
preferable to have an arrangenent wherein the arrangenent
ang thy deasingdeaaiisar ABAGERS (G9013RE NS EPabR POTHHieged in
menber, the_heating nmeans, and _the caooli ng neans sSQ as

the, YAted BTESF HRAL@ HOKS 1316ies Of EhadlABnel sAkLbmdingy o
RN TR e M YO MR T
R85BT BRSO S el St e
=P ROR TETERE Mgl RoPAEg B (et (1 Vo udes 8

It is preferable tohave an arrangement wherein the arrangement
movement means arranges the vertical crack 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 from which a cooling
medium is released.

The cooling means may include a 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 whé.el tip serving as the blade and rollably supports the
wheel tip.

The heatingmeans may be a laser beamoscillator that irradiates
a predetermined laser beam.

The impact force applyingmeansmaybe anarmature that generates
movement inertia for pressing the blade against the surface of the
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wheel tip. 25 The heating eans may be a | aser beam
oscillator that irradiates a predeterm ned |aser beam
The inpact force applyig neans maybe an armat ure that
generates novenent inertia for pressing the blade

agai nst the surface of the 5 brittle substrate by

b tieNgubst LAt Oty elesind W brsuppl é Bsbtiracaty SOhspldied to a
coil. The scribe line form ng apparatus may further

séyildseogbe of a laser displacenent gauge and a cont act
di spl acenent gauge for 5 detecting a change in a height
of t hehesuicicibeelife tfembndg tdgparatthstmagt eeurtherbeongdicse one
substrate nay be one of a glass substrate for a liquid

of ray $asér diisplagenivi genga aglidas scautiestr disp fagemanpl gsipe for
di splay panel, and a gl ass substrate for an organic EL

delfesyiiiag qeiragige nahkéghhopdbe syfrfane ofrtdwdmititdecanbisgnate.
provides a scribe line 10 form ng nmethod conprising the
st epsThsf brighie esubsikirage anayebei ekg ofr acklassoprbagraniber a
having a blade at a tip thereof nove on a brittle

Liqhi<t epstalgdianlay deyigey & g1ash S‘é‘?%?’cﬂéltﬁaﬁﬂlh@ pgasma display
predeterm ned depth at a desired posjtion_on a brittle

DAt Pﬁfieav\ﬂq‘?saﬁulbﬁﬁﬁﬁe ffarcan ab %&Lw@éﬁglf%ﬁanﬂ

appl i an abr ct force.to the blade;. 15 formn

26r bothes ggpds: o4 PAS brperct favoRTI LB Eiigge sgfibe fife
fl rr.adi at. o&oarea .t hat erg)er Ire | ower

it isip B ek A S LS T S vb EReR creck
f?ﬁﬂln%ﬁmelnﬂgr éﬁ[il‘%eg Ql[]adé %% Qr 't#.f) e%:lé%?.t ﬁl@%g or?%d brittle

|ng area 1 n rear rradlatlon ar ea.

S&st_lxtattes n%frfavcﬁlq%f% To- RS & ié@f/‘:gﬁ@?re\ﬁg@é dd'8epth

generat| step generafing t cra avi ng

%hf aé 29&& eﬂdair&gend&ptah bratrid %u@l,@&ate@ WAl bh Ofingiett BSrce

ritt esubstrate by the inpact force
applying means that applies an abrupt impact force to the blade;

forming a scribe line by forming, with the wvertical crack, an
irradiation area that has a temperature lower than a softening point
of the brittle subsitrate along a planned scribe 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 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 the bladeis positionedinthevicinity
of an edge of the brittle substrate and in the wvicinity of an
intersection position at which the blade intersects a
previouzly-formed scribe 1line.

Brief Description of the Drawings

Figure 1 is a side view that schematically shows a scribe line
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appl ying nmeans is performed when the blade is positioned
inthe vicinity of an edge of the brittle substrate and
in the vicinity of an 25 intersection position at which
the blade intersects a previously-formed scribe line.
Brief Description of the Drawings Figure 1 is a side view
fohaing clpparbtaaldoaccsiiang o sttid e rkt nembdiieniti; ng
apparatus according to the first enbodinment; Figure 2 is

a froRtguiew idhat fsalierhew dddaty s clivowest itdad 1gcshdye the meribe
form ng apparatus according to the first enbodi nent;
lEhguFaamiBg( appaxaidse peasrdiveyy dpetheveing evembbdiment ;
describing in 5 sequential order a nmethod of formng a
scri bBigunes géahdot hee ks aremerspegtive rviews tppdeacutbing in
according to the first enbodinent; Figure 4 is a side
SRR tiadt oxdare Adtedwd 9f feaming aserrbee linacifimontir) scribe
appar atus according to the second enbodinent; Figure 5
like forrdRe IPRAFANE aSEPRIRg &8l Fhe shbnet embodimes 10
line form ng apparatus according to the second

4ng

enbodifiivre f 8498 %W JFhgteFehpmaticadd¥cshows B sggibe
L% e hihgcabihabusnaceoriis b HEE Sadiiioy Sappaines 0

ronFuidhs B & ity Sl AT Feana il Sioys {8, Forive
L6 S ARLAEA AT EOC i 3o Do 'SR IRBCA R, B!

o sort fiese b Bolo &7 aE HersbBE R Pis ABPELIRAY in

seqWGHi a8 Nordir! B ftheheHE Solitd@ SEAMd19$ne 24 HEuﬁ Befibe
EVMBODI MENT Figure 1 is a side view that schematically

18OWorAif§ dpardati® according to the second embodiment; and

Figure 7 is a front view that schematically shows a scribe
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-T cross-sectional line in Figure 1.

The scribe line formingapparatus 1 includes, asshowninFigures
1 and 2, a table 101 used for horizontally fixing a brittle material

substrate S 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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form ng apparatus 1 according to a first enbodi nent.

Figure 2 is a front view of the scribe line formng
apparatus 1 viewed fromthe 1-1 cross-sectional line in
Figure 1. 25 The scribe line form ng apparatus 1

i ncludes, as shown in Figures 1 and 2, a table 101 used
specifiordaldgntaadubstirake hgvindailbt fesied eal bdd amotisdr sutestSate.
on which scribe lines are to be formed. Here, the brittle
Sphterdatds thds magtte Bade o §loreth i petdrmelqr eeritordiemstpr ptafers
is, more 7 specifically, a substrate having a |arge size
o dileediike poemaquenbiatly divideddntatsesttihns ofaprédeteanrdned

a ceram c, sem conductor wafers or the |like are
5@@118%?#5#? VO %lV@é'éreltﬁth YEes$i olB Q)ﬁléﬁéftﬁéltleiﬂi pa&gthe side

mal | er sizes for_a variety of uses. a side wall 102
°5nﬂ%eh§a§?‘%lem§ Bred v EHFLIG Bhe o WG e f e PHestrate S,
terlal substrate S, ~a gquide rail 103 extending

%‘%‘ SR 109 eeiteneln%wéhml}rgﬂlﬁ Q.- rextenging eemzéoﬁctﬂen
vaﬁ#h;‘%pﬁhq hifas v Ho g b e o s eori g b denfssend ot
2 B Raratydna L i Esrlﬂiégﬁlbﬁ%r =gt 7Y <eppecrsd
g ch e AU AL B b r%%é@fl@f%*im%%fe Rk i
apPhitud hd £t %Héj:%%l@t th @lﬁehghhgpéa ﬁrﬁ.ﬁegr ions, in

apparatus 1 e servo notor e Si e opposite

abSordi®icetVrl Ml MeoRRAIALWE dd wBiER, t1fe GRLAL IIcHilSE]@:E lex3ends.

that projects 15 horizontally for a predeterm ned

di st apcearviRotot &t H8Npsiaided3at StHObRhEH i ol {1V BrhVing
the servo notor 2. A supporting franme 4 that rotates

appdregiual 1y. Wihle &bevd @iodbirop gl bn3the g1devh Ble tBethe
tip of the rotation shaft 3. The supporting frane 4

apddiaghespparadtioe riat agidy) sharbtdtidn ehfthezsehd® PRboecEs

has, as shown in Figure 1, a frame body 4a being
horizontally for a predetermined distance. The rotation shaft 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 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 cone 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 such a manner that the end having
the projection part 4b is positioned to the fore in terms of the
direction of the movement along the guide rail 102 (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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a flat plate and a projection part 4b projecting upward
to a predeterm ned height fromone end of the frane body
4a, so that the supporting frame 4 is substantially
L-shaped in a side view The supporting frame 4 is
di sposed in such a manner that the end having 25 the
proj ectgleaspaititedbsi 5s pasiathedeth tthet bewdocariEace emearothe
the direction of the novenent along the guide rail 103
rddr endf o€ tied frame dedef 44 o€ thawupgyrainy Ehate tdhe Thepgilass
end of the projection part 4b is attached to the
cuttteat Somnshalds 3 whet¢hetigebaomate ovf 2 mMdtarjhhIsavimgt enpsr
is attached to the | ower surface, near the rear end, of
hatdnessasecth a¢y supenfharideme tipbh @lilioyy $inkared d¥amongd.aor the
cutter 5 includes a wheel tip 5a nade of a materi al
1ikasi mgdsapeelderabintkat hsdidsasheuykeelhddp hatwetatiabdy .
sintered dianond, or the 5 [ike, and a holder 5b that
hol dSi15e W EPPET PIEa0F dihgt Bdlder Skjifcattachedhperthandowrr
the holder 5b is attached to _the |ower, surface of the

