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METHOD OF AND AN APPARATUS FOR FORM NG A

PERPENDI CULAR CRACK I N A BRI TTLE SUBSTRATE 5 FIELD OF
THE | NVENTI ON The present invention relates to a

nmet hod of and an apparatus for formng a
perpendicular crack in a brittle substrate, and nore
particularly relates to such a nethod and such an
apparatus that a laser beamis irradiated onto the
brittle substrate along a scribing line so as to cause

the 1MEFHOPONANDANKEPA RATES FOR FORMING A
brittle substrate, wherein a cooling nediumw ||

subs RERPFENDICELARORACK INABRITTEESUBSTRATE
to cool it down. BACKGROUND OF THE | NVENTI ON One of

t he met hods known in the art and enployed to form 15
perpendi cul ar _cracks in brittle substrates such as
senBAIEId OB THEANYENEIQNs pl ates, ceramics plates
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c?dlﬁi' ' téH‘ @'m?é Qh@%ehﬁﬂ spot in order
éoo é%ﬁgggPﬁ§§7 he oeﬁﬁéﬁ%gQﬁﬂegﬁ A differential P
t%tdd%ﬂsitHBH&l appearing between the conpressive and

tensile stresses will function to make a perpendi cul ar

cr agACGROUND OF THE INVENTION be formed at first

using an ordinary cutter -1 or the like proper too

to net of theigetlastie kaiowhe ifor the | arts andt remployede to form
heat ed spot and cool ed spot will start from such a
papehdiouliharadksein brittle substrates such as semiconductor wafers,

glass plates, ceramics plates or the like does use a laser beam that advances
on and moves relative to each brittle substrate along a scribing line thereon.
The laser beam will produce a heated spot on the brittle substrate, and this
spot will immediately be followed by a cooled spot due to a cooling
medium subsequently impinging on the brittle substrate at its portion
adjacent to the heated spot.

When the laser beam is used in the prior art method, a compressive
stress will be produced in and around the heated spot on one hand, with a
tensile stress being generated in and around the cooled spot on the other
hand. A differential stress thus appearing between the compressive and
tensile stresses will function to make a perpendicular crack.

Usually, a trigger notch may be formed at first using an ordinary cutter
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per pendi cul ar crack reaches the back of said brittle
substrate while extending along the surface thereof.
5 The Japanese Layi ng- Open Gazette No. 2003-321234
herein referred to as Patent Reference No. 1

di scl oses a nethod and an apparatus such that a | aser
source noves to irradiate a | aser beamonto a gl ass

& fHetlike HOPEF tOYELO @@x]rawg assile dizdefthe britleonilisteite. The

medi um w subsequen e ejected towards these

Réd Ostfotsﬁnéscé@leﬁub bhewﬂl aartphim. siéeh aridotcht so that the
which the to | aser source noves as well as the | aser

perpeadicnbar heackoveathed depebackgof osaidhérittley isubstrate  while
position of the | aser source, whereby the glass plate
extending alongthe susfacg thertofnugl y. The Japanese

Layi ng- Open Gazette No. 2004-66745 as the_ Patent .

Ref Fhmdapanese2Laying-Open GazetterN neawa 321234 theggingreferred
brittle substrate. A 15 diffractiaqgn nt diffracts

t@ asaBatent Referenaedo: Lﬁb@ﬁlqsa& apmetho aa [ RRParatys guch that

3 [aver E‘gﬁgeén%%gi?iﬁ Sradte aase peaprBre 8RS PRt srpessive
i IESHRLEE e ) i e
tﬁzm?rldaﬁﬁé%é’%&wﬁﬁ.e# to S8t B¢ HAR pBRY < SBI0HL HEffich the
65 bGRE HEPR S é%#ﬁéﬁa%%%ﬂé%ﬁ% Regitgléd (Epending
o @%W?éﬁ%@?ﬁi?ﬁ%la&?@%éw il By R el R can be
a?c‘é} ]fy =) gr#ot cool ed enough. 25 If the
pe-shrap be having a | ongi tudi nal center |ine
al onppd Rageg ! eﬁr}gggLOﬁehSGfaﬂéﬁBdl\ﬁi 0POO4EE74S tagr thc Patent

line as No. 2, then a gradient will take

Rbﬁi@n@@N@eZ‘dimwd%"ﬂiﬁhét weethbdesiscutting Hdeitd substrate. A
-2 the tensile stress in a cooled spot. The

cﬁlfﬁﬁbﬁﬁh edeny difftacte adasercbeam ineideterpon the bhigtle substrate
scribing line is greater than that observed in another

such that a stripe-shaped beam has a longitudinal center line extending

along a scribing line predetermined on the brittle substrate. A range over
which thermal effect spreads itself across the scribing line is thus made
narrower, thereby reducing any adverse influence upon an adjacent wiring
or electronics devices.

If the laser beam continuously irradiated to the brittle substrate moves
thereon as shown in Reference No. 1, then the cooling medium
continuously sprayed towards the brittle substrate is prone to leave a deeper
or back zone thereof not cooled enough.

If the stripe-shaped beam having a longitudinal center line along the
scribing line is formed along the latter line as in Reference No. 2, then a

gradient will take place between the compressive stress in a heated spot and
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direction intersecting this Iine. The stress gradient
in the another line contributes to production of the
per pendi cul ar crack. 5 Consequently, such a
stripe-shaped beamw ||l need a higher energy to

prol ong the perpendicul ar crack al ong the
predeterm ned scribing |line, also tending to | eave

thenenshe es‘iré%ﬁ daeR&odled qie gradiet Wbséived in a direction

substrate e non-cool e zones Wll give rise to a

dlffried abith t thes ScfiBirigh dines iif cgreatdre tiam cthat hobseteedreih another
has a depth considerably smaller than the substrate's

dieedtiorr kntegsecting ithis ditge fFhe sifesshgradient lin the another line
substrate parts thus severed one fromanother wl|l

qanésibbtes tioeproduatipnoof therpearpendicudar eragki t . SUM\/ARY
OF THE | NVENTI ON An object of the present i tion

maddConsaguentlys sum@estpnp@bsl:@wd beamieiibmeed & gher energy to
é}gfé'eé dhe perpenshieular Gragk glotg fas Eﬁé@ét%bp&gcﬁ”eﬁbm fife, also

e
;2;:@%“ e L e
ey s s A

ers?hg @gg fethg‘ ﬂlesﬁ{lbﬁégl%t bone fis &&vefed one

eam O pro uce eate

%Bﬁi %%&“%5 FHEPORIY 1R00F L BOR TR fition Ty, on The

Char ng step of forming the
heat% an tﬂ%g step of formng the
Coo'ﬁﬂ eét of tee g&éﬁéﬁt liHPEhtien thadé ihaded! obthede Problems is

| aser n1onto 2 he heat ed spot are conmbined w
lﬁé?éfo?é hfﬁ pfovidestl téthod Wi tarmbesnt apparatosbfomdforming a
such an increnental formation of the perpendicul ar
Iﬁé rpekdicliler craek #rlarittlessybstiatpsueli that titseparte canusé gevered
eated spot is thus rendered -3 effective to restore
ovefromh anothdritorhave I]hmmdgesraﬁmdlmpeomrbshape:r om
anot her aspect, the present invention provides an
appdnsorderftorachieve this object, the present invention provides from an

aspect a novel method of forming a perpendicular crack in a brittle substrate,
the method comprising the step of irradiating a laser beam onto the brittle
substrate along a predetermined scribing line so as to cause the laser beam
to produce at least one heated spot, and ejecting a cooling medium to
impinge on the heated spot so as to form a cooled spot. Characteristically,
the preceding step of forming the heated spot and the succeeding step of
forming the cooled spot afier interrupting the irradiation of laser beam onto
the heated spot are combined with each other to constitute a unit operation
enabling such an incremental formation of the perpendicular crack. The

cooled spot superimposed on the previously heated spot is thus rendered
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form ng a perpendicular crack in a brittle substrate,
the apparatus conprising an irradiation neans for
irradiating a | aser beamonto the brittle 5 substrate
so as to provide a heated spot thereon, a
transportati on neans for noving the |aser beam
relative to the brittle substrate and al ong a scri bi ng

SFFBSHE &si%sqwei ﬂfc?ﬂa'ﬂ%gﬁﬂibriﬁﬂl i 254 hPSuHE ARSsP@E.

ejecting a cooling nediumonto a brittle substrate

por t Ffyim WifstRef BSpéatathe presinthiavehtion pfovides anvapparatus for

this portion then formng a cool ed spot, and a

forniing! ' pépendiculant cricki g tdebrittladsebstrate, the apparatus
transportati on and ejection neans. The irradiation )
cempsising anristadiatien mears fardrradiating at lases heamhantosthe brittle
| ongitudinal center line intersecting the .

subsiieate soi aseth providerayheated sposshereom|a {ranspertatigngneans for
of 90 degrees. The controller is, constructed i.n_such a

moyingthe Hﬁser lm;npigwéw tythe fbﬁitﬂﬁ Haty andealpagik seribing
§e: padesermined, dhgrcdh &8 Cisction; 20635 doroFIecisE @ cooling
SR B BT R SRR A ol b ot s been
FRGHSL Sk B BEACH98  SRg Al pbaer o
SUrpRtE S ittadiau iy Srhigorialfon” 4hd' SiGURSY" Bidhus”  The
Aoy P paoeted i b e Sénth dpck 1 SMipitucinal

)

ransportation
j : ' .
HeE1AE LRBARATE 4R BoddoniRRy sOibIRn Foc ibstmAlly at an
ﬁh‘%l%t 6F 50 dﬁ}% BE! Nqhe Eomesllén i cbAsHFREtedNth 8hiek a fashion that
aving the It length has to continue fromthe first

ﬂﬁ“?i’ £s86k ofl fpehihpethechedted spotnend the sueokeding step of
spot 25 superi'nposed on"the previously heated spot

e ebbed! spet sfer astepruptionhef the iexpdiation iofrlaser beam
and around the spots. According to the nmethod of the i
onteethe dreatéd esponi areopernitined with edckasthesdd oobnstitate a unit
preceding step of form ng the heated spot and the
operation. ndThe anipbpératiomis tcbe conidactedat ledsteone time so that
interrupting the irradiation .. . .
the perpendicular crack of a unit length along the scribing line will

penetrate the brittle substrate in a direction of its thickness and at one area
of said brittle substrate. The controller will then give command signals to
the irradiation, transportation and ejection means so as to repeat at least one
time the unit operation at another area of said brittle substrate. A farther
crack thus formed and also having the unit length has to cdntinue,from the
first mentioned crack along the scribing line.  The cooled spot
superimposed on the previously heated spot should be effective to restore
thermal equilibrium in and around the spots.

