Specification Scribing Method for Brittle Materi al
and Scri bing Apparatus Technical Field [0001] The
present invention relates to a scribing nethod for
dividing a brittle material, such as glass, ceramc,
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Patent Document 7: International Unexamined Patent Publication WO 03/0101021
[0006] According to the technology disclosed in Japanese Patent No. 8210934, portions
on both sides of a line along which a substrate is divided are simultaneously irradiated
with a laser beam, so that an initial crack is created in the vicinity of an end of the



with a |laser beam so that an initial crack is created
inthe vicinity of an end of the 1 substrate, and
then, portions before or after the created crack are
irradiated with a |aser beam As a result, the
deepeni ng of cracks is accelerated, and it becones
difficult for the crack to bend. [0007] According to
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irradiated with two laser beams, and thus, a crack is created, and thus, the brittle
material is cut.
According to the technology disclosed in International Unexamined Patent
Publication WO 03/0101021, portions on both sides of a cut path created on the surface
of a non-metal material are irradiated with two laser beams, and thereby, a scribe line




According to the technol ogy disclosed in International
Unexam ned Patent Publication WO 03/0101021, portions
on both sides of a cut path created on the surface of
a non-netal material are irradiated with two | aser

beans, and thereby, a scribe line 2 is created in the
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i,n the fol I ow ng description neans "brittle materi al
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sedipaf thidestbstrate wharerhe lnsén lgpairomovdsarontinuwmslyeftiorp dhé back of the
A plying a coolant in the vicinity
pa%% plg% %ﬁqugc%g%ﬁﬁas been heated through
[0018} Ag sbewmin Figt1§, eeohpreesiorhetzens ig enesiefldn the glwtioa shown by the
brweamshﬂ twﬂg@e i Etpbﬁfbnsim%@/mtﬂbﬁted&ﬁfdmﬁh@ﬁﬁ&*ﬁﬁoh Jith a
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sumgrud mnllh:arlﬂ thet hemﬁtgnm immai ri89Swhich dasi leeni ivatddcthrough
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Accordingly, as shown in Fig 17, an internal field of compression stress 160 exists inside.
Therefore, vertical crack 130 is prevented from deepening straight in the direction of
the thickness of the substrate. For this reason, the deepening of vertical crack 130 is
limited to a depth of approximately 10 % to 20 % of the thickness of the substrate.
[0015] Fig 20 shows an enlarged portion of a photograph of one divided surface of the
substrate which was divided along a crack created in the vertical direction using a
conventional laser beam and exposed as a result of division, taken in the direction along




the thickness of the substrate. For this reason, the
deepening of vertical crack 130 is Ilimted to a depth
of approximately 10 %to 20 % of the thickness of the
substrate. [0015] Fig 20 shows an enl arged portion of
a phot ograph of one divided surface of the substrate
V\,hl ch was divided along a crack created in the
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laser beam and a non-irradiated portion not to be irradiated with a laser beam are
prepared on either side of the line along which the material is to be divided and along
the line along which the material is to be divided, respectively, and then, the portion



descri bed material are noved relative to each ot her,
and then, the material is cooled, and thus, a
vertical crack deepens and progresses along the |ine
al ong which the above described material is to be
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The irradiated portions are irradiated with a pair of beam spots formed on both
sides with the line along which the material is to be divided at the center, and each of
the above described irradiated portions has a long side portion approximately in the




at a distance fromeach other over a wwdth Wwith a
center axis at the center when the |I|ine along which
the material is to be divided is the center axis and
the irradiation energy between the two peak portions
is zero, can be concentrated along a | ong side
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The 1rrad1ated portion is formed of a pair of beam spots in such a form that one
circle or long circle is divided in such a manner that the longitudinal axis is along the
line along which the material is to be divided with a non-irradiated portion intervening
in between, and therefore, the corner portion in the above described acute angle is



internal field of conpression stress is prevented from
being created along the Iine along which the
substrate is to be divided, and irradi ated portions
where stress that is effective for creating a
vertical crack can be created can be forned on both

si des of the I|ne al ong mhlch the substrate is to be
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s reduced, when the w dth
coo g portion relative to each other along a lme drawn on the brittle
material along which the brittle material is to be divided, wherein the irradiating
portion irradiates irradiated portions with a laser beam on both sides of the line along
which the brittle material is to be divided and irradiates a non-irradiated portion which