SYrEace BBdShe ETEe PRAYs ABpBF (iR SHPRAELING EREMg) 4sdhe glass
ot Attt ey el %“%@;?péﬁ%w%ggggg;, 10 LA e B
EARC A e, R rboe, 48 4 hekva Fg%éslg%?e aPacH RN
P b, BAE oS \ESCR BRosScl Sl A0 Yo L WY 1abfbst

d:gﬁrlnét% c t@ﬂ#é’ pat COP LRt gﬂééf i3s3 U, ?8&1%951?11{‘&1% by

tt eri substrate even en t

tie hB &eP'S%CﬁQvﬁ{ anpcsb%&mgnaé%hteobmﬁn a Hed Lneah @fpa@g is

on the brittle materl stibstrate S. Wien the wheel tip

cotis t'aﬁtﬁ!?eiﬁ edoREith S-I:.thh eheUhipggcofof NEND M @ cMRROEFEA1
substrate S by an inpact force larger than a

si¥Rdater ydied hiemtltheb@hidr) appl s£ds hbe praeeld a4t & pasition

makes a vertical crack in the brittle nmaterial substrate
tdmake a vertical crack on the brittle material substrate S. When

the wheel tip 5a is pressed against the surface of the brittlematerial
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.

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
drawin—g) havihg a downward energizing force is attached around the
armature 6 so 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 voltage is
applied thereto. When a voltage is applied, the upward
electro-magnetic power of the solenoid coil 6a is balanced with the
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20 On the upper surface of the frane body 4a of the
supporting frame 4, in the vicinity of the glass cutter
5, an armature 6 that is an inpact applying neans is
provided. A spring (not shown in the draw ng) having a
downward energi zing force is attached around the

ABVARARH @nBrgPzitpleckbe &f rEHeUéErﬁnc_i] s enat anld wrpRenBL ZPd s

downward. 25 Provided inside the arnmature 6 is a sol enoid

16Qi hothidrileak garel atwen @vblfiddd\gpll @M [ O-dTBENSIrG cPaWlent
when a predeterm ned voltage is applied thereto. Wen a

supblbgE) | 2oapihd e@pléheidipwaid &4 edlsr OstdEEHTEt | €h OWward
of the solenoid coil 6a is balanced with the 9 downward
etaetxp -nagnetdc pewet dihehe polanpisbed hbbatikel @ tnpamnd eanGinpgact
in a notionless state. Wien a voltage applied (i. e.
fereetis eppliieérito theppppead surbacd eofs dhenframe doldy6éa ity the
st opped, the upward el ectro-magnetic power of the
dewhwawsl gnebdlzigy ferdepef thensbrimd. nbaen &ifeptcehatsthe wheel
applied to the upper surface of the franme body 4a by the
téleﬁmf-dtlaﬁ] SLGrs| Pif-tregy Banaies Reveypriaad, crarkiAnethe murface
that the wheel tip 5a of the %I ass cutter 5 makes a

of erthiec Pritek matamiels Fybstdater §-he Hubseqeentdyerivdien a

strate S. Subsequently, when a predeterm ned vol tage
PF%‘?%\ ‘é?itﬁ‘ge &B 1¢d goadn, &%’d@‘i’%‘t‘q € %t‘&b\mgnetlc

ol ACLs H%T AEPAFEy SEFR R TP A HOPLE R Ao he GRS -
an exﬂ: gﬂ?ﬁi@ Qe n8£eé‘ E'h%e( ER tﬁv\% %P gmgg&ﬂr? rHCfTC aql%?:g)e'l.a[ngtion

configuration 1S provi an i npa

o e A o b P HE AT i
cttaESréé %5 1¢h aRPLLE dfra]ﬁ%""%%&w} | nd b2k g
of 2ot o L d b Engctin

onfiguration in

£ rathYy tﬁged&&mi\trﬁr @neﬁlﬂnﬁofaﬂzé yoﬂ“@:ha@ bﬁrﬂug, when the
notionl éss state by an upward energi zing force of the

vEDEAGRD stePST B@tngMapp1 ed OlHoMadeks 2PNId @@ckptaie WLRave 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 {(i. e. when
electric current is supplied) a downward electro-magnetic power acts
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
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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el ectric current is supplied) a downward el ectro-nagnetic
power acts 20 so that an inpact force is applied to the
frame body 4a. This latter nechanical configuration has
| ower electricity consunption because the electric
current applying period is shorter. On the rear end of
4aheff theresuppotetindarodmd e, SEpptiiddt NGHer adBlidg Bo£A@ iNGs
nozzle 7 for releasing a cooling nediumis attached 25
contegtrel ity 4 @oovlén§medEunosyurtse (WbernsHdwa inathe Hedyids) in
of the supporting frame 4 noves up and down due to
whhek enpasdetarmined coptliing metism db stdesid dine aSrefriderated
like, the cooling nozzle 7 is able to nove in
stahg unExpoples of thh eooping nedbvn tobearedeasedfrond hierenod ing
bod 10 4a of the supporting frane 4. Further, the
nggale fginekyde a7low-tenpgratuerl liiguidcowh ag FARiiing wahaT er
(not shown in the drawing) in which a predeterm ned
cegbinh ¢ lreBPtima éogfrs@rwnq’cuaer €23 isyshagedtitgiogen. or carbon
| es of the cooling nediumto be rel eased fromthe
d&a%sﬁ) S PFalped) by 7‘@ g&ign| - HiGHi& aitFeger ARG dychce
as coollq_ wat er cool.ing, al cohol ternperature
rasee%ﬁ'c < "5 Seddons Y GaRb oa Aehd8s JiR AL Gy Bon, or
g rlgg;lon of liquid nitrogen and dry ice
d%c 'Vely, as well as an inert gas such as helium or

ar 00Nop ¥he PAAPLYaL b ek, %mg BSedLY 2hl8Rhbetit a8 Ator

not o aser ean1osc |s prOV|

gl ié%i‘ ﬁédatfti%[teﬂfiré subs et %ﬁ&h&&t%}ée*ieﬁ ?rgrctrﬁ:%ethe

rittle nmater rou uni t

sﬁffaé& Q¥ cied Rt tR19 rn%%&%m ARl tpPags td Qﬂreﬁ%yﬂ henBeb rimit 4c
frame 4a of the supporting frame 4 and heats the

pPE¥Lded aitl haghSdeadrvti hBa L hss ik chaserfifamaiht r4R! 44 BE the

noted that, I1n the first enbodi nent, a heated spot is
sﬁppcmﬁn@nfi-éme sushacenatf hehes biHd bbgtimi efiiraldi s ués twidhetive

by the | aser beamoscillated by the | aser beam oscill ator
18sembeawer It should be noted that, in the first embodiment, a heated
spot is formed on the surface of the brittle material substrate S
by the laser beam oscillated by the laser beam oscillator 8; however,
it is acceptable to use another heating source that generates infrared
rays or ultraviolet rays besides laser beams, as long as it is 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 in which a laser beam is irradiated from the laser beamoscillator
8., a contact area in which the wheel tip 5a of the glass cutter 5
contacts the brittle material substrate S, and a cooling area which
is cooled by the cooling medium released from the cooling nozzle
7 are positioned being ‘adjacent to one another and in the stated

11



10

15

20

25

it is acceptable to use another heating source that
generates infrared rays or ultraviolet rays besides

| aser beans, as long as it is possible 20 to heat the
brittle material substrate S in spots. The | aser beam
oscillator 8, the glass cutter 5, and the cooling nozzle
oderendn ahedbabovle akecatahngéctateéh®. stated order in the
direction of the novenent along the guide rail 103. An

i rradPmatihenuppersiide ofiitdie seresarotiveraln i contadl atpgshratus
fromthe | aser beamoscillator 25 8, a contact area in
Iwhiscprovidethehal igerBxodfs tthe draving uef ethé atorpamestdoned
the brittle material substrate S, and a cooling area
comslektuend ebdenentshypucheas ddie digiviny (aRnaaagusetll / rtdhe dpser
cooling nozzle 7 are positioned being adjacent to one
bead oL LAREPT § -t Hhe spating nﬂ?izb‘i* der thiel B « t The control
mat erial substrate S. On th p side of the serve
appRGHtYs 9 &n%‘h‘{i"i’%ﬁn &EPpafAsE G‘é‘at 9{‘)-’1@‘35? Meo@éﬂlﬁ'&?m%%taf“&@t