According to the method of the invention, the umit operation is
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of | aser beamonto the heated spot. The cool ed spot
superi nposed on the previously heated spot is
effective to restore thermal equilibriumin and 5
around the spots. By virtue of this feature,
settlenment of thermal tenporary inbalance will be
effected every tinme when the unit operation is

6&@%% ?Réegﬁﬁgﬂggﬁéﬁ Bf NENnGing! ¥He SRE4ted"spot and the

previou d “spot. Any~thermal streSs
sufcbedin dteg Qﬁ’rfo?ﬁﬁhgfthe icooldtE spoi hftbe istebaiptitigetienireadiation
the perpendi cul ar cracks are successively fornmed

oft agé£ bBa@Nentd iy heatetihgot.1 0 The tdoledneputesuperimposed on the
protecting it fromcurvature and torsion. Thus, a side

predipmslydeatéd epo isf effective dosrestireathenmalt squidibeivan in and
one fromanother will have an excellent configuration

arquadi thre $potshe Byt hdttues ofurthis: i featirep osetflementhoft shermal
spot ma}émgr ef er abl have a | ongitudi nal center line ,

temporage abumewﬂX becaffected every timpe ghen fhae upit operation 18
substantially at an angle of 30 degrees. This féﬁtur

carged o 1o SypoTianpose: » EW-caoled Fpot ORPIEGsNsly heated

St vy Faarmalcstrass v ithnadOREeR, e Jet incther Gyt pubstiate once
the espRB len CRACKSIATE BiRgesIRely, FoRed tRFHED a fiyef gmother
illlpti,'r12§e g}@mﬁeiy,e{lglist%t%&ﬁg at?frg?ﬁi 'ﬁﬁ?%@% rgﬁﬁgtﬁrﬁgrgﬂb >Phus, a side
S g O B B s . ot i
ol Al 2 7, 5 oo
T bl S b v Aty sl
s, S s . s v o

subRedritidIBD afBin RAgleeBE DR degtedseasThiznfeatareeid advantageous in
lgﬁother area of %aid brittgg substrate and changingg

thab@ keeAgéoBompressiveaitrsts is%am’aﬁechﬂn the dieettiomesf such a
As a result a further crack thus fornmed and al so

longitudéndlheentet tlihe,n gb hthanarc appliedeldseprentergy f willt effectively
nmenti oned crack al ong .

contribute to the smooth formation of a perpendicular crack along the

predetermined scribing line, while diminishing a residual stress.

Also preferably to the method, a unit operation may be composed of

the preceding step of forming the heated spot and the succeeding step of
forming the cooled spot after interrupting the irradiation of laser beam onto
the heated spot. The unit operation may be conducted at least one time so
that the crack of a unit length along the scribing line will penetrate the
brittle substrate in a direction of its thickness and at one area of the brittle
substrate. The unit operation may be repeated at least one more time at

another area of said brittle substrate and changing the location where heated

-5-



10

15

20

25

the scribing line. This node of conducting the present
met hod is advantageous in that energy | oss can be
avoi ded by adoption of a proper 5 duration of each
unit operation and by selecting the tines of
repetition of wunit operations taking into account the
thi ckness and material of the brittle substrate, as

ts e tb!Be ﬁbﬁﬁgiﬂ“efﬁs bheeshltas futthetr @ridk tRGETErmed and also

ontrast wt prior art nethods of continuously

RE®vingothehenitfefiptt efaypohfifge eaNthe fitss niritiordehtestk along

spot “does not eXtend ‘continuously 1o herein, but

thes aeeibingelihed sTbis medecdfi vohilubting thei present method is

| ongi tudi nal center line intersecting the scribing

hdventagecunyire thit 8ferfnuiessscan beecaveidedghy adoption of @ proper
the brittle substrate will efficiently be utilized to .
dimationc of each ainit fopenation andf by splegting the times of gepetition of
al ong the predeterm ned scribing line. ;’EE unit,

wpié roperations fakingrinkg acaeupkthfethickoess ard Jeateria) ofcthe brittle
Bibsihe st Wl A50bs 8P BPeTe iR CROBIR 10 DSAREIEE the
i ned scribi line. Th ' ' .
ool GoRizast ahigh ciige Duigs et merOds o Pantipetsly, moving the
ERORHA AR B bRkl B S AR A BSnuonsty
he.li Lool . i ' |
B P B6rets M SBR BRsBRERFEN 6 b Affiettbtinal center
by Ceaid briid . .
it Bfngcund s olcrttong, B i dhe U590 dREBES, DpS6k energy
SEBBLIS M B c 8568 WAL DRI BE A 18 B fncremerta
it 8t fpodeBliri R RISls UNEpRaple At lyng lne
to eyRer @nftf @gﬁfatic_ﬁfoftﬁ‘r Yofthirig ether pegpehdichlatBradkk may be
ink Jet type g ection of the cooling ITquid nedium may
Fepeatsd soiRd tinfe s "vﬂﬁioﬁtocl;iztngihgmhbhpoﬁ;eidm@f dsdated and cooled
intervals at which the unit ~ -6 operations are
S%ﬁgaitfajstaﬂhpom afathespredetosmined scsibipg itk wi The tshart point is
thus jetted coolant at a rate enough to renove their
lozated near any side edge of the brittle substrate, and such repeated

operations will engrave a trigger notch at the start point without using any
cutter or the like tool. A continuous perpendicular crack will grow from
the trigger notch in and along the surface of said brittle substrate, while
penetrating the whole thickness thereof.

Each cooled spot may be formed to cover and cool an area larger than
the corresponding heated spot previously formed, mainly due to heat of
vaporization of the cooling medium. Thus, the heated spot will be cooled
down quickly to ensure prompt recovery of thermal equilibrium.

An ink jet type ejection of the cooling liquid medium may be

employed in order to shorten the periodical intervals at which the unit
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Paraneters for designing the heated spots may be
radi ati on energy and duration of |aser beans, shape
and/or intervals of heated spots. Details of 5 the
unit operation nmay be optim zed by adjusting these
paraneters in view of various conditions such as
thickness and material of the brittle substrate as

- j . f . . th
g bbb, ke spos oL Syfplie with the ths

jertedlcovl astuatedrdly epdRghtdi rentv dieitheary be given in

the direction of the scribing line, using an io0 :
i nedRaraimeters for &sﬁ%ming. thétheated spots! inay, bé radiition engrgy and
denotes a di stance between the two adjacent unit )
duration, ofrtases beams, shapaapdiemintenials of heated spots.  Details of
partially overlap one another or snooth%ﬁ conti nue one

©

openation wnay bet optimized, byi asjusting theseypatamaters in view

center line of each heated _spot dqes intersect fhe_ 15
@e ¥adous goRditiens sughgs thickngss aﬁaéngtf'en@ efgtchengaltﬂe substrate
regi Qn nefr or close t.o an .egd of .the brittle

raf & Jocgtion whegs the.c igdoEmsdged in order to

@

or o Ererapiy gk R B0zt BB aE b pbEEE by one
%ﬁﬂ&@%@@oﬁa nﬁnt?ﬂ 3’32 ?éegﬂﬁﬁ@é ﬁ@&gﬁ&ﬁgﬁf Eﬁ%{s’cﬁpﬁ% 1ifie; using an
Rl S 2 S Al VA R  ciance
SUSE 9D A5PRTTI SO S g S o it crck

ﬁﬂ‘i’t iaﬂgsﬁveryiﬁé oiﬁcﬁ?@tﬁ}ei’ _romébthlYEYon i oneNBblY another
. PR od d

urve O as to formas a ole a curve

@gmbhﬂﬁggﬁxﬁﬁﬁﬁg. 25 The predeterm ned scribing line
may occasionally be |ocated considerably near any

si deTlksldengitutiiital bééntt dirfe! st egdle helated hipot cdoss iifegsect the
| ongi tudi nal center |ine of each heated spot may be

pepeaiseduclngti pingls o et s 0
¢rik of cthiebbrittle isabstshten r Spelntamgnglee may theopkangédrin. order to
sﬁrlleétnglfé regulate another angle at which the stress gradient will extend
between the compressive stress generated in the heated spot and the tensile
stress generated in the corresponding cooled spot. In one case, the
perpendicular crack tending to become slanted or curved near the side edge
of a brittle substrate can be amended to extend straight and in alignment
with the predetermined scribing line.

In another case, the successive cracks may intentionally be made
curved so as to form as a whole a curved continuous crack.