is not irradiated with a laser beam along the line along which the material is to be



non-irradi ated portion is W and therefore, an
appropriate wwdth Wfor the non-irradiated portion
can be set, and thus, splintering can be prevented by
adjusting the speed of novenent of the |aser beam
relative to the substrate. [0026] (Configuration of
Claim12) [12] A scribing apparatus for a brittle
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brige materiglde to be divided, endtherefore cieation o e stiaipht, vertical crack is
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higlesigdrigaed cooling portion relative to each other along
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element fliralidding tholasérheath ethidtd fiomi therirratliating ppetiandnto two.

(CoitlRT et Ot | aser beam al ong the line along
which the rraté{?lgl is to be 7 divided, and the

cool g Peeferablefor thegeripingnpparatus i havers confaguratioe whergin the

irradiatifig \Woirtioh hdiCa 1ight blobBinfBh&hbed! foi Blotkinp & elintdrdsdttion of the
banddet%gggﬁa‘%r ey creation,o % straight, vertical crack

abpvg def 8T DeATy IR o P3hons for dividing a
(Cinfigutdtionrd Chaitmcl2) can be satisfied, so that the

qual it t 0 | wi ded sukfac .
. bec Q?ﬁtalé P g%faﬁng"nfgy P%egcgli@lgaa 3’ (] L%S‘rléj‘éochea aaswnﬁ%rﬁ%m wherein the
irradipting portion comptisps mntoptical eyst@n aidinstioy pertion fonredicinpihieavidth
W LD thd Aove QbdcPihBd nBRPRhAIR JoPtiliPUE oller Wﬁa%ﬁ%%ﬁbaeed of the

wherein the irradiating portion IS provi
laspr heam maying selativetodhe bﬂ?tl"am&??a"f%i ng optical el enent
BrieDDedtriptioh 6fthe Mrawifger beamenmitted fromthe

LRT agi ating,.portigon Lnto t Confd gur.ation of Claim,,
toaz6T *Fie s Kbishin dhpwine fhe phithenrt a5 915 Sif Blae aPREraps stobiding
to dreeanlmdiment iofthegiresent idventdony t he irradi ating portion

has f.l4 q r...o ' J

por ¢ 1152 Bk sy b PR BBbwinf o s e S Uyl epstom of
theisribing|apparatus (f&ig\li guration of aim22) It is

pr ef Rig@k 8 sbimdt R HFEMIhOVIn3RABIRE BRbd BmBAYEE o8 optical system
,guration wh n the irradiating portion

3 e
ol thp AgTiiiiag apRatatys o Lsystem adj usting portion for
reduEi'gﬂlg(s_j hideagra sHowidig ke fofi gﬁbb&/zﬁn §ui LS’ fofifled through sgribing
a-irradiated .portion in.ordec. f.0 increase.the spee
st (3¢ bRtk BSEnpR, e ko8 iRfiebith pRRT Eofittord
mat efigal is Brdisgrabestoming thenform ofhe chreentionsd Hea B0 fijot Fing the
: éhi&tfbnaen‘éi-ﬂ%‘ﬂ[’i‘b' i ng the configuration of a scribing
uTappar_at us accor gﬁﬁw to one_enbodi ment of the present
i nvefigiGip & diagram showing the form of a conventional beam spot and the
irradiation energy distribution;
Fig 7 is a diagram showing the form of a conventional beam spot and the
irradiation energy distribution;
Fig 8 is a cross sectional diagram showing a substrate and illustrating
“splintering”
Fig 9 is a table comparing and evaluating “splintering” which occurs when



Fig 2 is a schematic di agram show ng an enbodi nent of
an optical systemof the scribing apparatus of Fig 1;
Fig 3 is a schematic di agram show ng anot her

enbodi nent of an optical system of the scribing
apparatus of Fig 1; Fig 4 is a diagramshow ng the
formof a beam spot LS forned through scribing