S e B 4 e

Bttt toéfsfslajr*iqh gt i |E3%§Z'£ﬁ %%Q%Pte{qﬁﬁ'%ﬁ% o e
né el 82~ e TERNS) 4L oS ETERLpE0 03 St HiRng srom
AU NGl 1 5 AL, BTGl S

movenen Frare ong t e gu

1h 3! dp hal-Gewh Movehen s o fisk dRB&L Q:EHSSEJ- beHh gié& cutter

detect's the displacenent anount i n the up-and-

5 FRY e IBNInSc it ddtarivihatle durdFaRR o thdera tasmAWrial substhate

is in contact with the surf ace of the brittle materi al
S P08 Fetitd ngSt Y dilehBAddma t b tHe 3RtAEeOR ha®k 3 BE the servo
rotation shaft 3 of the servo notor 2. 15 To be nore
mepgeciX.i c, the wheel tip 5a of the glass cutter 5
provided in order to generate a vertical crack being an
ori gi Matheomore specific, the wheel tip 5a 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 substrate S even when the wheel tip 5a is not placed
at aposition tomake avertical crackon thebrittlematerial 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 material 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 frame body 4b of the supporting
frame 4 generate rotating movements of the rotation shaft 3 of the
servomotor 2. Theencoder includedinthe control apparatus 9detects
the up-and-down movements of the wheel tip 5a by detecting the rotation
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poi nt of scribing is constantly in contact wwth the surf
ace of the brittle material substrate S even when the
wheel tip 5a is not placed at a position to nmake a
vertical crack on the brittle material substrate 20 S.
When the wheel tip 5a being in contact wwth the surface
mo¥enidict olfr the | ¥otrattieni ahafulss ofattie Ssambxe smotprand down
due to unevenness of the brittle material substrate S or
t he | The cohhieol mpperduly 94detaaftst, el tguppentsiengft tharmobder,
fixing the holder 5b al so noves up and down in
ugegINessi ol thiet furfaceypt aife: dohhthewartenisl gfubslizahd e lfrom
tip 25 5a. The up-and-down novenents of the frame body 4b
dbsplanementpyreunig off thgrwheedehty diae r Thertfiosglnpyinte fosmarg
the rotation shaft 3 of the servonotor2. The encoder
P?%‘Ptﬁﬂ’eef i3 lEReT e drragiahes: fsom thet taser beaw oscillator
p- and- down novepents of the wheel tip 5a by detecting

8t h% adiugtiednbaged QR svshy 2ofletastion aﬁq%tshaime éa@prt heam

o notor 2. The control. apparatus 9 detects, with
%ﬁfeowgt B RASTAmeSS A By BRSO RELFch o8 $her SELUR mgertal

B e L B S
ob S8 g REATHLL AR Ed L1 B S pORARAREL) 88 hurPace

ge@,@ Jrrf ehd chg#psf%%v bLe, to?' %Iaeﬁ%y tnd i€ geptn

ritt materi a substrate 1S au

umcfaa kg, & Al %A1 BPYE Tkt Orhéﬂé%ﬁﬂp%ﬁ 6\?11% sgaxh *Lﬂapbh €the

tocal p0| nt 1s positionéd af the surface

whhl efigthli hiYa Ofhd PR1SEFARS OF thel1flerd bRERIEL €T m ned
dept h |nS|de of, "an irradi ated obj ect, depending on the

beam shapeuld e nd@&‘-‘{:ﬁi\@t hn @RIFiRer Brbs&imdriH, ht1d cbBRing
| aser beam It should be noted that, in the first

neied 7NEsStintdyeal el d0t@ach8@zed aché réat R bE tie Hramehpody
to the rear end of the frane body 15 4a of the

43 Wipthe | nppotraieg Frameas o0 asDie@ moveChinjasnjunotion twithhehe
up-and-down movements of the glass cutter 5 being in centact 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
wherein the height at which the cocling nozzle 7 is positioned is
adjusted according to the detection results by the encoder, like
in the case of the laser beam oscillator 8.

The following describes the operation of the scribe 1ine forming
apparatus according to the first embodiment, with reference to the
Figure 3(a) to 3(c).

As shown in Figure 3{a}, the brittle material substrate S on
which a scribe 1line is to be formed is fixed at a predetermined position
on the table 101, while the wheel tip 5a is positioned on the rear
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up- and- down novenents of the glass cutter 5 being in
contact with the surface of the brittle materi al
substrate S, so that the cooling nediumis released at a
constant height fromthe surface of the brittle naterial
substrate S; however, it is acceptable to have an

side asfyehental?l: Wodr.ei n t he hei ght at which the cooling
nozzle 7 is positioned is adjusted according to the
det eckilmrequestily s bhet drivingdeppataties 1h ahd thse cohtrol
the | aser beamoscillator 8. The foll ow ng describes the

apparatisof afe dhéver rSobshat def svpport ingppaares ystaocdudi hige
to the first enbodinent, with reference to the 25 Figure

wied tig 32c)theadasemhreamoseiliatoz( §)  anthéher ¢eeling nozzle
material substrate S on which a scribe line is to be

71 ¥ravad tpshed s meped E‘P‘é’ﬁé &hgi fiewe pdsi tthenledh ide chbtle
101, while the wheel 5a is, positioned on the rear. 13

£iguge ?Hetl}eaﬁr-léf&‘éﬂ O%‘}%e'a‘a’efrﬁlieyma?ﬁ’él%ﬂr iSpPfgrate S. In

tlaﬁ% Fiefuy Shpbht M hg;gr?tﬁ% aoﬁﬁ@’sﬁs@%‘éé‘ %a?:té‘%iﬁeﬁéln}%%i?ned
)

t wasﬁﬁhﬁﬁls'&t%ésagi Smr tﬁﬁ Fora fottmal dhsetbe s
t er

pltesd Pu Lt Lof iR LR 38 & ntrﬁﬁ aﬁéﬁﬁtﬁa&% sphERos

o R ot Bt s s&w%?e&%@%t s8bhfring, 24t 4

té @H&Sn e 1a§§tc1ih%rtert5hfs aePddia, aé’cpi‘ﬁé’{ Hﬁ e?:c%QEHrQ lp:%e&Qure

orque exerted by the servo notor he supporting

15 ﬁ@ﬁ&pﬁliééa%wams%e ls@e8asdlbt Bhe Eri@tlaa.trﬁét@ﬁ@l sﬁgsw@ée

an excessive pressure is not applied downward to
gsurface of the brittle material substrate S Vhen the
wheel tip 5a of the glass cutter 5 driven by the driving
When the wheel tip 5a of the glass cutter 5 driven by the driving

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
the surface of the brittle material substrate S 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 serveo motor 2. Accordingly, the encoder

included in the control apparatus 9 detects that the wheel tip 5Sa
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15 apparatus 11 has noved 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

of RdeVWIeRs diitte?o5 RAS ipriceBede@lipDrtRl €Y sotf&HY by theWifittle

than 20 the surface of the brittle material substrate S

mbBeeas subetegge s.of the brittle material substrate S,
the wheel tip 5a continues to proceed up onto the

sur f agleemfthishenboddrt Masmatesciadd thhst tlad avlidel Wip Eritof the
chi pping off the edge of the brittle material substrate
gBass ésttdisb Ireplrodegplesuphast prlecaacdzteqt i orittd esnatieadeal
of the brittle 25 material substrate S, the glass cutter
sabsittedeud, dig- donkrgipeppenatys Satuinishes€ the awdtdogevapplied
novenents are transferred to the rotation of the
te dihgt sohenofdfqoid @ inhdhesarmatunst &r 2s resudi nghe ammagure
encoder included in the control apparatus 9 detects that
6 mereFiicamwarg dug to an gmergdzingioree Ofcthsspatngand appéies
up, onto the surf ace of the brittle mnaterial_ substrate
ag IMpReh #weeﬁeofa)@rum%r Fortece @t Fae frpBeird 42: p Bsgapse
l.ass ¢ ceede o the surf ace_of
of it ifipret harce: Belh @BE&? rihedhngol Sl Baopt e G185
ty s, 9 turns .off t | tage a sol noL
S0P BLbfiny R St 6 e SURRPbE he St D etagial
o f ot ri.n
s‘E@é/d@]:ﬁap%I ens’d #smaig%tugf@ J'i'[ca)e totzci he uopE:Jf;i‘rg edge rfacgﬁ% gace
hi g
°£a Eg eggg%/%lﬁé‘tv%ﬁ%& | pt gﬁ:eF dn%gﬁgnﬁlg‘;cu?g &Prgl% lﬂlére
C t E%;E e \
3tg£s?&?€glgg§p%r%ée}§€ﬁ&gbruggﬁll-%rdp?;cc %%Jg:dil t#aﬂo (eadolhn

thd@i¥hbaces 1ok BPPEtiEZ[é tbk8r IR Qb ratdsd .\ abgbsequently, a
Consequently, as shown in Figure 3(b), a verti c?ucrac
vdltayd NG dagiiladat afor fies senindias doAnmsd idyain so that an
electro-magnetic power to push up the armature 6 is generated. The
dovnward 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.