The predetermined scribing line may occasionally be located
considerably near any side edge of the brittle substrate. In this case, the

longitudinal center line of each heated spot may be swung a proper angle
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sector of such a center line may thus be retracted in
a direction opposite to the advancing direction of
unit operations. By this way, the perpendicular 5
crack tending to beconme curved near the side edge of a
brittle substrate can be made straight in alignnment
wWth the predeterm ned scribing line. The unit

shitahi ABnAY ﬁﬂeﬁ@ﬁﬁﬁgeﬂoﬁ{t Wiferer e9i8d cBfite¥t BReOfwill usually
simul taneously formng a nunber "N of heated spots

ineetsédtetiny ecbitigh dines wenotepaatingt dseaursit opesationg t As inner

sanme nunber "N of cooled spots after 1o interrupting

selctor of suclati centerf linesaay thasnbertedrached e at ditestion pposite to
The unit operation enabling such an increnental

theradvancing tlirebtiopeofpenidioperations:r aBy thiy way, dbe qerpendicular

at least one tine so that a series of cracks each of a

emack terdiggrtodbecame waved neat éhe mese@aﬁ péa byttle swhsirate can

Wixltadgave a mml{;Qreaseglglil n%‘tl ﬁ correspo ds to the
vy St @%ﬁf@b&fp&%ﬁ&fc e Rl o o
Ghfiifang Bttt Forspibe” § TdbRECN ot bpatec S R £hé Spgoceding

gg%wm%&gfﬁ%n o SO S B s o
iStn @168 iBhdRAch HE BLLeheHoARY e RdahAYSIAY The unit

|on ed Spots are

| i o, ,
s 12?”2%%. I i3 i, e R R OF. 2. perpendicular
i Omﬁﬂ?j Bglcdna%fe%ﬁ Sﬁ'léa@f‘ahé‘ Y sérfﬁat hIséries of dwéks each of a

rst mentioned series of cracks along th

@¥it | length | dree foried EPUShce, CThEMICleried tdfecﬁ{ﬁeﬂhll have an

nmet hod™i s advantageous in that 25 every unit

iapfeaabd %n%ﬂﬂhﬂ eorrdSponds te dhe petislaigthnaeltislied byo'N” along

increase the |length of every unit heated spot and to
theesoething dihes ¢int btheruwbeds, the weries bgiagatNbtimesoapdong as the

repeated for different areas of the brittle substrate,
unit crackd). acAtoeimithisgcasee dachnetacininnluded dnpdunhea series will
perpendi cul ar crack. A further inequality: 0 < a < 4t
peneftate ithe bitistlotsubstriate imjacdirestion of its thickness and at one area

of said brittle substrate. The unit operation may be repeated at least one

more time at another area of said brittle substrate and changing the location
where heated spots are to be formed this time. As a result of such a
repetition, a further series of cracks thus formed and likewise having the
increased length may smoothly continue from the first mentioned series of
cracks along the scribing line.

This mode of conducting the present method is advantageous in that
every unit operation produces ‘N’ heated spots at once so as to increase the
length of every unit heated spot and to thereby reduce the number of unit

operations to be repeated for different areas of the brittle substrate, thus
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each heated spot on the substrate, with t indicating
the thickness thereof, may apply to the process for
form ng the heated spots. By nmeans of this 5
i nequality, each heated spot may be fornmed with an
energy whose level will depend on the thickness. A
still further inequality: 0 < C< a/2 in which a

P @sinc e TiRatidn of a ebnflele papeadicilat criekt he
brittle Substrate, with "C “indicalting a dianeter of
eachAcfeettes ineqiakiggd eeg a@sirdncwhidle o degoteskthei major axis of
apply to the process for io formng the cool ed spots
#ache heatedospatf oh rthecsubstrage redthumin@jcating the shicknkess thereof,
feature, a thermal and tenporary inbalance will be )
maycapply tootheeprocess for forming therheatash spats. unBy means of this
operation is carried out, lowering the intensity of ]
ineguality, eachdwated spohmayobe formaed with an enesgywhose level will
Epera ion, As, ignnarized above, the controller
epand ondhe thickeesg.esent apparatus 15 is constructed

o e R 0 3SR Bl s o maor avis

-

Sheast bfrrohon et oibFrip R (CoRGHYY a diameter of
PRI EoRR st BErdiiL bs BRI ARy TR R ARG e rocess for
{{iling R, g dBols By RiEcopl BT (hESoblinle RRARIE, "B Virtue of
@g%tf?% e,faf,fmfl ?ﬁnﬂ]gﬁa'gt?\;m ggf‘#rallﬁl Sl gnalwsiﬂiIg)é”aalg'rl c?lf?g for each
§ thégE TRRRS wiferA theO uhfiP@perdion &8s caffidd LowE IdWeering the

[ peération at another afea of said brittle

FiBRdifRbE redidhal étheds ehditlg tobe 1¢fe aftes the ubévepdration.

unit “Tength will continue fromthe first nmentioned

cr acks dupmdratized wbovel, e conerolles ifétalleddnethespresent apparatus
overl apping the previously heated spot is effective to
isesomstructéd soeh thatalurit operatiomisicemposddt dfetheppreceding step
Thus, a thermal inbalance will be canceled every tine
oformhing the heated spetr and dhe fsuccéedingnstephef forming the cooled
perpendicular crack is carried out, reducing the

spoti afier intecrupting the deradiations efuaser beamhento the lhgated spot.
uni t operations can be )

The unit operation may be performed at least one time so that the

perpendicular crack of a unit length along the scribing line will penetrate
the brittle substrate in a direction of its thickness and at one area of said
brittle substrate. The controller will then give command signals to all the
relevant means so as to repeat at least one time the unit operation at another
area of said brittle substrate. A further crack thus formed to have the unit
length will continue from the first mentioned crack along the scribing line.
The cooled spot overlapping the previously heated spot is effective to
restore thermal equilibrium in and around the spots.

Thus, a thermal imbalance will be canceled every time when the unit
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adj usted properly in view of the thickness and
material of the brittle substrate, the |ocation where
the crack is formed, and the |ike parameters. 5 In
contrast with the prior art nmethods, neither the | aser
beam nor the spot heated therewith is any |onger
moved in a continuous manner, ensuring that the

opaf d;gtf fﬁf’%nfﬁ-?% ihe gégg&{ldﬁma& ERICR! fse&éfgiaq blie, reducing the

preedet erm ned Cr I Ine at a right angle. Laser

reﬁﬂﬁhpme?&@gisﬁ@sﬁo tﬁﬁhsﬁcg.iib‘nﬂ)ﬁ, the/tindes WF uniz 8getadions can be

SNDOt | orm-t e perpe culYar crack al ong the )
adilgis“tb@' gﬂ)}ie‘r}}ﬁ in1Qjefheof amer ehickheseyargl ateeialaofl the brittle
I gnal o the relevant neans to repeat several tines

subbeate) the Iuvation whetothd orackrg formedeand thie tiklesparameters.
crack, w thout changing the position of heated and
coh ebmtrast swith the giraort artoinetheds, neitherrtheclasembeam nor the
scribing line. Any cutter or the like tool is not .
spothestedrtherewithds any longer mapvedhist 8 COALANOYS INARNLT §BSUTING
of the brittle substrate. ;15 A conti nuoys .
thate the nbeated aspelr hes 5| majon raxis r Berssctng: the predgiegmpined

Scribing Linsnpt 6 BB (RIEM 1 oL AREF ERETEV.APDLCHNC Rt PO is Fully
utHec i STRGOILY Sabpiibe despebdisnidirank algng B sfibing line.

S S e it b 6 Tl s v
by B unpb ubbfi $6: Rifithy Bt Betpengicyly orack
AR ol HERIPAY: et SRR AP S0 point of
R PR Sfibide g, ARYCBolet °of {7y og] i not

n&%%dg&?ﬁidﬂﬁa a f HotéH nERY a i eﬂ%}t’ ?ftR8THHifle substrate.

s gn to*each re ant neans to formthe heated

AeatinubakipagpéidieuBiaaek Wik sag foeh $hé notethand groWin and

radi ati on“energy and duration of |aser beans, shape

alang/tRE subfaek\GH Sai@fbrifilessubstrné swhileusombpletelynipenetrating the
opeération is adapted for various conditions such as

whole thickness thereof.
An ink jet type ejection of the cooling medium may be adopted to

shorten the period of repeated unit operations. Each of heated spots will
receive the jetted coolant at a rate enough to remove their heat.

The ejection means may be accompanied by a supplementary cooling
means so that after the jetted coolant has formed each cooled spot, the
cooling means will cover an area larger than the heated spot. Thus, the
heated spot is allowed to quickly cool down for prompt recovery of thermal
equilibrium. '

The controller may also give command signals to each relevant means

to form the heated spots taking into account the parameters such as
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thi ckness and material of the brittle substrate as
well as a location thereof where the crack is forned.
5 The controller may give further conmand signals to
the transportation mneans so that unit length "L of
the cracks and a distance "D between the two
adjacent unit cracks do satisfy an |nequal|ty 2 <D

overtf i3 gﬁ:‘gﬂ{ﬁg He atiGif of A %‘anit” isha intérvals of those

I or snoot cont | ue one rom

%5&& hemhiks! B unippeaRidreid a&ﬁpwﬁefbﬁ heroud @ohdétions such as

troller may al so give conmand signals to the

ihi¢lasisstandh nuerial ofittharbrittlecaibstrate e wellyas adochtibhethereof
brittle substrate, so as to change an angle at which

whergtheoerackiis fofmedch heated spot intersects the
predetermned scribing line. It will thus be enabl ed

to sEhecontrotler enay give fumhercommand signalsiehe ttrmsportauon
gradi ent extends between the conE; essi ve stress_in

meanse golthat yoit lengthnd. w@ﬁbm ang a distance ‘D’ between the

correspondi ng cool eq spot. The, perpendic Iar ac
W@n@alaﬁeﬁhrwtné‘ﬁ Q) ﬂ@@gé’mofm&% eﬁ}z $ D < L

CARELA 3L T8 IR i B B sy

SopiiisORs A %%%b'sﬁé; %&&ouﬁﬁp”?éaiél%ﬁ%m TR ) e

f uncrdSutrolleh Ay AP iR omh A EhRls Bl thE Hradiation means

M@F EO&??&%%&W%@ of thie BH §ﬁ§ %h? 9%”%8%“?{%8“’ an angie

Unl t oper atlﬁﬁOﬁﬁC%thn%thSEC SUC g&g:ﬁ&;ﬁ%ég@ﬂﬂlﬂﬁd
1h Ythele HHIIP

|
advanting diTectio \Edl?e Eﬁ?l?legptgreégg?%nmgﬂw 15‘1% éﬂbthB? angle at

Which *sﬂesso orfdiedt Extends batiedre 1He b ardsgiwrstresg 8 ch heated

near the side edge of a brittle substtfate can be made

@dtalm the aensilerestresd tin tédecopreepohéding nesbledr ispotg  The
[ine. -11 Also preferably, the controller nmay give

?ﬁmﬂdtblﬂmgcmck promd to theve nehethnsidecedge bf ianbrittiesubstrate
o performa unit operation that will be

can now be straightened and aligned with the predetermined scribing line.