%lq %qu&r?g‘é %%?rtﬁﬁ%%e@g pk&%&tnitn'vglﬁionabg% tLQ gnar ag’r am
s hovv| Fig XOrie afEhOﬁogsaPIaOﬁmw@mﬂé nntfam@pim using atchmventional
b %Wlﬁﬁemﬂﬁ&?ﬂ%'dﬂﬁ@d@&faﬁe' s a diagram

show ng the formof a conventional beam spot and the

ir rad?‘gtlilow % RB9tggragh of opg divided ﬂwfng%eda i H8igg fnbeam spot
achr@ing® thé pre‘sastrmeéntﬁnpﬁkwm {holidectiditalbsPrlle dvided Afface;

hut 8
cect | RAPCIIE PhbeReh hiriae et ind ot diriaed B ofs aypotrate
alosg(linat A4A ing'Fig A0Q glined wsingnlal @ncantimal hgamngpot; Fig 12(b) is a
wh 8 b
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t h e pfiedp(adisa pimtegraph Flsovanp hieg @ghfphe divided surfaes ef@pubstrate
Eﬂ%ﬁﬁ& B-Bai Fi%dllb!a.ﬁiﬁﬂ RBing aQRAMEHot Qaﬁl'd.l.la?ﬁﬁme%ent invention;
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n_i,n_the n alo . divjded surface:

K nbirleifontd BEEA4 RS Bnelibrsifiebentt 851 boieef B4 widfl w ot o
poztion Hbshoi noet maﬂmtthsmda:he ppeediofiecribing $;n Fi g 10,

gai nqqgg hm?m em@hy %&Far ﬁg How Bbes ik Fl@ﬂ%%@?%h% sQbstrate

hot o W ng g ortron o %
"gal"sr‘éeal icBack ip w&%@# T wr%g e 9fi he gubstrate fhg scanning and
uﬁﬂiﬂtﬂﬁdh& wfa%ffﬁe ﬁbﬁwmtvhﬂi ecoxﬂlemah 1d3er ReaBh;i N Fi g

|nve%353ﬁ“a‘ﬁ‘:h§‘%i§f eam s ot acgord g%gm'ﬁh vg{ﬁggrghbstmte

bycintaslisding the stbstratefwith g c&ﬁéﬂﬁanaﬂayeﬂ.ﬂedns imtlprsmpde manner as in
Rgwi ng the rel ationship between the width Wof a
ortion which is not irradiated Mand the | ength of
" spl iKig &7 is'a schemptic diagram showinglhow siress iscrepedwithin a substrate
by\’i?iaﬁthtin% tH0 bubdifAs WS4 cddveiiibrall fassPfGh f 11 Wahld fenrdr as in
I's a schemati ¢ di agram show ng how stress iIs
Ellg’at ed wthin a substrate when a vert| cal crack is

cr eatmgi 18" Tt deBerfibitié Mrﬂﬁ §Hdi fsﬁit@ dFYarS Gtefial Oield of
irradi a rface qQf t raevvlth
cofBfkraic SREA Crpatad bR B p o sothe uha ot e PROT BT a

_shova!ng 190is stachamatics dmgeahenhomﬂdwm atatel bk t ave irterday ﬁeld of
col {'é%gibﬁu: Sk Jr&ﬁec?“ﬂgﬁ h ﬁéﬁn Ii's @seﬁ%@&h& Me pk@s%ﬂ invention;
amiln n

. € sanme manner
Fig 20 is a diagram showmg a state where a vertical crack created in a
substrate through scribing using a beam spot according to the prior art is bent on the

way;

Fig 21 is a diagram showing a typical example of the irradiation energy
distribution of a heam spot according to the present invention;

Fig 22 is a diagram showing another example of the configuration of a beam
spot according to the present invention;

Fig 28 is a diagram showing another example of the configuration of a beam

spot according to the present invention;



Fig 16; Fig 17 is a schematic di agram show ng how
stress is created within a substrate by irradiating
the substrate with a conventional |aser beamin the
same manner as in Fig 15; Fig 18 is a schematic

di agram showi ng the state of an internal field of
conpression stress created when a bean1spot IS used

t th t h
i 2o I P 180 laiFer ehBying rippies fxampleiof3pS FrgiEgtagfon of o beam
8pdcatpwrdmtonhespmwmmaabm,chnﬂhen a beam spot is used
acco Eghstgdi mﬂr?ate V%l'%’h%?t He c’%tﬁ font dtion fa beam

di agr oW n ere a vefti ca crea
spetrpcgordingde the resamt nmghtiswr i bi ng usi ng a beam spot