Afterthe vertical crack T tobe anoriginationpoint of scribing
is formed at the edge of the brittle material substrate S by the
wheel tip S5a 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
and so that a small lead that allows the wheel tip 5a to remain in
contactwiththe surface of thebrittlematerial substrateSisexerted.

Since the glass cutter 5 includes the wheel tip 5a that rolls
and moves while being in contact with the surface of the brittle
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the surface of the brittle material substrate S.
Subsequently, a 15 voltage is applied to the solenoid
coil 6a again so that an electro-nagnetic power to push
up the armature 6 is generated. The downward energi zi ng
force of the spring is balanced with the
metecialo-subgheate Povedrerpudie raprfpear df tbet battillee material
armature 6 stays notionless being positioned at a
spbhsidetter K nesl Unevghties20 14Af warpedie orethe clalkecr ok wheed bep
an origination point of scribing is formed at the edge
S5af behrg bin t contandt eviithl thebdbritte Snateniad subssrate pSShas
of the glass cutter 5, the control apparatus 9 controls
uptnd@oys mREImentse t it gopiergvan | Witk éheugip-Badreewm
a scribe linein the surf ace of the brittle material
mIyARANtEt £ sthe "ﬂ}ﬁelaﬁibpi ¥y SheaFHPROF NGt fRadeyt (Withqyhich
t hat _al | ows the whe lltquatorerminin contact with

tht,dolger %’?:ésofi’ETfe Bt %uﬁé%ﬁiT%“”’s}Hﬁg?‘F%ﬁtf S e to the
. Si )

u%aaqdfq%ewpdw'rvé‘e‘?%ﬁ% RNERS SHPPEE NG SERE dortoa FOGREIPR ARaLE

3B Rene ielemh bet et 2{?5‘}%{?83??2%@%%96r 1581438

1 SRECEOTERN, BRRIFLREL o floadh, uhdPuprtelf, EE5 b BB g1 ke

of She 138005 GRUVLTRY CHBNL otk sCAP] ARk O ldh L ational

up- an nmovenents o

mm&::' &Q tiléax.r@ca‘h% tdhathpi £ s e sbelé ﬁlBtéP 2.5 fi&edntrol

al so has up-and-down novenents. Due to the up-and-down

apeweiRiRt 9 aljhbes StRPFddald pbi AfEpdsitivh 03 dheONasBAf beam
3 of the servo notor 2 has rotational novenents. The

oSEIQGR b 1BhYE@ dn ireviehfe 88 Niwadbs appd BidIS 1ke ¢t B6d Brittle
unevenness, warps, and the like 10 of the brittle

mamdEailabussisdtteaSetimt hagdebeett i duettiell pttdiel andbder. As a
novenents of the rotation shaft 3 of the servo notor 2.
rddhdtcoatenlif appdrdtuie naedpial ssubstrhvesd hpsi wrievenness o
of the | aser beam
the like, a laser beam is irradiated with a focal point at a position
on the surface of, or 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
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 surface of thebrittlematerial
substrate S. The cooling nozzle 7 is positioned so that the distance
between the end of the cooling nozzle 7 and the brittle material
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 always be able to supply a coolingmedium properly.

Subsequently, asshowninFigure 3(c), the laserbeamoscillator
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oscillator 8 based on unevenness, warps, and the |ike of
the brittle mterial 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 |aser
beamis irradiated wwth a focal point at a position on

81 hehs whele tdfp, 5ar, ahd atips ecteilemn nedzille pt headls intereofin the
the brittle material substrate S. Since the cooling
Predetarminkdr dsupptidnsg oa theosurfpcee difurbhes brintelyr aldherial
attached to the rear end of the frame 20 body 4b of the
sulppiyarte figbeingdriven by tdwofir inginwapparatusolesnd fhe o trol
down in conjunction with the up-and-down novenents of the
appaeitug Pp Ha this| I3thvgtieam emdihenfess sifde lof the fsaaandng
the brittle material substrate S. The cooling nozzle 7
dige¢loanti hegustenaf thrduhiddefiatenial bt trage dhis dpated
the cooling nozzle 7 and the brittle material 25
bEBsiife oo iFzpdizisit ibihtthetdgserohesm es¢iddagert | g0 a

material sub trgté_ls has unevenness or. the like, the
[

LRI R0y M © FUET RO MRESSTOL Iy - Al hFRepevoRsise to
| | i . .Sub tly,

a Fos R ef iR M e aBbR0E dnaRU e o A o FRemie,

. Lp: 5a,_and i Le,Z each |

o AT nad P ey BT I T Bl BT phali*ly {HREsaRea,

08 | drlrRcdBE £(h! £a1 Q) L e ob i
e eBolR LT brotii hakEr Py WRI-GEL U0 SOlod i without
béive med1tdat i on, on the fore side of the scanning 5
direction, the surface of the brittle material substrate

S is heatird-, BY thel A6&F shaanid thadiilied thYos RBe! ASAG1RE RGN
oscillator 8 to a tenperature at which the surface does

aled L 6 the 1aBe pbB&f olhE Surfdce 6f tRIPEL 6 18 BatdiRN subglrate
the glass softening point. As a result, in the

S| ra @dbaihgmeariem isirelehibeld fivm thsecodbiarg nszils adisat edat
10 the surface of the brittle material substrate Sis
a hestlddgwatdo @t isbprowjided.t ebh 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
heatingby the laserbeam. Inthe coolingareaContowhichthe cooling
medium is released, a tensile stress is generated due to the cooling
of the glass 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 S along a planned
scribe line, starting from the origination point being the vertical
crack T formed at the edge of the brittle material substrate S5 and
keeping the depth of the vertical crack T. In thismanner, as aresult
of the laser beam oscillator 8 and the cooling nozzle 7 being scanned
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Further, on the rear side in the vicinity of the
irradiation area L of the | aser beamon the surface of
the brittle material substrate S, a cooling nmediumis
rel eased fromthe cooling nozzle 7 so that 15 a cooling
area Cis provided. In the |aser beamirradi ation area L
sequertidbly dnapieddtermihed dbsertibaam sorite 19nekasetefding
the brittle material substrate S, a conpressive stress
alongethe scadniing dioadidonhane iftgmeyd.t he | aser beam In
the cooling area C onto which the cooling nmediumis
r el ea¥ben agardbeiliaests Eemngdss tprtdngtfathmiareot tgirdetion point
cooling 20 of the glass surface by the cooling nedi um
bsipg dhenrerbizal erack &k formed danshatweeethp Fljodictint glass
the conpressive stress generated in the |aser beam
CPEteRiafitohbeedge of gtha brdstie mmterdadcethstusdenBersing a
%hese ar ggs due to the stress in each area. Thus, a
SUEPTT GHRALFRE CqUETHRI BAIMFEANERS 1aSRE bran trsagiatiomarea
LSUbSBﬁ? e Sﬁalon a Q{anned 25 scrihe line, starting from
CHe BT AT BORRLLDAERGAERLSY and Bhe Caalieg FredGrento
e f the brittle materjal substrate S, and
oo 16 BPREn g meltlBn L4 e aBBH 0 et R 4 B 1 PA LY that a
My e t.._ ot the.laser beamoscillagtor 8 and,
St Ee co%}ﬁg&r%zi;% 9ebglo%lﬁe%cgﬁ?1sescfmgl'fwse§q uaé}ﬂqi If’ﬁlﬁ%mg
{ RESAE! 85 ) s6lir ' , sSCEd l_i xt endi,n | Qn
1L SRR b £ S0F, SRS Bas i 88 i, £ B fre