As noted above, the predetermined scribing line may occasionally be
located considerably near any side edge of the brittle substrate. In this
case, the controller may function so that the longitudinal center line of each
heated spot is swung a proper angle about a normal intersecting point where
this center line will usually intersect the scribing line when repeating the
unit operations. An inner sector of such a center line may thus be retracted
in a direction opposite to the advancing direction of unit operations. By
this way, the perpendicﬁlar crack tending to become curved near the side
edge of a brittle substrate can be made straight in alignment with the

predetermined scribing line.
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conposed of the preceding step of sinultaneously
formng 'N heated spots and the succeeding step of
simultaneously formng "N cooled spots after 5
interrupting the irradiation of |aser beamonto the
heated spots. The unit operation may be conducted at
| east one tinme so that a series of cracks each of a

uni t s‘a”gietfeﬁb f ﬂ{éf%ég%neﬁ Ctﬁa%rllg'vé é@ﬁﬂﬁ&upfﬂgﬁﬁﬁkﬁ all the

Wil | crease engt t corresponds'to the

fé[é\ﬁadteegﬁﬁomﬁ%' Rleafi§ Ry péffoAong wiibeoperativmahat will be

line. Also in this case, each crack included in such a
Suihp6sedl6f Md pravedaig step b sirmitinésuslyforming ‘Ni leated spots
direction of 1ts thickness and at one area ,of sai d
dnd thd suscdestingtstep Dfesiomiltangonsly iforming |‘Niecoalpdaspats after
at least one nore tine at another area of said

intérrapting the tirradiationd of Haseyl heamhentol ﬂtmhﬂmd/\mﬁté t hehe unit

heated spots are to be fornmed this ti As a,res
aparationdnay beicondsicted a&kzas{me Hwersuthat @ serigs® eracks each
having 15 the i eased Ie snoot nt i
of; it dength AreSAFMERCH GBFE S@P&ék%f ﬁrﬁfg} “have an

1%_3%33'&3%935’5 TN T Oﬂﬁlﬁﬂuceﬁm¢ by ‘N’ along
s é)cé}qgﬂg 2 e 1o ALS0 ih s BAgR .o a{:ngé]c > iflyfBE n' fich a series
W@?el R ng}e %Pgl& %uggﬁ' n}tﬁé r%{ﬂﬂ g%t‘itrsOWchmss and at one
%ﬁ%?‘“{m@a@ﬁr Wﬁ}g ﬁ{ﬂt"?ﬁ%’@fﬁpew%g?% tféegéaﬁﬁd at least
G 0 o, 3 AR S 50 SO B B cunging e
lﬁﬁaﬂsﬁ%ﬂgﬂfc thﬁg%agégfglgéﬂt i dr¥ tél@j@ fc&ﬁ;dd)tﬂ@ﬁmé ocess for

rmng each of themis formed with

an eRglOMslR! §Tulhet Reriehi sfkracks tBSs Gorred t.’a\lﬂd‘é‘hkewme having

substrate. Nbreover, the controller may conmand the

BleSptraiiedaangth ﬁlalgresﬁlebthl witgimie fronetbé firenmdmioried series
defined with Still "anot her |nequaI|ty 0<Cx<al2

ofléracks wlomhtiee stritsingslindle Bweoy unit cperatioagrodeces N’ heated
spot on the brittle substrate, wth "C indicating a
spatsait eoncef sceas o qediieel the aumbepof eisplacements which the laser

beam has to make for different areas of a brittle substrate, thus accelerating

the formation of a complete perpendicular crack.

Further, the controller may command the irradiation means to operate
satisfying another inequality: 0 < a < 4¢ in which a denotes the major axis
of each heated spot on the brittle substrate, with ¢ indicating the thickness
thereof. By means of this inequality applied to the process for forming the
heated spots, each of them is formed with an energy matching the thickness
of brittle substrate.

Moreover, the controller may command the ejection means to perform

under the condition that is defined with still another inequality: 0 < C < a/2
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The step of form ng the cool ed spots by ejection of
the cooling nediumis thus carried out such that a
thermal inbal ance will be canceled every tine 5 when
the unit operation is carried out, wthout |eaving any
noticeable intensity of thermal stress after the unit
operatl on. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is

if WARH'E d%ﬁewfsgg%q%a R offleaeh HelAfe P SFSIeoH the bﬁeﬂe @fbstrate,

pro vides to ntinuous perpendi‘cul ar crack

withneCa indichiihgda |difmetdi of hedich sopleedispet regaxiednas a circle.

brittle substrate; Fig. 2 also is a schene showi ng a

Phs istdpo ofiformingt thmsboledongseby efectiorpof shecoolingi medium is
a laser beamis irradi ate Fig. 3 is a schematic
thes speried \outwsuely thixt artheppral dmbalance willnberganceled every time
perpendi cular crack; 15 Fig. 4 illustrates a driven
when thesuait eperatiom dsappaied wut, wighost daeviaga anydaoticeable
of the process that is enpl oyed when the
iptensitt of therayl §Hcsbaﬁgrﬂ1m§mtsopeaé1a%d near either

< BRI oA dp THECRREARINE o or e

nmode, of t rocess THE P%Fgﬁiggwsem invention

NSRRERFeS FoAIOCeEYs &
' zsw‘& R ‘fémarag%o‘ﬁ@y%h?ﬁéj?#ﬁf RfiBE Erdck, alg 2 geribing line
%1& a é%lffg ér%nhgﬁgﬂ{ bmﬂégﬁg’ggg&'t Ioml : gdcg(r)n‘ ?gﬁr asfson
o b?i‘lga fzeaféﬁaig 2, ke ﬁh‘i!)'vfﬁgzé ‘ﬁﬁsug&?albféléﬁbﬁshlp between the

a sing

@&Eb aswm!:yaqﬁ Bé&ﬂi%}%rﬁ%{dt £ conposed of strata

nde one to an er i'n sem conduct or

me ng iQr: maﬁilg yeview off AR hppartud for forming such
at?gzl eg 1toathe urf glgpggﬁsﬁch a brltth substrate, &

® pefertibigds eghdkher ei n.
Fig. 4 illustrates a driven head installed in the apparatus;

Fig. 5 shows a mode of the process that is employed when the
pre-determined scribing line is located near either side edge of the brittle
substrate; and

Fig. 6 shows is a curved perpendicular crack that may be formed in
another mode of the process. |

THE PREFERRED EMBODIMENTS

Now some embodiments of the present invention will be described
referring to the accompanying drawings.

A brittle substrate treated with in this invention is not delimited to any
particular kind but may vary as to its configuration, material, usage and/or
dimension. The brittle substrate may be a single-layer plate, or

alternatively be a composite plate composed of strata bonded one to another.

—-13 -
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The material of the brittle substrate may be a gl ass,
a sintered ceramcs article, a silicon single
crystal, sapphire or the like. Such a brittle
substrate 5 may be used as a panel for any flat panel
di spl ays (FPD) such as liquid crystal displays, plasma
d| splays, organic EL displays or the |ike, or used as

&@éﬁ;; piidendector t@fmﬁlal be
vva r%ghgstrate %Sngﬁg%n%?rﬁgdgggrsechl ps or the lik S may

seached @ essurfice! bfswghoa beittle snbstrates drfberembetded d:hmem

a 10 perpendicular crack will now be described, but

t heyThe enatetiahefithe beittle subsirate inay e aglass, atmntered ceramlcs
present invention. Reference is made now to Figs.

artidleja silicont single erystalpsapphien ot thelikeex Hshea b@tttlers&bstrate
i nvention. The invention provides a nethod of an

mRyabatuseds as at panel1 fon anyeﬂ@hpanelr dil&ﬁi@y-‘b :GFBD)asu&l as liquid
contlnuous per endi cul ar crack al rede er ned
exyistal; digplayheplasma 9@3@% Slisplays |F , or used as

step of |rrad|at| a | aser bea ontoabrlt

3 GRIAMIcE UbsHAlR faenm@édc nsers, Phed p‘gﬁfefoﬁu'asﬁatﬂ for
heat ed duri e intermttent novenent of a
c@’@?ﬁ’c&“ﬁ g}ﬁg Cscribing line and relative to
the rittle su trat At th u
SO 5| 1o ot pGRrAS BREHER, dRrelh, fp form a

cool reglon

BSrmefRiqfiaf R@%&“ﬁﬂ% ?1%5’? #@.@egﬁhsggg@ggghe%w f£Rint to restrict
perpébﬁ’g I Cu ar ETac ﬁvgﬁtbpoperau on for form ng the

he unit operation may

Consggf erthcé *igeg&{ howed Fig: 25 8 SPehidl iflasHaRotR émbodiments

heat spot an e subseq nt step of formng one
@bﬁ ngft éem‘}eﬁtﬁﬁuptlon of the irradi ati on of

aser am perpendi cul ar' crack is neant herein
to dTﬁ@t ﬁn@elﬁfcﬁpkpﬁﬂid@sil aomethddpefpandi am apparams for the
the surface of brittle substrate, and it may be an
invremientsl folmatioar ask,a ocontimmess bpgrpendidilar ooeadkhaalong a
is either conplete or inconplete
predetermined scribing line. The present method does include the step of

irradiating a laser beam onto a brittle substrate to produce a heated spot as
the part of a heated region, during the intermittent movement of a laser
source along the scribing line and relative to the brittle substrate. At the
subsequent step, a cooling medium will be jetted onto the heated region so
as to produce there a cooled spot. These steps constitute herein a principal
process.

This process may be composed as a unit operation for formmg the
perpendicular crack, and the unit operation may consist of the preliminary
step of forming one heated spot and the subsequent step of forming one
cooled spot after interruption of the irradiation of laser beam.