Expl&atioh BeSbdi1e prior art is bent on the way; Fig 21
[Odﬁila dj agram showi ng a typi cal exanple of the

adi IradiatingRortise “di stributi on of a beam spot
accorgéoaling portioe present invention; Fig 22 is a
di agyam chos anot her exanpl e of the configuration
of a b gf‘)o according to the present invention;
Fig §30nt8‘-ak§lydieggram showi ng anot her exanpl e of the

conf ilg%ﬁmngggpgmgmbeam spot according to the present

i nvention is a diagram show ng anot her
exanBlcosglet he confl guration of a beam spot according
to t e fapasaat | nventl on; and Fig 25 is a diagram

sho er le of the confi guration of a beam

spo%ggiggpgf Elﬁ'“ € B MPE" present i nvention. Expl anation
Bestf M&denfoo Carry]n@@hut|thd Invientiewli at i ng portion 2: cooling

“i%%l pti cal system 10:

[Odﬁgilflﬂb f:ogf% ra uau%%?fﬁé? EH substrate 51: |ight

bl ocka ﬂy orbiog, Becribing deethot al@ha sgtibigg @pparatus according to an
embbdiRidhi Hfthe %) in d&fcnf;&{ inl (GFeréch %]Hﬁ dirawgn

a

Apparatus] I'n the follown a scribrng net
scri Bignd appsiagrys schegptisaly thowing tharsepfigweption, pf gheribing

apPUreBEN hech ANAH b OdhedbbéBmER! BEAhé pre®heriafeRiohd T acribing
apgatrgw:sr}.%%é used as an apparatus for dividing a glass mother substrate, for example,
into a number of glass substrates which are used for FPD’s (flat panel displays).

[0029] Scribing apparatus 10 is provided with: an irradiating portion 1 for irradiating a
glass substrate 50 with a laser beam; a cooling portion 2 for creating a cooled spot CP by
jetting a coolant (water and air, helium gas, N2 gas, COz gas or the like) which is
supplied from a coolant source, not shown, through a nozzle 21; and a moving portion,
not shown, for moving the irradiating portion 1 and the nozzle 21 of the cooling portion
2 relative to glass substrate 50 along a line along which the substrate is to be divided SL
which is drawn on glass substrate 50.

The inadiating‘portion 1 has a laser oscillator (for example a COz laser), not
shown, for emitting a laser beam LB, and can irradiate glass substrate 50 with the laser
beam emitted from the laser oscillator using the optical system described below so that
a beam spot L'S’ having a non-irradiated portion M is projected on glass substrate 50.

Here, “beam spot” in this invention means a portion on the surface of a
substrate which is irradiated with a laser beam when the surface of the substrate is
irradiated with a laser beam.

In addition, it is desirable for a means for creating an initial crack (for example
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Fig 1 is a diagramschematically show ng the
configuration of a scribing apparatus according to
one enbodi nent of the present invention. The scribing
apparatus 10 is used as an apparatus for dividing a

gl ass not her substrate, for exanple, into a nunber of
gl ass substrates which are used for FPD s (flat pane

o S50 U 0S5, T R ARIERE Sk e B e
pogitafelssmhlhsg imadre eidportibh ofl glaas subshatn 50 to B@@ltg&ﬂ@d_on the side of
it
irfilchtngBofiidnlt 2t b8 ShdeBorbofPOl e OB EE Y 15" ne o
[0939& Figs I?eend\ﬂﬂemctlgely shaypén eptical mtean prowided in isradiating portion 1

acEH}&nﬁfl@%‘emw&ﬁiéﬂP a nozzle 21; and a noving portion,
not or novin thelrradlatlng portion 1 and

t he iBfEF?l systein 4 ofd g dotn pRfiGebplemgnt fop dividing mpoptienl path 41
m@lcafs@nsuusﬁdeaue ab@ 48 bf'@rréngded if ad bpiichl PAIHCh t he

b be, di,vi ded ,SL whi.ch is.d | .
U b tRrcbests LB catipon ot 5 Inger oIS s afyied Jufrloth, B Sptica
elapsanit lfdrail‘aﬂmefammpbxdlwtle‘ih Paiiés tlavegl condedser Hnoewd2 drar43, and
préBitk hivaEm b@ﬁﬁ’f in Qﬂﬁﬂ} {Iﬁbnﬁ %ﬁ Whid] n#l?%yesgﬁaﬁtrgéeaﬁcosis irradiated.