3{ @) Metle I 1bleNBild St Ak tRhaghgald Q e'qi&%!c@&gnbc%' Egﬁéelt%ct the

vertical crack T fornmed by thé e tip Sa of ass

s&ariiiinger dfreditibhe 18dog1dadyherdimiedat | 5o thRlesl | Ble SYRSLSL abEam

S, using a stress gradient occurring between the [aser

ibesindtibadirehiIndn@ERE cobliny #hé£8, dekatss th8aWrkss gradient
irradiated and the cooling area C onto which a cooling

isrecliturofifs atehephatk whsgteths Intaseichihgtyoitivd 1aneSSLd bes
line may not be formed crossing over another existing 10
positteionedt | My sepe weth ithés $rCblem, bheoranty bR, sésSi e D
fcl)rr:nilixlgg:pr’;aratus 1 of the present embodiment, the encoder included
in the control apparatus 9 detects a distance of the movement of
the supporting frame 4 being driven by the driving apparatus 11 along
the guide rail 103. Since the control apparatus 9 stores in a memory
the positionat which the intersecting scribe line SLC has 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 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 electric transient delay due to an inductance component of the

solenoid coil éa and a period of delay due to mechanical inertia
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3(d), the scribe line SLC extending in a direction to
intersect the scanning direction is already forned
between the | aser beam irradiation area L and the
cooling area C, because the stress gradient is cut off
at a place where the intersecting scribe line SLCis 15
f@Oshé meReden d of adrevividintipba oy pi¥ ety aameaicticnihed hbeght
scribe line formng apparatus 1 of the present
derduidiymabbyet hibe einosgevedtnohugedition thie ddntirsolpossible to
apparatus 9 detects a distance of the novenent of the
calppartei tige fsummef 4thse peyidds vigronbglederidy ipropgrip perlaegsof
11 along the guide rail 103. Since the control apparatus
tie spbt edhe wlachehecyreent Nalpediothonpptiath(sreghéred torque
I ntersecting scribe line SLC has been forned,
valuaddi and thepepverenthspepd«if the wheeds timdayradativg ter the
arrives at a position beyond the |ntersect|n .scribe
S‘F"P-ﬁéfaSEC DedeyvBrtinse Vadppsi e |°§Fr°1(‘%¢1€,f@f Afct mapner and
supply) to the solenoid coil 6a in the armature 6 is

. s§Loned %ltP&gEmP%rQ]uraﬁBGrBWS Ehff’ shater Apnrgpeiate
d@a@esé‘%f?f? Falf Banpd <380 Hoo i, Rotale, b it it pery
tnt_nlgeea%um cr:l. %%rn%gfh% gf eI fc%g]z.[ jtﬁ%t F:g#%? %gtgg.?fi%gigﬁgtsred
wﬁ&H'ﬂﬂé 9ie§¥%ﬁ?ﬁt%h§%#5% %@nkﬁélséié Hdacoiﬁdéﬁ(yé Egggped

novenen ato I‘ISG O a pre erm ne

o481 gh! Py di rp%‘i‘ﬁ.l)? @Jk‘i‘é%pbﬁﬁihé‘tt‘%f ie& 180 Ja@sbh! Ohearhhtice

p033|beto cul ate"the sum of eperlodsfrom
6 MbGES WbknPAPELe !fo\t@e%ﬁfizihﬁ%ofreé'of tHessk &h& applies
current value to be appliéd (a required torque val ue),

afpd e drReatte iR G R FabB @ FWRRRpbbPt DRy £ 4 Ve BEBause

the substrate. Delay period values are calculated in

of h$s TRPAEE fafde baffigRipPl13tal @fl dbtupltel ngRidtr fdrapnabapplited
9 so that an appropriate delay period value can be read

td rthe édue sfotlagauaface arfd thedikitmleryatdriny aubetyater Shand
condition is set or the scribe condition is altered.

to the vicinity of the intersection position 2 shown in Figure 3(e);

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

originationpoint for the scribe line formation is formedat aposition

beyond the intersecting scribe line SLC provided on the surface of

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
is possible to form the scribe line SL continued from a vertical
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 surface
of the brittle material substrate S with an impact force from the
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10 When the electricity supplied to the solenoid coil 6a
is stopped earlier by a period corresponding to a del ay
period, the armature 6 noves downward due to the
energi zing force of the spring and applies an inpact
force to the upper surface of the supporting frame 4.
aBertairecs pabvidéedabopathe fgoase digiteg Bppsimet awababptippact
i npact force is applied 15 to the edge of the surf ace of
forvee Hisi appEiathioaliyato suldssindéd fBsddonton tthe wiucfaid wfothe
the intersection position Z shown in Figure 3 (e) ;
brirlehjateniedtsuwmtretask it happagikleotegenerataetedepthcal
to be an origination point for the scribe line formation
crack Dhavthae suf fosientoiepthdyodiidectiasuhdeaterigtosechions
| ine SLC provided on the surface of 20 the brittle
with éigh| agemagate S. Wth this arrangement, even if a
scribe line SLCis forned so as to extend in a direction
t o i nfRf siEmacth£05e fifioNy ther aEtatore &ntay P elimitedeto an

pat h not her scribe line SL to be fornmed, it is
rebiele L5t 6, A 1N o FPHBRTFhCLeS A RARSERA PEPBHIed bY 2

S 0 A L i A58 08,
e g é%?%#%éiﬁeef?%i%e&;é%%ﬁ%aﬁwplﬁ'a%ﬂté‘%y}%?#%ﬁ?a@e-
fromﬂl-na% a.{ll aré%t f'&ece i Vt' ggglfg@ aegl ass CUt the

5. Since an —aprupt npac 'S app

gBRY Lo 'ﬂéﬁ%xﬂ@ 4 Q@r%l?iﬁf%ﬁe?étﬂl‘?wh?%ege&ﬁ ! ﬁ&h@éct

SUbSt rate S, I'S POSSI o generate t ver

widtagke Tubenis gafauwﬁfsmﬁlha@@ﬂa LQoghirHddes Rmhsev balhatsa

into sections 5 with high accuracy. The i npact force

minianinidRe 1 BE PRbYEerd; PRrderk] Ttliahdsaidie tS’Hﬂe@Qﬁ‘f zénippmg
little strength conpared to a pressure provided

arDi4e rm;lﬁahaa mlalyf bé R@usad dt0vRE IdiyeapP ahat yﬁutﬁ@ﬁatéhal
IS possible

substrate S when the wheel tip 5a of the glass cutter 5 proceeds

e

M

up onto the 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 S, so that a scribe line can be formed in the

surface of, or inside of, the substrate with high accuracy.
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to make the scribe line form ng apparatus sinple and
conpact in size. 10 Wien an inpact force is not applied
fromthe armature 6, the glass cutter 5 perfornms a

scri bing operation while being in contact wth the
surface of the brittle material substrate Swth a

requi Fegthedmiremaseer biecadr @gggkél,‘ beliagefra;iginaison point
possi bl e to prevent chippin and the |like that nmay be
ofatEFike lire dggEomred E’a Bhe tiheelnhiehaaPt 18hes gBass aput ter

when the wheel tip 5a of the glass cutter 5 proceeds up
orﬂfisi £he VEFELT1boRackd BF UEds thoap%tend plpnheplanped iradie

t E grgrof the glass cutter 5 bei n% n contact wth the
f eMBINT (S PRETIH e SHRRLR iof) theduitdde matesded %}bb%%lte

PS5 SRR B IRUELIFR b
e I N S N A
A DA AT R ) iy oo
SR Sl 5 S W B v

ikagsery RRRM ifallleePehhy i Al Ai&d Rkrd m%n ﬁ@l?ﬂal d®hod

surface of, or at a predeterm ned depth insi

wmthtaltgadgatj.grﬁsﬂd substrate S, so that a scribe line can
be forned in the surface of, or inside of, the substrate

W th thghcanredl adppard@uEug td%ﬂtﬂ‘@!l.@ the u@iﬁi@bfcfﬁé? lariving
being an origination point of a scribe line is forned by

apparatheell 56 rhad the whee lglizssa movéewhibe baigy k8t YRdongatt
crack T is urged to extend along a planned scribe Iine,

whih ndensuofadehef nelle biriathe clublsheabe ity belosd ghiah does not
substrate 5 S, based on a tenperature gradi ent that

aptew r@ebvhe@brtitphéah’e&atdarggemtmdn sarifacer [Wham tinel wheel tip
cooling with a cooling nediumon the brittle materi al

53 uiiss peat bl amedThy dhecyil ¢lari tiysof) @ncedge 9Lothe by tble maferial

smal |
substrate S or in the vicinity of the intersection position Z of

ascribe line SLC that has previouslybeen formed, the control apparatus
9 controls the driving of the armature 6 so that a vertical crack
having a predetermined depth is generated in the brittle substrate;
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
a 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
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anount near the origination point, and the anmount of

cull et generated is very nuch smaller than in the case
where a conventional nmethod 10 with a blade is used. The
control apparatus 9 controls the driving of the driving
apparatus 11 so that the wheel tip 5a noves whil e being
tiee pirawiing priimot thed ¢dntiriod appdtmisof $hetHat at Leser beam is
substrate by a | oad which does not allow the wheel tip
iBeadigtédnay aheheeasfidecof \Whenposict inimest whighl Shéavtieel tip
positioned in the vicinity of an edge of the brittle
Sarefditicaglasapytient 8 18 r contaglewitl ithetsprdacems the brittle
i ntersection position Z of a scribe line SIC that has
mpkerdadusHhstead® for med, the control apparatus 9 controls
the driving of the armature 6 so that a vertical_ crack

havi nelREDH?P B EPRA HBHE ad'-éﬁ?ﬁ are hensann ag thesed Hre eeribe
trate; 20 therefore, is possible to forma scribe
15 EoBE T BRPHAN ot CEPUEILnS ToEDSEARRD WHSGANERT- PEbRT Lo
4 ] d h h [ h be |
ezr%f.aﬂa%@%'ap%#;?ﬁst PEteEoraing to Lhe second embodi ment.
Fi f 1.NQ .
appar o e Bcfg ey siPh i SaBalgtiad Eﬁslﬂe@&?w i
' t
thd 2= ?L%ea?" ot iEIE: Y LAE CRThIThARAR % srrangea

in 'tq%h gté‘@é(fr Sfrgm lthét :g:{er lion & C]:\ﬂedﬁgvéf?erﬂs Egﬁlﬁwmg

prolong toward the rear erlght side 1n

£ 3 BE)raflih 0183 heAé@cS.‘Ed:LQng@fp p@b@hk@ctg ai‘@at Nothach a3 wheel
beamis irradiated on the rear side of the position at

tip e Bee WHBSE dutRer FcOhtddt® thabeittld aatérisl isibstrate
contact with the surf ace of the brittle mteri al

S sésirrdd abioh aYieacen GiHieh & Qabkef Weaid 069 rabdihbed Faoh dse
those of the scribe Iline form ng apparatus 1 according
liaser beahioswtildabexligreahd aebalisgl area which is cooled by the
cooling medium released from the cooling nozzle 7 are positioned
being adjacent to one another on the brittle material substrate S.