The ‘perpendicular’ crack is meant herein to denote a crack extending

- 14 -
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to divide the brittle substrate into parts. Figs. 1
and 2 show a process for form ng a conti nuous

perpendi cular 5 crack along a predeterm ned scri bi ng
line. As seen fromFig. 1, each of the heated spots 10
formed using the | aser beam does generally extend

al ong a | ongi t udi nal center line b to have a nmjor

| pﬁﬁkég&&l:éﬁ&lfo ?lﬁéusﬁ]pr ege erm neﬁﬂgcr I I%dj trl%%ylﬁsg]a%tmglﬂble

b]iﬂc? %Eaager % 6 sit Rigibidpe Mt eeeﬁheﬁmlwbr ificomplete

ressive stress (sc ically

tdﬁ%@ﬂ@bﬁﬁl@ﬁﬂ)éﬁf&ﬁ%@%ﬁﬂgﬁ that is much stronger

in the direction of scribing line S than in another

di reigki anmwpmcdsbefmtﬁmmmgca ¢entinuode ezpendicular
the tines of unit operations repeated at one and the
crackalong e predeteciningd scribing lihebe formed using the

| aser beam at a 15 mininumenergy level that js,
necAs seery from Figf 1 cacinof the bﬁ@@%cﬁspoﬁﬁé ﬁ%ﬂ}%’fﬂﬂ@& the laser

oieion Skt itodiniffs S i

ool s 3G Sl R A il e
' "&sp&bmgjups NS STERAEIE | orgi Cudinal |

Sé ot sBepg of cchhehied shob 0 will BERSteAS aoffffitve stress

LB ST P e T I ol Sefbmer in the

e s

SPO%y obdet to  fE%ense \tHe 3imak ﬂﬁsﬁnﬁf@&ﬁubﬁslre kated 8Cene and

a mninmum I cl ent anpunt cool i ng diumis

tt_Fdl E&lﬁ:ﬁgra%g%@egﬁ@% '(;S?%%efb il beOfcrted upimg tthe tlagee deam at a

O wll cool down the heated spot

mkRimwhd RGiekgy TROEE Ihat |isy nev@sshiy daridvesufficiemgtorepboduce the
perpendicular crack.

Subsequent to this step, a cooling medium will be ejected to the
already heated spot 10 and vicinity thereof to form a cooled spot 20, thereby
quenching the former spot 10. Usually, the cooled spot 20 having a
diameter ‘C’ is disposed on the scribing line ‘S’ and generally middle region
of the longitudinal center line b of the heated spot.

The size of cooled spot 20 as well as quantity of the cooling medium
used are designed such that thermal equilibrium will be recovered in and
around the heated spot 10. Any thermal imbalance is thus canceled
whenever the unit operation of forming is finished for and at the spot, lest
any residual stress should be left. Since a minimum but sufficient amount

of cooling medium is ejected onto the heated spot 10 and vicinity thereof,
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As will be seen in Fig. 1, the form ng of the cool ed
spot 20 causes generation of a tensile stress
(schematically indicated by solid arrows) that 5 is
strongest in a direction intersecting the scribing
line °S at a right angle. Consequently, a
differential stress appears in this direction so that

. . . L 1
e SRRIGESPLr 20 MHILEGH AR Bato® SR 10} wilioug unnccessarily
whsting oot higdiff@ck having the unit length L
correspondi ng To each cool ed spot 20 will be referred
to hgs eviibbeeseensira Rigi 1, the formifigrof € cobledsppb 26 causes
of producing such a unit crack n along the scribing
genezatich of antensilerstress (@chematicallyl indicased byhsolid areows) that
generated across the scribing line S . This is |
isstrongest ity aodirectiom intersenting thexserjbing linen S 1t right angle.
l[ine S wll not contribute to but wll .rather .hinder

Gopseguenkly; ronliffesentiabrirasy appeers: i sthis ndirectiongo that a
Svorsclshli ek ob Sahghedl Lo e i ket with the
SoRbias: rhary y ThSRebRdiPtas, Girck hafhedbe, poit lgpsth L
SRR o RS UREISY S 40 DB Al etB 6 2 i

hrgﬁged spot 10 produced in the invention has its
& " udi nal center line b across the pr edet er m ned

scr il ' = e y i hi
2| dofbe, plfpose of pROBLERE, SpelfMpit a4 MR Weboribing
R Sigh! ea.n} ifenkivel ditfferfifal "@résst QhBﬁEp‘Bée I%Eﬁ&ratEdt across the
crack h. 1n the invention, every crack forMmng unit

abij wWel | g ' ffeferftitd Nsties¥aligied with thi
tEatlﬁg lﬁ(iebar%d s'g'g%sc%bibgﬁ%%%ncgﬂggei rradi ation of ;an °
ligeers’ kaRMnotediiribRd® 10 bt sH#t rgther Yhinder any crack from
contrarily the laser beamis irradi ated continuously
éxtepdiigodlesigehiy line.16 10 while noving al ong the
scribing line "S, then this spot 10 will assune a
st rilpethe kewenhahat eb dngthesgrior aiti systems any rheated spots each
line S . In this case, . )
having a longitudinal center line along the scribing line ‘S’ are involved,

then an extraordinarily intensive differential stress would be required to
overwhelm a differential stress naturally appearing along said line ‘S’.

In contrast, each heated spot 10 produced in the invention has its
longitudinal center line b across the predetermined scribing line °S°,
whereby a laser beam irradiated at a lowest possible energy level and for a
shortest possible time will suffice well to produce the unit crack n.

In the invention, every crack forming unit operation will be carried out
in such a manner that a heated spot 10 is produced by irradiation of a laser
beam, while keeping it stationary.

If contrarily the laser beam is irradiated continuously to a heated spot

_'16_..
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such a hypothetical heated spot 10 would fail to
afford the advantages of a heated spot 10 proposed
herein to have its longitudinal center line b across
5 the said scribing line "S . After the formation of
cool ed spot 20 is finished, the next area to be

irradiated with the | aser beamw || be determ ned.
tRY sefib eSe atheingMis 8p6t 10 will assume a
@J%{:es& vel y°i rcr,ﬁ,%l ated w ﬁﬁ he 1aser beatr,n

SiecHR® shape eloAgatedein Rligaaidrtedithe thiscking h‘s I\MIn this case,

adj acent perpendlcular uni't cracks n each of a unit

siest0h thypothetieed heatéd Spori0 woald fiil ty dffcrd<thie advantages of a
seen in Fig. 2. Any noticeabl e cl earance does neither

hedted \spoe 10epropesed Heereisto hdye dtsntongitudinalacenten lineob across
they do overl ap one another by half a unit length 15

the said acribingelineéShext area to be |rrad|ated with the

| aser beam [ s determ ned _ as nenél one t he next

un| tAﬁﬁé eiformation eb saelack spat @rlﬁ ed, Hg next area to be
ations ti nt.erval. tmeen the start
a@@eWi'hﬁ-&‘EaﬁefsWR{'ﬁb dete IF‘HRF of succeeding

one 20 ra

f bl
f ronns % RhGws: &1 st of hess ey shabArS spfCedsTYEly irradiated

EP ons MA|| produce a perpendicular crack "E
ﬁb G P& cessi ve unit cracks n that continue one

fro@%ﬁ#’i{; } tfiﬁsg%?éé ﬁ’r Liﬁ{ﬂé:ﬁe{&l oﬁét\ﬁw tl§ % 4 +adjacent
Rt Sy R 108 105 o ity

?{%ﬁ 1?%?_/2 ne fhgy gggﬁ“ﬂpfggl ons Wil | be repeat ed a

everal tines changi ng the position of

eaChAﬁﬁohouEBéﬁe BldarhASe AR GleitNel | iMiervent? betwekHethe two

near e sald side edge so that the perpendicul ar

?@Ent Enit PRI’ A aﬁoﬁﬂld)ﬂ”@o *olvleﬂapeoﬁel habtheir &y Balf a unit length

owed to grow towards centra
or more.

Once the next area to be irradiated with the laser beam is determined
as mentioned above, the next unit operation will commence. A period of
unit operations, that is a time interval between the start of preceding unit
operation and that of succeeding one, may preferably be regulated within a
range from 0.01 sec to 0.1 sec.

Repetition of such unit operations will produce a perpendicular crack
‘B’ composed of successive unit cracks »n that continue one from another
without interruption, as shown in Fig. 1.

According to the present invention, if a start point of predetermined
scribing line ‘S’ is located at m adjacent to the side edge of the brittle
substrate, then the unit operations will be repeated a few or several times .

without changing the position of each spot. Thus, a trigger notch will be
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m ddl e region of said brittle substrate. Such a
repetition of unit operations at a fixed position for
irradiation of 5 |aser beamis not only done at the
| ocation m but also may be done for any desired
portion of the brittle substrate. The nunber of
repeated unit operations wll be selected not only
REAEH NGedtn the SsA1At SidealedgRdke! thathilsk Sérpefifiddlar crack ‘E’
rittle substrate but alsotaking into account the
dititing nBe drittley shibstrateaise hllooad sougosv tbwards a central or
referably, each heated spot 10 may satisfy an
middieateigion oP saidebrittle substratki ch a denotes the | ength
of longitudinal center line (i.e., major axis) of the
s potSmgh brepetition of smitioperations at aifixedipogitior for irradiation of
t hi ckness thereof. More-over, each cool ed spot, 20 may

laser begmaiscnotamly rdoneant the logatiog r, bup alsoymagyi be doge’ for any
denotes an apparent  dj ganeter of the_spot 20 if jt is .
desitady orHon) of thei britde wﬁ-ﬁeatsme'm%q@m%pr caf viepeated unit

r rel at,i onshi 0 < C«< 2t between.th

deri v, f

OBSTAHONS, ¥ Itﬁédsql@t.edppgg. 1y, AgPandingy ofh fzawat%ﬂﬁlf and/or

p SRR TRE 8 fuflsy SSburtie bt Ao ATkBL R AR IR outpur
ig. 3 i ig. 3, th t 1f

%)%gy ﬁgv%]ﬁ%f%gé%@%%ﬂ'c{hl@:g crack goﬁgfﬁggsug I asg:

b ; ot : . : ; _

becpidl gl dsth HEASE ot 10RAY ARSIF fkaSHEH(PR o < 4 in

Whtch & &&?&bﬁ%&‘l@% Bf lonpRudRPd '@nter link! (Y., major axis) of

conprises a laser am  trafsportation means 6 for

i fdiofdohh ritfle v SibERAR, Swifll 3f | déhdting hehePrthi¢lhfess2 Thereof.

substrate, and a controllfer 7 for controlling all the

N8 sovetd eh@pdooleiddspdt 20 niay SAESE othBe indduedity! tﬁh'fe)fC <al2

driven head 5 shown’in Fig. 3. As'seen in Fig. 4

i Which hE€adehows il apparent ldiametdrrofide spotr20Lif it is 18garded as
and a plurality of beamsplitters 12 designed to

dicricle. t Thekaswo inegualitiemwilhdetivers futher rélationship 0 < C <
reflected rays and transmtted rays at a given ratio

2f between the parameters ¢ and ‘C’.