substrat e aser eam e romth
Bepgspot é§chﬁ &t‘\?ﬂ irreinted pertiop M dm band foraneni @dline ajorg which a

mdtetials 6bd didided BLDEAM Spot LS having a non-irradiated
portion r.0 ted on ass, s strat re .
"bear®8 °SfPE°J%4ﬁ?<§bﬁﬂm/w f% °&1°5 i thegwwq, ippgth b in
thTsdiré(m‘fm obiheaahoﬂiﬂiseth ad ﬁlfdﬂﬁ lwiblt; noh Maﬂ.ﬁﬁétﬁﬁtﬁﬁow barfbe changed
. : urface of t
by eSBELRAR R & fiokitio BGrelh epelCoriteRfsBint hprn in Fig 2 and
glage sinbstmate G0ithat isctarsnyl distance ak batgreem comdepiar] leps #8kand glass
'u]é: r eat Fﬁ agghﬁﬁer% |t al_cr a@im%ﬁﬂibb ec o Ee r%t{egﬁ)t ﬁ:%dmmme
g hetyresn optral elemant iy Gividing apoptipel pathfl end @wstrate
su bsgh@deeatﬁ&thenﬁﬁzaﬂtﬁeatﬁﬁﬁbﬁﬂn} tbo%ll ﬂdnﬂﬁanp:;lcalt systief]n adjusting
irradia a e cegnter opposite to the
portion, ?3‘ ’[lg'ﬂ‘?éﬁ"i)’ﬁ tical sYRAmL. L espect i vel y show an
[003p Opti¢al systenrﬁ ¢'Rig 8dethd sunie asoatitiehl sygtenou of Pig 2 except that a
| I
ligBFRIBASA hobho By BRGHRER! the byl JolRinghed SHbfiedlrdphehe o
diviging ap Aptiead path Hrinepticl spatemafFig2.ar r anged i n an

t
) é;c: {s‘f"‘h Mi&kﬁ%b%e@g?gﬁfe%ﬂv% &d%s?z%g*d?adafksﬁ&mch s placed

\PPLF g'aﬁh PP EAN 5%&%1@92 ﬁaégé@seﬁb%%ﬁﬁem%%dasm
exdmsplees 42 and 43, and projects a beamspot LS in
" ol et hene e, BiSrppteend iRl gretem 5 i the

abqye rdescribed/lexam plarod tlﬂe)wnﬁgmrmohloﬂ thehpyanatos, Might aalockmg member

51 '@J %at&@eg 6o Qﬁ?ﬂl‘a\% %d ?I er o&g%ﬁe&r fduRénQ:J v?ﬁgrg a wire is

e direc
atta@qgmababie op rvduqh qubstraterblos mdvatedasr hghabiqgkmanqmwm and

theWxﬁfretBQB h‘ri(ﬁﬁ‘ﬂﬂ PG Heh ALY c&R Be Bifed NI @%locﬂ%g member 51

res ectiv usting the dist ance&between eac
%dayn gﬁg#@pﬁ égm\s ANRELy and thus, conventional optical systems can
be used as they are, without additionally incorporating light blocking member 61 in
optical system 5.
[0032] Though in the ahove described embodiment of the optical system, optical element
41 for dividing an optical path, which is a fixed optical element, is used, fixed optical
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gl ass substrate 50, that is to say, distance d between
condenser |lens 43 and gl ass substrate 50, distance e
bet ween condenser |ens 42 and gl ass substrate 50, and
di stance g between optical elenent for dividing an
optical path 41 and gl ass substrate 50. These
adjustnents can be made by any well known optica

not shown, provided in
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hgﬂudﬂmking tﬁelgbék' 61dih theicéntat pertiafikandAhaltwd heBRGPEEES Awhich are
seBALd MPadiieflesdiBd porkih I P ofecfel oM Sieutif b otk sides o line
al@m&uhxhghmatemﬂ isitalbe dividded §lnot shown). Next, glass
[0556)SAd @bderiBO 'aBove! Baqea@ 8%2% Emnhalﬁ)ﬁcapgﬁmﬁ% alldw¥ Irradiated

irradiafing portion

Pogtienscwhich ke inrpdiated withy [lazer beam dB tq berame theam, qpsts LS’ on both
si@J¥iof lifélaloh® ﬁhxchrthé\dﬂaﬂetﬂdl‘i?b ) % 'ﬂiv‘i’dhd]SIl and thd wiadriadiaRed portion