Inthescribe line formingapparatusl’ of the secondembodiment,
the encoder included in the control apparatus 9 detects theup-and-down
movements of the wheel tip 5a of the glass 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 according 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 1 according to the first embodiment
describedabove. SinceFiguresé(a)to6(e)areprovidedforreference
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expl anation will be omtted. In the scribe line form ng
apparatus 1', the wheel tip 5a, the |aser beam
oscillator 8, and the cooling nozzle 7 are arranged 10
in the stated order along the direction of the novenent
followi ng the guide rail 103. Accordingly, a contact area
to nildhisdtirathethh egleratipn Sef dhet herghaskineutfoeminy appazetss
the brittle material substrate S, an irradiation area in
Lwsifc ihe depond ehpdimenty rdatiadied ¢xmdmnabaon |widdr bgearitted.
oscillator 8, and a cooling area which is cooled by the
15 cobts Ag-HeRiiline foraise appPagalund 'coblthaFarond embpdiment
osi tioned being adjacent to one another on the brittle
g‘%ﬁ‘@ﬁeél a§l?5§t'LP é’rS~Ck T Ant Hhe surfaee (ofnkhe drithie material
ar atu of the second enbodi nent, the encoder
S‘I%g‘tp"r‘if&éd WrtPh%“ wHF?BIf°5EB£%§h© HEPERFS & REOVided above
tip.5a of the gl ass

el AaEsE e ket B it f 4G | ?Lﬁ'ga% “sifeact 4 et gnty
f S
bl il st b
i B AR B T
d%ﬂ £6 aPvide 8 léﬁ{)?gr%?é:scr | %gcffoﬁﬁg tl‘gﬁlgﬁ LEQh-L iiﬁen

he oper atiron o Iné 1rormngyg appara us

amGigRagk NBordd 15§06 Hppide8BAM BBt ahmaiiRsbantialkel hEi.p

same as the operation of the scribe I'ine fofm ng

SRRFALIM U ads aaed HEelcRivES dr1ySh 19ERedi sEDthat easl%wée@he
above. Since Figures 6 (a) to 6 (e) are provided f

wheafler@pCha t&2 rb@ain linstoat&ct A tApEhaideFack 6@&11%Cbtb9t1e
line form ng apparatus |' of the second enbodi nent,

maledrdiall egulesdpdateas | i wol erlsraval &t ptbdeteemifed kedibaeline;
form ng apparatus |' of the second enbodi nent generates
thereforecalt ¢sgelssibile tichpraveritachippindantirilie | tkewheatindy
5 substrate Swith an inpact force fromthe armature 6
bgcause@mtafbeecedge 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
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. The focal point position of the laser
beam oscillator 8 is adjustéd so as to be in accordance with the
unevenness of the brittlematerial substrate S, based on the detection
results of the encoder; therefore, even if the brittle material
substrate S has unevenness or the like, a laser beam is properly

irradiated at a position on the surface of, or at a predetermined
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the glass cutter 5. Since an abrupt inpact force is
applied only to a desired position on the surface of the
brittle material substrate S, it is possible to generate
the vertical crack T having a sufficient depth to divide
the substrate into sections with high accuracy. Wen 10
depth dpatde fodr, cthée driotlapmalteedal reubsthaetaSyasarthab, a isheibe
wheel tip 5a of the glass cutter 5 receives only a |ight
limadarhbe abtmed wikk higleelcdurpcPa to remain in contact
with the surface of the brittle material substrate S and
THE TJHiROr BMBORIMENIHet er mi ned scribe line; therefore, it

is possible to prevent chipping and the |ike that may 15
be cabitgerel ishe sddgeiew that sehendtdcadlyshawsubsriba dise
when the wheel tip 5a of the glass cutter 5 proceeds up
fouag RePpEAtYS d nacerTrding dghdheatlisl embpdiment ¢ he

wheel _tip 5a of the glass cutter 5 being in contact wth
the stifidhee t&ﬁr@h%“tlﬂ%i{“?%- et éhealodem Surdeee Pidhes fhpme

and , 20 _down in accordance with unevenness or the |ike of
boR% 48,PF FDE SYPRGRE LG LEANE fintd AaPOSHLOR 5b 48, TorR) OFEhe

SR SE e o8 b eSS peebes,
2. .The f [ it f the .l .
e R e R
i 2 Ltt i
SRS 2N B d b (i TRLSLO, SR B

oAk Sons V&R, |fnd ng’ngraﬁ%t{t?oé@to%r kAL sSH {13":1% Pobitng

unevenness or aser beamis proper

aﬁgiﬁ%@tﬁacesr@g?aﬁbtﬂn@%ﬂ@tt Sfocitindeate dftai®ba anation

pr edet er m ned depth inside of, the brittle nmaterial
wBUb Ye afnet&edso that a scribe line can be forned with
hi gh accuracy. THE THI RD EMBODI MENT Figure 7 is a side

vi ew Ahwd, shBespEratabhYyofs kBeSsEritRy 1bke Ifoiming apparatus 1"
of the third embodiment is substantially the same as the operation
of the scribe line formingapparatus 1 accordingtothe firstembodiment
described above, except that unevenness in the surface of the brittie
material substrate S is detectedwith the use of the laser displacement
gauge 10; therefore, detailed explanation will be omitted.

The scribe line forming apparatus 17 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 adesired position on the surface of the brittle material substrate
S5, it is possible to generate the vertical crack T having a sufficient
depth to divide the substrate into sections with high accuracy. Wwhen
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
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5 form ng apparatus 10 according to the third enbodi nent.
In the third enbodi nent, on the | ower surface of the
frame body 4a of the supporting frame 4, at a position
to the fore of the glass cutter 5 a l|laser displacenent
gauge 10 is provided that detects, by irradiation of a
vheslke tipesa teivemgds im cohéadt iviithe that snfface] Of sthiss trdtEle
S, such as unevenness, warps, and the |ike. Since other
maeriadusabsorateafeanthdos gaperate lfopreddtarndnedr $¢eite dane;
formng apparatus 1 according to the first enbodi nent,
thrurefiared Expgeaprasibde @ preyentmhippdng Angothe ddke that may
operation of the scribe line form ng apparatus 1" 15 of
be irauprirat dhsoedresf the dpddtincmalianial henhairetasS twhen the
operation _of the scribe |line formng apparatus 1 .
wheebtir rRyof Sheifd afs CUt tehpdoreRts up&atpithedrift g material
xcept that unevenness in the surface of the brittle
S'r(‘e?é?te‘pﬁtc’ﬂ substrate Sis detected with the use of the

I displ 0; f d Ll ed

el SRS paeD pbiensty i< Fo B3O Ened P fhangore
oBRBB LS iRk et LA LoRTROEVTER cp G0N oo prsrene
mStES a&@b%tf@t"ehs %Ee%@%é&hﬁés%f&gkhﬁelﬁ{%‘g“&f‘e Qurface

provi ded above the glass cutter 5. Since an abrupt

of MPRCHri PELE nlat PRl I RibstRh¥e §0 #ndealdAdpBost tiio%&tszan of
the surf ace of the brittle material substrate 25 S, it

thé 1RRSS Béan lBcHENSEY & E.Bead_ﬁ.{slﬁe@abo CAAlp BeNBY iadBoRdance
sufficient depth to divide the substrate into sections

witi Rni gievitiesaCyE tHREBriafld MaderiADIfidsitgabots apake8tn
fromthe armature 6, the wheel tip 5a of the glass

tigel Bk Bcthi dreteiuias ehtle d akkgliti sboademdret gahdi@ns ; ttherefdre,
wheel tip 5a to remain in contact with the surface of the

even if|the bl terlieghatsadial raistSaznds has gmesenabessaor the like,
predeterm ned scribe line; therefore, it is possible to

a plasegnbeahi Ppiprgpantly tim-adiksedhat anppsition on the surface

of, or at a predetermined depth inside of, the brittle material
substrate S, so that a scribe line can be formed with high accuracy.