Figs. 3 and 4 show an example of the apparatus provided herein to
form a perpendicular crack.

The structure is illustrated schematically in Fig. 3.

As shown in Fig. 3, the apparatus 1 for forming the perpendicular
crack comprises a laser beam irradiation means 2, a cooling medium
ejection means 3, and a driven head 5 having a drive unit 4 for the
preceding two means. The apparatus further comprises a laser beam
transportation means 6 for shifting the driven head 35 relative to the brittle
substrate, and a controller 7 for controlling all the means and head.

Fig. 4 is a scheme of the structure of driven head 5 shown in Fig. 3.

As seen in Fig. 4, the driven head 5 comprises a laser transmitter 11,

— 18-
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the former to the latter. The driven head 5 further
conprises shutters 13 adapted to transmt the
reflected rays fromthe splitters, respectively at 5
given timngs and for given periods. Each of optical
devices 14 also incorporated in the driven head 5
wll regulate the |aser beamfromthe correspondi ng

! Slurdf3t spIRtesrsi 12 dekipgiedetoriivide the desér beam from
éﬂgtg’e of ggchBtét%%?ed spot 10. e head 5 still
fhe tragsmireernl 1 fee eflected raywand transerittedirays B8 o given ratio of
regul ating the function of each beamsplitter 12. 10

e foms@r té tan dattert erTHe driverf head Safipritketh comprizesgstutters 13

| aser generating a |aser beamw th a pul se frequency

adaptstlaty eransniit rthe reflepted reaysofvore the splitiessyzrespectively at

have a pulse width that is adjustable wthin

givem gimingssand t fprogivere periadsan Baghy @ @EEP@@ dexijeps 14 also
In,this

ii%%%éﬁq?' d &%Eﬁgﬁﬁgﬁgﬁ rurggefaif‘n%ﬁt\ﬁ'aﬁsg.b&anasﬁom the
leg@‘ﬁsm ings T qbqag ?o ggﬂ%ﬁec tdggwﬁ@ﬁﬁ: Eh?sﬁted shape of
SRR L -
R I

?XPnghgﬂasc‘egﬁ;'agﬁgﬁigtege%W e %lg B T ggﬁ?llﬁer%%neratmg
B85 9 A g syt 0
200 men%‘ Have'h atlulﬁ?é‘%@e ¢h thet f)adustdble iwithin al range from 0.01

the adj] a&cent amsplittérs 12, and/or the

99@&99 1 Be®Odtlan Su%jiﬂ'e‘ﬁe 16velnadjastabiewithiara ranmgefrom 3 W
to sel'éct a distan I ch the adj acent unit 25

€6 2GS WL OVEY Ithix Qﬂ&eﬁﬁoﬁb qsulsé\svaﬂmm usnaliyg relgvanbeto radio
| aser beamirradiation neans 2 conprises a plurality

fiequeney aeedesi fnedrtozczjmmwomm ftore mnotherser beams
through the 9 optical devices 14 shown in Fig.

and Bach dpticab xietvictea 14usseapable ofregulasisng the lﬁﬁ@rlhﬂam rays to
ej ection neans 3 conprises a(fm;Jrallty of et nozzl es

de dfoany desired configuration and dimension of the heated spots 10, along

the predetermined scribing line ‘S’ on the brittle substrate. In detail, the

—

ratio of major axis to minor axis of each heated spot 10, a maximum major
axis, and an angle 6 at which the major axis intersects the scribing line ‘S’
may be adjusted using such an optical device 14.

The mirror moving mechanism 15 will enable the change in interval

- between the adjacent beam splitters 12, and/or the change in posture angle

of each beam splitter, so as to select a distance by which the adjacent unit
cracks n overlap one another.
As shown in Fig. 3, the laser beam irradiation means 2 comprises a

plurality of laser emission nozzles 21 that emit laser beams through the
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jetting drips of the cooling nedium The fornmer and
|atter nozzles 21 and 31 are respectively conbi ned
such that "N wunits 51 each conposed of one 5 nozzle
21 and the other nozzle 31 adjacent thereto are
arranged in arow wthin the driven head 5. The |aser
beam transportati on neans 6 can nove the head 5

é}ﬁ?@gn%éﬁﬁe% Iy §ho€)g)?/ dﬂl‘sﬁi ofl 8] o thel biitle dubstrate. The

rrections 1n the scribing line. The

' nUefet8bn MAEZhES cdmpryess iy afrjet hogzles 31 for
@ggi ﬂ%ﬂ%t e% in the pri?]?ers Meyl i Ee, and

jeking aeipsref tectootingmedinm. exThel fermer emdelattes magaies 21 and
or ITquid nitrogen. The cooling nedium _may

31 taee mespectiveli combined sughdhaf ‘Bianits 3hegeh gasopased of one
Wi th any gas such as helium air or_  carbon di oxi de

fitezle @i antl the otheomnarde 3lhadjaseat thesstoigre anapged in a row

means 2 through 15 the drive unit 4 so as to regulate
wmtélm@hmduvcni@ad‘ixr heated spots 10. In detail,
I

| aser beam wi be em tted spontaneously fromtgg thgr head 5

| aseFheniaser oheamo AFARSPOFtaticn ¢ gEAns | O (G4 QY.

Csrmaiantly ot ahy AebRA RRtOL EEBESE TR ks Affctiops inclgding the

sbpglingo The: SGolHe MGl jel HEAES A1, fha e YPHY ink jet
R idR SRR i blinagrf 6 (RS SRR ing Hhedium may

RE-EFAI0BRObe .y el ahfihGREC ofIRARD MtroheyBThe Wooling medinm

@@&%@?‘é‘?ﬁg’%ﬂ B iy iixelRBSPERE ofthblie lieRide stidodngogas such

produce each of the

Rﬁ?ﬁ##&%@fcm&uﬁ% n, the nunber thereof being

adj acent unit cracks n that are produced in

seqUERE ofitidlled Toroienastioilie laser bemnhieradiatioheneans 2¢hrough
of tinme but before -20 Iong. Each cool ed spot 20

dhie dave miiddrsd heno tregulate the formationtefatNyhepted spots 10. In

detail, laser beam will be emitted spontaneously from the ‘N’ laser emission

nozzles 21 to form all the heated spots 10 at the same time.

Subsequently, the controller 7 will command the cooling medium
gjection means 3 to jet the medium simultaneously to and around all the
heated spots 10. The cooling medium jetted from the nozzles 31 will thus
form cooled spots 20 superimposed on or partially covering the respective
heated spots.

A difference appearing between the compressive stress generated in
each heated spot 10 and the tensile stress generated in the corresponding
cooled spot 20 will produce each of the perpendicular unit cracks n, the
number thereof being ‘N’. The adjacent unit cracks » that are produced in

sequence will grow to adjoin one another in the course of time but before
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10 so that heat of vaporization renoved fromthe
latter spot will cool it down rapidly, thereby
recovering thermal equilibriumin a short tine. 5
Since "N spots are produced at once by every unit
operation whose period is T, an average or overal
period of form ng each spot will be TIN in this
gﬁggratus 1 for form ng perpendi cul ar cracks.

ubSequent to the ink jet type ejection of the cooling

medi obtP t i HEOtHRAhe :

air- gggpi%r? g m %?t' on%choylgglg 10 ap pﬁégsﬁlﬁgs}é&m spot
1005¢4haP Bk of %g%ﬁzl%ﬁﬂ' fandVed fR6in e Tafter spot will cool it
apparatus 1 may repeat the unit operation for

dotetl fa?ﬁélw theteb? et Overing thermakequilibiiten it ahetiort time.

t hereo bei ng and each fully penetrating the

t hi cBimeces ‘Nf sEbts are Ptdxmeatbat romice. by leveryiumit aperatibe whose
"N unit cracks n will be connected one to another to
peripddsi ‘T2, a averagecosovetalhpetiod of formingieach spagmwill be T/N
of cracks, whose length is LxN (showmn as N in Fig.

#) thisfapparatuy il fgr forming perpendicular ¢énecks.r oke ahead,

a second segnent of cracks whose length_ also is, LxN )

( shownbseguent ton the ginkzyetatype (Rjeption ok cd’lﬁycm rgedium, a
the simlar spots on anot her area pof his brittl

§%BF%$1W}§OM weu ﬁp@‘fb&)eﬁ% 88 Wrrgoalng e@_@yt'aéﬁiﬁonaﬂy be
gﬁé dtéf@quﬂgaggpg%. S(éggf;t :t ?gﬁgﬂg? l\lhel gpggr at us

o oPSeBhnie, Lo R RBoBD bbafius 2L Bl 9" wnie
bttt Tor yRRuaRRotly” FORRE SEIF iAok, 1, hiimber thereof

BEIRETE, Lﬂﬂléh GAE R Mt i b MickBa b the BritRe substrate.
PPy e PR FackdFAUIF Y Eonaftud bl @ ancther 10
PSS 0 e SR a it SepheAEE g i engt
P0Gt sRbm & M, ik Fig. B3t r aAfier theviper fhey dEveR Ifadt Homne stroke
apparatus in this case.

ahead, a second segment of cracks whose length also is LxN (shown as N,

in Fig. 3) will be produced by forming the similar spots on another area of -
this brittle substrate. Such a unit operation will be repeated until the
number of segments becomes N, in an example shown in Fig. 3.