W&V\EBlr g%aéctaﬁﬂ el e nt for d in @%Q?zg-?élége%@g%lnbmd
fori, alanprlipe @jangt ﬁhiahath‘esnﬂhnth tabe ehhdﬂl Stal Hefs, width W of
A S B 3k Ty el B AR 0
thp propertigsef glass subetreterfider porti on by opt i cal

[0037] Next, as shown in Fig 1, laser beam LB emitted from irradiating portion 1 is
moved relative to glass substrate 50 along the long axis of beam spot LS. Glass
substrate 50 is heated to a temperature that is lower than the softening point of glass
substrate 50 by beam spot LS’. When laser beam LB moves relative to the substrate,
beam spot LS’ is projected as two irradiated portions in band form having
approximately the same width on either sides of line along which the material is to be
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el ement for dividing an optical path 41, and the two

beam spot LS, which are separated by non-irradi ated

portion M are projected symetrically on both sides

of line along which the nmaterial is to be divided SL.

[0035] In the case where optical system5 of Fig 3 is

used, |l aser beam LB emtted from irradiating portion

1 es rou h con nser |lenses 42 and_ 43, is
dlﬁﬁ%@ﬁ@dﬂ&sfﬁ eFYy "g'é' drplogchoesalong which the matgrial is to be
divided 8Lt ?Wﬂ-ﬁﬁdiat&ﬁmrhﬂnhﬂﬂhﬁhﬂ@tﬁ{mh éﬂéﬂﬂslwdﬂgﬂﬁm&éong which

X eam spot LS has non-irradiate

tthﬁ?él on ﬂ\iﬁ’ebg %&m created by |ight bl ocking
[Othpre, tbleemcqm S’ pehich amven relatihe to \giads carbsrpiet 50 is
followed ¥ c&ﬂe@gﬁot é?p\@ﬂi@ﬁ q? cpé(atQtP 'i)gtjﬁft tc%g]faBP rﬂ'dn? hoddle 21.

are projected synmetrica
Comnspryioprtress isrreatad i the m@tr ef b@nuﬁmt @@dwsu_:h ig b%aq through

irrAgiaties eﬁtﬂamdelam LBORA4 %ineaaasélf ARdr, qneboﬁm i€ fokted, and thus,

I, ows rrad ortiqgns "whi
toriep HORy FRiSh 1ore e fop i CrABUIPR Of GOTMUC) CERHL Srestedsin the
vidwityhoft dooled isgetsCRf 'll‘hmﬁhnailld)ﬁ’lgesafmllﬁhs tah@rtiail erdck|alorg lin® along
| NG . | I Or.L1 QN | C .
whidh (i 6ol to 1Avih{F o 0 &L A2 B B8 WY oottt PP with
initighcriael TRicerated ipantend portidnrofiglaselsulistnabe &0 exidelsiarting point.

[o@gpm%ﬁﬁﬁogh%%g jtgl is to be divided SL. Here,

non |rra at ed ﬁlrtlon M of beam spot

LS i kyéfrepw ta@w*’dtar?c@d/alt erqharactariskigtefeqmpats prejected in
acmmﬁé tvri€ls thé s&hﬁag iethod rantlethe OgeribfHiS dppaet acaa-dmg to the

presaRY Tatshsion Xubipinalie | RED EODY glonea “CEa( FRep cotsiho esent
muhumg') nmddsm@mmmmdambamwpus_pmm@m acsardandeatith the
scrﬁg?% SndticH GHa ttﬁe %Fﬁﬁﬁg%?ﬁﬁé&gss P&%{-djb% 81’ NE briof 3 ikFeinafter

eam spo

eni ng pol n
W@%tqﬂfs"bﬁa%é of thermrios artk| at i ve to t he
S Ubsﬂﬂﬁshowgﬁﬁm&mﬁtﬁn?ene B RiHREA Of & DehtVRpot of the P;esent