It 1s to be noted that unevenness and the 1ike 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
positions;: however, it is acceptable to have a configuration wherein
these components are arranged, using a publicly known technique,
on the supporting frame 4 so that their positions relative to one

another can be changed according to scribe line forming conditions.
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be caused at the edge of the brittle material substrate S
when the 5 wheel tip 5a of the glass cutter 5 proceeds up
onto the brittle material substrate S. Further, the

| aser displacenent gauge 10 provided at the fore of the
glass cutter 5 being in contact with the surf ace of the
Whtht this corfigumitionbsit aie pSsdibkette pnepenhye foror atdtaribe
li ke of the surface 10 of the brittle material substrate
lgnethatfrgstls Pod acrpesilihefocsfing lnondateonheat dscsidgasted
8 is adjusted so as to be in accordance wth the
thatvEhpepubbiicatpenppft the Japandsgl Pafbatriece B)2Tkbbedaynbe
the detection results of the |aser displacenment gauge 10;
referered for Kagors saRdifiens| i partbe dineufemationandhe
upevenness or the |like, 15 a |aser beamis properly
relabipnghdd hetween Shessncorditionsuandche grlagiverpesitions
0Ergdeterm’ned depth inside of, the brittle materi al

u

RE rEMPoBents 19 Ane,a8ehee | i ne can be formed with
' R BECPRERY, rpiedch of P Miibe) U FRRTEHY Sapard s tsor
P SR GE N AR 20 8L BTN ot e rac
HEHOF o GeBRARED Y VRRRIEa: (R 0 Bq Br Brudiut it morat

of'ﬂg’ggi.:ﬂ?f?‘iine erre ﬂ]?ftf*gaﬁ{ezgiaf E&?&%&Jegg, 847l Krehness

and the | aser beam osci tor are fi1xe

aRd St Thnefe ZsurFask! b8Nehe TRURYEL  mAdtleriB126GERLARE st Qre
have a configuration wherein these conponents are

detécngnd, thérd¥bra ,PUDL i Glsy KooyMbIeLChB Gike ©€Ret! Nfpparatus
supporting frame 4 so that their positions relativé'to

contigquarattibar i tahene 108 aag® onpaetdimgsixze .scri be |ine
formng conditions. 25 Wth this configuration, it is
possi bhe dfothe acharbyténigniasset ithe ptdsentt Davern®Eenhsis t® be
scribe line formng conditions. It is suggested

able to generate a vertical crack T to be an origination point of

& scribe line after an edge of the substrate S or the intersection
position Z is heated by a laser beam in advance; therefore, it is

possible to prevent an uncontrollable crack from being generated

- at an edge of the substrate S or at the intersection position Z.

By driving the control apparatus 9 so that a vertical crack
T is formed at a position slightly inside from an edge of the substrate
in terms of the movement direction (an inner cut start) or so that
the formation of a scribe line is 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.
Industrial Applicability

As explained so far, according to the present invention, a
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that the publication of the Japanese Patent No. 3027768
may be referenced for various conditions in scribe |ine
formation and the 5 rel ati onship between these conditions
and the relative positions of the conponents to one
anot her. According to each of the scribe line form ng
wiaggartdpusesa ofladsheuttestid moraedhwhhle dednigorepe nis conhhact
wheel tip 5a of the glass cutter 5 generates a vertica
witlack bTitbldbesubstoatgimati doadorhiichl Goed reptsaililbe thensheal
the brittle material substrate S, and unevenness and
tigrss dapage ethe rfurfacef of htheb rSiUtbSItGa’nat ehi dbreidst caaekSis
are detected; therefore, ossi bl e to nake the
genFatadusat %diﬁﬁlg@ﬁat)%htwewe ﬁge vieriditd ec supakratien wiithean
One of the characteristics of the present invention is to
ippact) Eoggs @pPdYdRadicans thaleePPeédes @aaRrupt dmpachforce to
ori gi nation gO|nt of a_ scribe line after an edge of the

the g PF%tCéltée MAVHD; o &hedkgitdde i}&ﬁttr@sﬁ £on; geheratddapihe

VR CHACR RGP of IERs ErRCASd B6Rthei Wy thoRereRcd to,the

9%%5%3%? atis %%Q%H %ﬁ%aeFﬁsa@%ﬁ%?i%aﬁt e Si?&&f}@l@%ﬂ?ﬁ%#
o SEGRAREL 6 Dl Sl TR T BT Rk e
émerseafn 9é ﬁclta'tQE %@ﬂrg B 1eHba bl @y Oi?égﬂtt{a%}%tgor 3

rmatlono a Scri ine is termnate

an tirr8achefon ate8U9S By hNEerfE-a@tirk oWy @ABR t1il @%*céﬁhg

(an inner cut finish),” 25 it Is possible to prevent such

pathtlBg0the Mriathe shBtedtedNuhEi fitk &%&Qﬁgtﬁ&zlen%ihglﬂr
Applicability As explained so far, according to the

relieaseny d pyeNin®medium 26 ¥b&edokh H:Héf bR T 135S Sukskdtte .| Due
noved whil e being kept in contact

toastressgradient that occurs between a compressive stress generated
in the irradiation area on the brittle substrate at which the laser
beam is irradiated from 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 crack generated by the glass
cutter is urged to extend along the planned scribe line so as to
form a scribe line.

According to the present 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 be
generated in the surface of the brittle substrate, no excessive
pressure isapplied tothebrittle substrate; therefore, it ispossible
to prevent the wheel tip of the glass cutter from damaging the brittle
substrate, for example, chipping off the substrate, when the wheel
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with a brittle substrate by a | oad whi ch does not all ow
the wheel tip to danage the surface of the substrate. A
vertical crack is generated at a desired position in the
brittle substrate with an 5 i npact force applying neans
that applies an abrupt inpact force to the glass cutter
tip\BrRFesdst He ortaq tthe bubttlatsubssragencfan iingtahee.
vertical crack having a predeterm ned depth. Wth respect
t o t hBurtheer &vea &rthe Aurdpgekof atheadwithdansakstinatst bes
and a cooling nozzle_ are provided so as to be arranged
u’é?Yﬁﬂj’eéspPﬁn%&i yaithe Fvwrattﬁeliowm B&ahf deeggibdeoto

$ ng¥hor irradlatlng, | aser beamto form an

R A CPBRORI AL h FPF hBS LIHTPRL BRRE I indp Pﬁﬁwquce with
of.t eni ng nt of the b ttIe bstrate, and th

e et et A ufhatd G the eI S Siathy  phekafameo it

I b
1§ WadBE, hre oi'e* e KEHOE Csﬁﬁ?‘aéﬁ\% Stress
gener?ﬁf&e].?;’nok t%%tlhﬁg %.ds' 8’3&9 r%o%rg‘t?e P %% g&? ? rv&ﬁ]t"_i.ﬁ%l

substrat e at I"aser  beamis

cf@tﬁ@ﬁ:obggrﬁﬂ’%glgm A Vajnagglﬂ'ﬁtc?f]%' FSrftBé & ﬁ&%\%tred iéger

a cooling area e cool i hg mediam 1 o Feldas

tRAPERANE tROYerRYcAPERASK 1k RRAKE! oté;s% qcéfadgl‘% ﬂg&éﬁﬁé&ggi%e

t he glass cutter is urged to exte anne
156d $68s koFRra@ Af-1ba 1148 withPha use dDehd 8- sté%g.ﬁ rg‘éhaﬁa{é)d
the present invention with this arrangenent, sincé
imferl bici ptieatibétsate} Ogdtbrieiate PréuL 1Rt 9¥Sgéherave@ebniy by
toremain in contact with the brittle substrate when
a benygspatl tamoned sexewher eridinatiohhpdiret  dasir &k p@dLEL OB
at which the vertical crack is to be 25 generated in the
culdeftagenefaté@d ix ivdrdye machstmalbsr nidhamx des shee cape ewlsaife a
is applied to the brittle substrate; therefore, it is
conyenithpaal tnethodvwhth tahdlwidecis tugedf the gl ass cutter
fromdamaging the brittle substrate, for exanple,
chi pping off the substrate, when the wheel 27
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tip proceeds up onto the brittle substrate, for instance.
Further, even if the surface of the brittle substrate has
unevenness or the brittle substrate is warped, it is
possible to adopt an appropriate scribe condition that
is in accordance with 5 the height of the surface of the
brittle substrate; theref@laimst is possible to al ways
forma stable scribe line. Furthernore, a blade is used
for the formation of a vertical crack to be an
origination point of a scribe |ine; however, other than
1t hat ,Atdwriber ligalformiok appavaiais compristha ong a
pl anned scribe 10 line so as to forma scribe line with
t he usventicalesragk fammding member&hag hase hladant atiip thereof
substrate; therefore, cullet is generated only by a very
artrds| ugathfar feaadnge VertiFahcraskpst ke, amegigheatian peint
of cullet generated is very nuch smaller than in the,
ok AsTCnAber Bine DY PRGEATRDNRP HAGSREGINSt & sHrhaee of ydeittle
15 28 Claims 1. A scribe Iine form ng apparatus
subsigaitei wyth PREESEFeal crack forning nenber that has a

bl ade at, a tjp thereof, .5 and i s.used |Ti0[ form n’g@% .