Every stroke of the apparatus produces several (‘N’) heated spots at

once along the scribing line on the brittle substrate. As compared with

. employing one emission nozzle 21 and one jet nozzle 31, this mode will

reduce the number of strokes for processing all the required areas, thus
remarkably accelerating the forming of perpendicular cracks ‘E’.
Amendment or adjusting of the operation may be done as follows,

when the predetermined scribing line ‘S’ is located near and in parallel with
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If the scribing line 'S is renpte fromsuch an edge,
then tenperature distribution will sufficiently be
uni form across such a line. 5 However, tenperature
distribution will becone considerably asymmetric with
respect to the scribing line "S, if it is |located
closer to the side edge. Perpendicular unit cracks n

L ' ' : ' ave their ends offset
%&é{’?@%gc&g?ﬁgw‘gpﬁgﬁg%g#?om the predetermned line
" S | ' e :
will F?- 'Zsre oreaqémgfeféet e 1%QSEF§B§BErat | %ﬁpiﬂﬁﬁ%{%ﬁgé'
evenyf tﬁeﬁlscﬁlbiﬁFSHﬁé bEnds rémodte FromOsilch B8 ddpeaithen ms?iperauue

and in parallel” with a side edge h. In detail, one o
diwtribacioarwilbsuffviently beqirifeim alcrossduvh 4 lime. b of

each heated spot 10 is located inwardly away fromthe
edgeHowewdr) ttbmpetrhftiresedistribitionngwill Beeomevarebnsiderably
sector will be swing backwards (in the sense of

asymmetnienwithi respectaio thie sopibingtling ‘S if § snlgpicatesd olosdr to the
the point at which center line b intersects the )

side pige. | Pegperslicularhenit .eracks anprodueerd dni thisaease will have
h&hq"’igéﬁﬁéh bér?ths'gﬁi‘qw”%%@f’?i e;}%‘i*@«? a%%ﬁ@& e epéﬁi.nh ine S".

| - . in Fi.g.. 5, .
| e beicamitalissc) bulbist e Breseat ROPEMGHR Wil shpieteRk grodify the
bR e Sl 1 lbiag o b o osted nea
AR 3) DA RSt et A i opBShE Bh& deblgrs of each
WipdiRlohe Bt S GLERE b fodf P03 16chieR Bty away
) , q , : .

A 354 S4B e ik SEGRK oot 1988 Lyl Sector wil e
A, Bt RO AR g oS fcenttt &igeBfion M ppparatus) an
aﬁg@ﬂf&ﬁw the pUiRE 5t fich ckAfetdine §l tdiSedts RHE GRHbing line ‘S’.
ustng I1n -22"a nodified manner the present nethod and

Thedaséibearhiiiftadfation fd gﬁ:@@aﬂﬁtﬁyﬁaﬂ@hﬁs Qf amb 6rwill de ordered

for form ng such a curve
to repeat the unit operation under such a condition.

In the right-hand one of examples shown in Fig. 5, the inner (left-hand)
sector of each longitudinal center line b crossing the scribing line ‘S’ near
the right-hand edge Ar is retracted back while the unit operation is repeated
in the direction indicated at the arrow. Similarly, the inner (right-hand)
sector of each longitudinal center line b crossing the other scribing line ‘S’
near the left-hand edge Al is retracted back.

The unit cracks » produced in this manner will continue one from
another to form a ‘straight’ perpendicular crack ‘E’ following and
coincident with the scribing line ‘S’.

A ‘curved’ perpendicular crack may alternatively be produced using in
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but perpendi cul ar crack. The apparatus 1 as fully
di scussed above nay be enployed to produce 5 the
curved perpendicular crack. In this case, its
controller 7 will work to produce such cracks along a
predeterm ned curved scribing line 'S" whose tangents
change their direction frompoint to point. For this

@% wusettssd ¥8d lappardtugi nal center
?#&es %do egt‘ggﬁsﬂgg?s 10 i s desi gned to intersect
at Figl @illeseites aheecanphs pfropergtipni for forningesucl a curved
as shown in 10 Fig. 6. The controller 7 will comrand
utepérpeadicatarwrackj ecti on and transportation neans 2,
3 and 6 to repeat the unit operation in this nneyr .
Sel €Ehedpparatus d asefully discnssachabovp szl beremplayed to produce

into account the varying radiys of curvature Y., be,
theecurvedoperpendicndar crwf(ni tla this case, 18 Gomraliery/ sl work to

| aser beamirradi ation megns 2 ,anq one cool.n di L,
podacecuichiemelnalong aipedetarminad Qived sorigigs dine 'S whose
SaEgris dunad D disocrion thm. b PO °LF! o Hible, cach
of s Buccessie nsan@titelr oatef iihef b B ey S0fs £0 is K@signed

. . L e ’ '
B0 Rk A e R the eSSk, BELACG: Bhe ST 8 shown in
Bl B SFoUb e 411 Eomiha "B, Badiaion, cjecion and
o a2 e SaPRIC I et manner.
bri tSEﬁcﬁH)ﬁEfé‘zg lSéZlgSﬁnCﬂie anst sp¥AItish takingt heto account the
ot hers al ong. -

CLAIMS 1. grrethod of Tormng a
Q%ﬁﬁg%ﬂiﬁﬁbf eLPPdturd MaPid bhe Gruhsdread®the t'Ne units 51 each
nmetno

conprising the steps of: 5 irradiating a |aser .
ESﬂl?rB'ﬂﬁg’ dneeldRet Heagn Sradiatire meamny 2aand eose @oolingdmedium
scritbing”line so as to cause the |aser beamto produce =~
gjectionsheane3 heDigftrent one or ones may be selected from the “N” units

51 for different areas to be processed by the unit operations.

The unit cracks n thus produced will successively adjoin one another
to provide a continuous curved crack ‘U’.

In summary, the present invention provides herein a method of and an
apparatus for forming any desired perpendicular crack in a brittle substrate
that may be a semiconductor wafer, a glass plate, a ceramics plate or the
like. In any case, the perpendicular crack thus produced should enable one
portion of the brittle substrate to be cut and severed from the others along.
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spot, and subsequently ejecting a cooling mediumto
i npi nge on the heated spot so as to forma cool ed
spot, io wherein the preceding step of formng the
heat ed spot and the succeeding step of formng the
cool ed spot after interrupting the irradiation of a
| aser beam onto the heated spot are conbined with each
IP constitute a unit operation, so that the
cooled spot superinposed on the previously heated
spot is effective to restore thermal equilibriumin
and 15 around the spots. 2. The nethod as defined in
clai m 1A whethed oft frnhie! & perpehditataricrackni bUSHAR! substrate,
center line intersecting the predeterm ned scribing
thenmethed eoniprising the stopsl of: of 90 degrees. 3. The
nmet hod as defined in claim1l, wherein the unit
oper aradiating a |afercbeainoonto the britdetsubsirate alongpa predetermined
the perpendicular crack of a unit length alon%athe
scnibinignline i socasvito Icapsedhediaser beanr to predece s ricast ome heated
a direction of its thickness and at one area of said
$pot and substrate, and thereafter the unit oper ati on
is repeated l,east one re tipe at another area of
Sai OWMCAPERLY ST AL g medduayia Hapmgeendhe heated spot
wher e Eeated Spots are to be forned, so 25 that a
$Q A8 A@10 £e 5pat. crack thus forned and al so

havi n the it Ier: oes tinue fromthe fir
nment (253 KPIECE c:r5 ?f éfl nh SPO and the

S5 i sl Mﬁﬁqﬁsﬂé@% afir difrfiidite fnd Srbdiasion
éﬁ P Brddcole, WK Fdlns P ol CERBiERCRRAA ek other to
p0| nt q(ﬁ%el ng T ‘e{):g%ﬁg% hgsgir %tﬂs‘% gg’o%e gtgﬁgt rkﬁlﬁ’a.lglrﬁlns?ﬁde on the
P e PR ve b TV 08 (e efbloriym in and
Qﬁﬁﬁxjﬂﬁgﬁknihan the correspondi ng heated spot

2. The method as defined in claim 1, wherein the heated spot has a

longitudinal center line intersecting the predetermined scribing line

generally at an angle of 90 degrees.

3. The method as defined in claim 1, wherein the unit operation is
conducted at least one time so that the perpendicular crack of a unit length
along the scribing line will penetrate the brittle substrate in a direction of its
thickness and at one area of said brittle substrate, and thereafter the unit
operation is repeated at least one more time at another area of said brittle
substrate and changing the location where heated spots are to be formed, so
that a further perpendicular crack thus formed and also having the unit
length does continue from the first mentioned crack along the scribing line.

4. The method as defined in claim 1, 2 or 3, wherein the unit
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previously fornmed, mainly due to heat of vaporization

of the cooling nedium 6. The nethod as defined in

claim1, wherein each cooled spot is 10 formed by an

ink jet type ejection of the cooling liquid nedium 7.

The nethod as defined in claim1, wherein paraneters

for designing the heated spots are radi ation energy

k $8rsfin ebpenticul A @mekas depeaied afent or several

iafith Tor ouBing TR perpaidicul ks

e nethod as defined in claim3,
tities evbghba cﬁﬁn%sing fHeapositickb ofdiewted andecooledaspotseat a start

per pendi cul ar u cracks is given in relation to a

ptitht of ehetptedbternfined sbribing Aine, adithdthe starirpoink being located
operation’in the direction of scribing Iine, using an
neweend sidy edigé fth®brittle sabstrate.net hod as defined in
claim2, wherein an angle at which the, |ongit

di na
cent®r Theemethathas defined ivpelaionds Wherein Lac FPE t!he cooled

predeterm ned 20 scribing line_ in regi on_near o
sposs coversapdeerplsfan [@Ees dagger han; @%ﬁgla‘smonﬁﬂgbéﬁfgd spot

changed. 10. The nethod, as definedin claim.l. 0 ;
poeaiasly | formed, BIGBUL oA A0ARERT (¢ 1gBPTABtOY°PEcthe, gooling
negr any side edge of the brittle substrate, then the
W§HYHPudi nal center line of each heated spot is swing

't dos ot ERETGE abfhBed 1B CRub1T PR géikﬁic%fﬁlﬁd spot is
e by 351iok Tof 8 APCPRSH BETCRIAE g SRom, | 10
diregti 0121[5 f %E}Léd 1 U R IO aith ¢! eRYefdifi parameters for
per pendi aPCET Sk en I'ng to becone curved near the

@%Sﬂg‘p mﬁ}en %z&?g ﬁﬁéﬁ ﬁfvﬂaﬁl‘ﬂﬁ?ﬁéﬁ %h@r%aﬁn@ Juraglen of laser beams,

t he predeterm ned scri bing

%%%%uwormﬁkmqleﬂﬁe@%d)@ed in claimil, wherein

operation is 5 conposed of the preceding )
st epgof 'err#étﬁaa%Idefﬁwdﬁiﬁgcni:mbewhmmom’ resaedistance
t

spots an e succeedi ng step of sinultaneously .
berweditichews adacent perpendicular unit cracks is given in relation to a
unit length ‘L’ of each crack produced by one unit operation in the direction
of scribing line, using an inequality: L/2<D <L.