vert i%lmg?ﬁt OFGe APRIN 100 NS Fh 4FRL¥{nd Gn 2PTeRY fEpact
i b ina.th I [ . f f britt
£daddC r DYl PEre ik Bt RAEmBNtibef SHBHIES 18] ofhetdre ife

vézocric%ﬁp&i‘ééi@ hali ;&rj Rlreb@PaGhinds E&ﬁtélltrl %té Qfﬂ%ﬂx%f 8bsition

crack form ng ne I n oraer 0 ge

iV el BRE €18 pRR¥LPY. @ predeternined depth at a desired

position 1n the brittle substrate; a heating neans for

for m NgeaPi Y R8amR¥bP Formi RFREI MY Bat 1A tehPéPafure lower
softening point of the britile substrate;

than a softening point of the brittle substrate;

a cooling means for cooling the brittle substrate;:

an arrangement movement means for arranging the heatingmeans,
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

scribeline that isprearrangedonthe surfaceof thebrittle substrate;

and

acontrolunit that controlsdrivingof the impact forceapplying
means.
2. The scribe 1ine forming apparatus according to Claim 1, wherein

the control 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
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a cooling neans for cooling the brittle substrate; 15 an
arrangenent novenent neans for arrangi ng the heating
nmeans, the vertical crack form ng nenber, the inpact
force applying neans, and the cooling neans to be
positioned so as to nove relative to the brittle
thabistitetile aubptedtst eamdned i nterval s al ong a pl anned
scribe line that is prearranged on the surface of the
brittwbesultlist bdade i2(Powmidianednin dheunicinitat ofoanradge of
driving of the inpact force applying neans. 2. The
thehirdgtle mubkstrategndpivathe wicioty df mgpassidigapednt at which
wherein 25 the control unit controls driving of the
therhliagdsl passgsk af pravieysliehparcdhfaribe lanea pptrol unit
movenent means so that the bl ade noves while being kept
CPAtERH dhe drivingeisthe HERAYT foREeRPRIVNIAISHBIRS ai® asphfo
a | oad which does not allow the blade to damage the
gensrals the veriaad srack Ihé""éaﬁs'fff%ﬁ’é‘?dﬁﬁ%fmﬂﬂ% freth| Jydhe
i s, positioned in the vicinity of an edge of the brittle
b§ﬁféﬁqzﬁ9?sﬁﬁﬂt?n the vicinity of a passing point at which
t he bl ade passes a previously-forned scribe |line, the
control unit 5 controls the driving of the inpact force

appl yi 0 er th rtical _crack

38pPp! -‘/%gnﬂg sCPaPe 138e i‘ér&u%g %g;gﬁaacﬁ% aﬁggr‘c’xg?{; FSL1athls Wherein

havi n € pre ernmne [Fe-substrate:

3. Theng Gt ply! ilrl oD HENaP BAL AN nBEASA LN InbE GdAUdEs a

1, wherein eating nmeans I ncludes a servo

czgﬁﬁ@mirm Ha3bhedLClie Furelaldss | the? kgt %%%ﬁte from

ace of the brittle substrate from up-and-d

up DM Rt Rbvdntteest i @Rl verastkaT QrAlbR USRS mEMRYd N hoveAg
the brittle substrate and adjusts a focal point of a

oh &SRy bpeatle isubadiate @nllr adyistsaaefodAapbOSEIdH at iser beam
according to a result of
irradiated from a laser beam oscillator according to a result of

the detection.

4. The scribe line forming apparatus according toClaim 1, wherein

the coolingmeans is arranged by the arrangement movement means
s0 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. 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
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15 the detection. 4. The scribe line form ng apparatus
according to Claiml, wherein the cooling neans is
arranged by the arrangenent novenent nmeans So as to nove
up and down in conjunction with up-and-down novenents 20
of the vertical crack form ng nenber that noves on the
e tihee foxg pxtdenod. the H’@f@%r BBELPe Nelifeor mi ng appar at us
according to Caim1l1, wherein the arrangenent novenent
nmeans eit her arranges the vertical 25 crack formng
nmenber, and. .t heating nmeans, .and the coollnggneans to

®he po“s’lﬁ?%%tt? ng MPTAYGEF ACFORLLRY B T_ime - whergin
Dot it RFapReph RStk RS i aHER 6O %?‘%#%ck

e QBB h8 AL LhEE T g 82 STt Bep] frong® o

bERRACE LY R PRI Ul b M G anpRfiefy [ HIOETEN

menber, the heating neans, and the cooling nmeans so as to
be able to change positions relative to one another. 7.

7.The Sffd feriteBidef PG oRRRAat HS aB66ATH b EPaf R Bhdrein

wherein the cooling neans includes a servo nechanism
that @@ esbsing mbaAnbeiiiuddl Micahrol REcKAlsEhA®AAJukEs a

positioned. 8. The scribe line form ng apparatus

heieter dt nghich Ehai svdlindheleans is hwerdioaal, cr ackf
orm ngnmenberis a glass cutter that includes a wheel tip

serving as the blade and roll ably supports the wheel 15
tip. 9. The scribe line form ng apparatus according to
8 Cl ai itk satideciime fdmingappagatesascesiiad asElaiebhwherein
oscillator that irradiates a predeternm ned |aser beam
thevertical crackformingmemberisaglasscutterthat includes
a wheel tip serving as the blade and rollably supports the wheel

tip.

9, 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. 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. 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 surface of the

brittle substrate by turning on or off electricity supplied to a
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20 10. A scribe line formng apparatus according to C aim
1, wherein the cooling neans is a cooling nozzle from
which a cooling nediumis released. 25 11. The scribe
line form ng apparatus of Claim1, wherein the inpact
force applying neans is an armature that generates
spbareyighicoiihertia for pressing the bl ade against the
surface of the brittle substrate by turning on or off
electricity supplied to a 31 solenoid coil. 12. The
scribe line form ng apparatus according to any of Cains
13. t hr TR IFCribe timenErIEigtgh APRITRIUSSAGRE- BMdat ¢ a8F of Claims
di spl acenment gauge and a_ contact di splacenment gauge f or
1d@F§E¥?héla EHeteE PAMBT RISt of the surf ace of the

brittle substrate,, 13. The scribe |Iine form ng, apparatus
accor BPREHDd ro‘?ls@%cﬁeenﬁ@afgﬂﬁ%aw%acw%% Cepent
brittle subsirate is one of. a.glas ubstrate f a, .
aRsfFer GBESSHLD Aibprds ooy PEdnE 3R SR o tnf pragere
S&% edisplay panel, and a glass substrate for an
organi ¢ 'EL di splay panel. 15 14. A scribe line formng

net hod conprising the steps of: while making a verti cal
crack form ng nenber having a blade at a tip thereof

150Ve P &cRibl t1liReSHRSHTR! Spp AR &t néefé L6dlor BLAGKS

havi ng a predeterm ned dépth at a desire osition on a

1 bfrdtdugl 18V bgdtig Wi th an inpact force applying neans
that applies an abrupt 20 inpact force to the bl ade;

form fige arsetideubstatyis OhBidi0a giakh Jubsty8té iredla 1iquid
crack, an irradiation area that has a tenperature | ower
ciystaladisgflisgrdevdce, a glass substrate for a plasma display panel,

and a glass substrate for an organic EL display panel.

14. 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 plannned scribe line arranged
on the brittle substrate, and forming a cooling area in rear of the

irradiation area.

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

the generating step of generating the vertical crack having
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point of the brittle substrate along a plannned scri be
line arranged on the brittle substrate, and formng a
cooling area In rear of the 25 irradiation area. 15. The
scribe line form ng nethod according to C aim 14, wherein
the generating step of generating the vertical crack
thavprefet32mihed pdepfigt et thed dbeyitriedaposheiategitr ethe brittle
position on the brittle substrate by the inpact force
supptu4 ey bretdies Linpagle Fogcasabpliydngt heansp L deetforpedi whemthe
in the vicinity of an edge of the brittle substrate and
bigade herepitiensd b1 the vigiviteef pBedesSitt therbrkt tlgi bstrate
blade 5 intersects a previously-fornmed scribe |ine. 33
and in the vicinity of an intersection position at which the blade

intersects a previously-formed scribe line.
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