9. The method as defined in claim 2, wherein an angle at which the

-

longitudinal center line of each heated spot does intersect the predetermined
scribing line in a region near or close to any end of the substrate is capable
of being changed.

10. The method as defined in claim 1 or 2, wherein if the
predetermined scribing line is located near any side edge of the brittle
substrate, then the longitudinal center line of each heated spot is swung an
angle about a point where this center line intersects the scribing line when
repeating the unit operations, so that an inner sector of the center line is

retracted in a direction opposite to the advancing direction of unit
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number "N of cool ed spots after interrupting the
irradiation of |aser beam onto the heated spots, so
that the unit operation is conducted at | east one
time in order that a series of perpendicul ar cracks
each of a unit length are 10 forned at once in such a
manner that this series of cracks have an increased

pesibrsy Hnety, B¢ @??@e#@cﬁﬁgﬁ%{%%@%@ﬂo%xﬁé cived near
penetrat‘fqgg #"’rgﬁhé% e caly D miad) 5‘%@?. alignment Wiﬁ}

ﬁﬁkﬁ&ﬁﬁﬁéﬂ@ﬁﬂ&ﬂﬁggﬁ@ area of said brittle

sub trate, and wherefn the unit operation is repeated
at | easThiSneiisodisedéfingd dh cahhe! whepsinothes ainit operation is

brittle substrate and changing the | ocation where

venipeicd wftthe precédinpestép ofsfimulianebusly foretingh@husber ‘N’ of

further series of perpend| cul ar cracks are forned to

heitedi spothand tHeesucceeding step lof rgintultemeonsbpofotming the same

continue fromthe first nmentioned series of cracks
auobhert N et eovledgspots aﬂaammupungrthsmmchsuanfofnbser beam
inclaiml or 2, wherein an inequality: 0 < a < 4t in

amicc they h@@tﬂdt #2015 1180 rHhpb they mit OPCERiON it goadustsst ableast one
the brl substrate, with t indicating the

Tt‘ﬂi’@F acteniessokpprneadicwar cgacksegach of moupitgngth are
tqr%aé‘faﬁéﬁgé PR %Saaéﬂénﬂn‘?%ﬁ% iFscoLOpeks Vet icreased
%1'\ Ot it S(tﬁf{]}_g%r{)a aﬁ?ﬂﬁﬁt Pﬁﬂt Qﬁgﬂaﬁgt Eﬁe(ﬁlong the
?cﬁi*‘@%eﬁn%d y %@19?1%%%%@?%«@&5 Fopek pipcliadf iy Sieh°a series
i b SRR 1% 00 SO OE By Al Bome area

OB Bhiflle sBfisttftEAdnd WABSIR KR B oot A0 it HEpeated at least
§he thife RirHle U ShOIREF drbe 'FOMidbHIAE Wkirald ARATERANging the

or novi ng the [aser beamre ative to
location where heated spots are to be formed this time such that a further

series of perpendicular cracks are formed to likewise have the in-creased
length may smoothly continue from the first mentioned series of cracks
along the scribing line.

12. The method as defined in claim 1 or 2, wherein an inequality: 0 <
a < 4¢ in which a denotes the major axis of each heated spot on the brittle
substrate, with 7 indicating the thickness thereof, is applied to the step of
forming the heated spots.

13. The method as defined in claim 1 or 2, wherein an inequality: 0 <
C < a/2 in which g denotes the major axis of each heated spot on the brittle
substrate, with ‘C’ indicating a diameter of each cooled spot regarded as a
circle, is applied to the step of forming the cooled spots by ejection of the
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substrate and along a scribing |ine predeterm ned
t hereon, an ejection neans for ejecting a cooling
mediumonto a brittle substrate portion where the
heat ed spot has been formed, with this portion 10
then formng a cooled spot, and a controller for
controlling the irradiation, transportation and

j ' : ns, wherein the irradiati on neans is
ggﬁ@%‘?&@?%l such that the heated spot has a

! 0”3’4? UdAﬁalagﬁﬁfEtﬁ%_ fdro Sﬁcgé ntifilar crack in a brittle
predeterm ned“scribing |Ine 5 substantially at an
gﬂggtgat@fc&gpﬂgg ees, and wherein the controller is
constructed such that the preceding step of formng

t he hnaireafliatioh mecinkshéors icradéatimg = tlapeofbdam nontp tthe brittle
cooled spot after interruption of the irradiation of
babstratbesanasotot provide hdretated spot theseen,conbi ned wi th

each other to constitute a unit operation, so that the
uni t azanspertationrmeans fobwmasingthedaserbsamngelaiive to the brittle
so that the perpendicular crack of,a unit |ength
substraterandsalongiassribing line prodetesmined thezeom,i tt 1 e

substrate in a directtJ on of its thickness and at one .
ar ea2f €jeatign, meanse foF giectinge a £ooling,mediim onto a brittle

S it B L b, g porion
e AN
o RS oS el BB o, g coction

Moned crack along the scribing line, with the -27

COA 8y spot superinposed on the previously heated spot

havi y i+|¢LAM

i avherfin fho Baditiblinkfud SLERA T GlcIPR MR spor
bl Mool Eflct B 15, prBRTAEN Sbrlting lne

seBtahtially ¢ vfiladglé ofSO dépreds) t operation for form ng
t he perpendi cul ar crack, w thout changing the position

of hgnd asheérih ¢l cottrobler is Aorstivicesd such nhavfhe preceding step
of forming the heated spot and the succeeding step of forming the cooled

spot after interruption of the irradiation of laser beam onto the heated spot
are combined with each other to constitute a unit operation, so that the unit
operation is to be conducted at least one time so that the perpendicular
crack of a unit length along the scribing line will penetrate the brittle
substrate in a direction of its thickness and at one area of said brittle
substrate, and that the controller will then give command signals to the
irradiation, transportation and ejection means so as to repeat at least one
time the unit operation at another area of said brittle substrate, whereby a
further perpendicular crack thus formed and also having the unit length has

to continue from the first mentioned crack along the scribing line, with the
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the predeterm ned scribing line. 16. An apparatus as
defined in claim14, wherein the ejection neans is
constructed to eject the cooling liquid nediumby an

ink jet type ejection 10 system 17. An apparatus as
defined in claim14, wherein the ejection neans is
acconpani ed by a suppl ementary cooling neans so that

cjoled s;%cm sepértmposed| ent theapréviomsly dredted ospetd hawing to be
the cooling neans will cover and cool an area |arger
gffectivehto testoredhermal equilibsiunringnsharonnd the spats.ned

in claim214, wherein the controller _is constrycted to ]
gi VES.c Amappatitys s defingdc in relpimadd, febegsin othep ceptroller is
the heated spots taking intqQ accoyn thel araneters
canstrueted 40i giveoeo signpls dor atli he eﬁa%fean%%? repeat

oAl e chenite prersiion, T £5PSNRs o iendinlar crack,
P Gour sheinittic oS of hefteicartl olet, 145, Y SHRF point of
gt SREBEE BB 700 3 ot T s BTy

1 GEIAH bidirhisaolhied in Shint 147 MR B A Bjection means s

SRURAIEA 5 SRl oGR8 epejecion

gst&gﬁh heat ed spot intersects the predeterm ned

cribing line. 21. An apparatus as defined in claim

14, 1phemgy gggd}anmm défihed ih tlain? §4¢ wisreirctirdejeotion imeans is
conmand Si I's to all the relevant means such that if
Adtbmpasieichy o sipplembhngy! cosling ineens esb thatr aftey the jetted
side edge of "the brittle substrate, then the
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constructed to give command signals to each relevant means to form the

heated spots taking into account the parameters such as radiation energy and
duration of laser beams, shape and/or intervals of those spots.

19. An apparatus as defined in claim 14, wherein the controller is
constructed to give further command signals to the transportation means so
that unit length ‘L’ of each crack and a distance ‘D’ between the two
adjacent perpendicular unit cracks do satisfy an inequality: L/2 <D <L.

20. An apparatus as defined in claim 14, wherein the controller is
constructed to give command signals to the irradiation means to change an
angle at which the major axis of each heated spot intersects the
predetermined scribing line.

21. An apparatus as defined in claim 14, wherein the controller is
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operati ons, whereby the perpendicular crack tending to
becone curved near the side edge of the brittle
substrate can be made straight in alignnment with the
predeterm ned scribing line. 10 22. An apparatus as
defined in claim114, wherein the controller is
constructed to give conmand signals to all the
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Irradi ati on means to operate satisfying another

{ ithe: s@me aumBér i ‘N’ Wi cholediespritesafibe immenupting the
axis of each heated spot on the brittle substrate,
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cracks have an increased length that corresponds to the unit length

multiplied by ‘N’ along the scribing line, with each perpendicular crack
included in such a series penetrating the brittle substrate in a direction of its
thickness and at one area of the brittle substrate, and wherein the unit
operation is repeated at least one more time at another area of said brittle
substrate and changing the location where heated spots are to be formed this
time such that a further series of perpendicular cracks are formed to
likewise have the increased length may smoothly continue from the first
mentioned series of perpendicular cracks along the scribing line.

23. An apparatus as defined in claim 14, wherein the controller orders
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heated spot on the brittle substrate, with "C
indicating a diameter of each cooled spot regarded as
acircle. 10 15 20 25 -30

the irradiation means to operate satisfying another inequality: 0 < a < 4t in
which a denotes the major axis of each heated spot on the brittle substrate,
with ¢ indicating the thickness thereof.

24. An apparatus as defined in claim 14, wherein the controller orders
the ejection means to perform under the condition that is defined with still
another inequality: 0 < C < a/2 in which & denotes the major axis of each
heated spot on the brittle substrate, with ‘C’ indicating a diameter of each

cooled spot regarded as a circle.
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