. irradiated portions in band form having approxi mte
InveplioR o e width on either sides of |ine al ong which the

mat eln g 25, the 1bkrallekidlindicdesh the, distaficel f#6MEline along which the

GRS a5 A A 3kl St e
por t Thebddni spob afwhe fpoesentinventiin ispart@f hn ireadihted gortioncyhich is
mﬁ&lﬁtemﬁf 4 fb‘sen‘ feahﬂhxgﬁngd Sﬁ@atﬁn enk&%elﬁ%trigﬂfi&b at 5 Gaussian

beam spot LS relative ass substrate
distpibytion. f o| | owed by cool ed spot CP whi ch is created by

jett Tﬂﬂ}!‘?&tﬁﬁ%ﬁbrﬁ%ﬁ?ﬁ@ﬂ i thd macﬁeuata E:gﬁ:h%‘ clirb@8fized by
rea N e I NI ea (0]

hayiBg Er B4k R 4 SicheRes Hormspein oIBSE BYer SORA B wikhine slong

whichrthel naiterial ifotbardivided SD afitle defiter,indanh irRidihtionehergy between

t SV\/nIChIS effective for the creation of
thet%?e%ﬁggﬁ(h crac’l?"fs created in the vicinity of cool ed

[004@bFig@rshowaian exemple of the farssofd baans spot L&' pmtedanaa;kordance
| |
wwﬁ Iﬂg%ﬁhﬂﬁ n?étﬂ&ganm&&rfbthig {ﬁi{a&h&? of '(;)Eﬁ %lg 19%@&1@3‘111@01‘

created 1 n the vi

Do, R theirvedation oRreyrtributian of S Abevedsgebadhesdy spot LS
(lowdrgfast)substrate 50 as the starting point.

In the beam spot LS’, one beam spot in elliptical form (long circle form)
projected by a laser beam is divided in such a manner that symmetrical irradiated
portions R’ are created on both sides of line along which the material is to be divided SL.
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[0039] [Configuration of Beam Spot] In reference to
Figs 4 to 7 and 21, the characteristics of beam spots
projected in accordance with the scribing method and
the scribing apparatus according to the present
invention (hereinafter sinply referred to as "beam
spot of the present inventlon ) are described and

conpated,t o beam ted i n_accordance W
t he @w%?eﬂgwﬁfe‘t of irzadinted FoLhinpa in suph a borm that one
eHipsoofivlich the lblipaxﬁ)ﬂ iBQﬂongﬂinef(ahﬂﬁh Gﬂ:ﬂ&f the linatémilﬁh $6 be divided SL is
I k t the.priqr art”). Fig 21
d{vﬁée% v[u?ﬁﬂtn&lrl ?% fe% i lstgo(r%‘el}ﬂ(g)y ars &ef%er?nbf a beam
spot Bhck in@dpateé portion Rhhas# loogside pom’uog f approxinmtély irethel form of

adifleSwhiby bﬂ@ﬁ@sspirgﬁ%}‘% $ind gﬁﬁlgf v@ﬁgﬁ ltl?]@ﬁlaélrl]ﬁlf %uey“n ;:Pv:g%f gL at a

mat eri al ivid SC an

distfnee fromslineplong whigh 49 'aﬁt%wgtg be divide sgyp ling plong which
thdaafpriabiznb b Gived¥disy) is part of an irradiated portion

is irradiate e asey, be a )
QAL g porhiBiR i ot obe B loma Rlde partiand wee HweaAf « curve which
extesds frdm theoend pbindonsraf g aideorttoncfin yhedtll.ﬁd:ctmh) diwvapfromrline along

wmﬁthsm%ﬂ]%d olbdi i SF R BBSIE poRtfh £ NaVING two

ort| ons at ance over a
W| dt h tefl ppitivas B anedormgd aohstthham lenjth|a inghe dirgntion along

lifld ‘éldﬁ@dwﬁkh 3he tn!i‘&eﬁﬂnfseio b BiRA I Al AWikA ﬁ’i‘ﬁf We direction
bet elgﬁr \g@o ortions z?lf zero. _[| 004§g g
P fm‘b ngfw the, matepal s 1§ b, dipiged B&, and length a is
dmmﬂegtlmt dide poe-tion ﬂ?ﬁEﬁidfth?ﬁ iis sHoftef tHanlefi3h {i_et hostharelords, in
pRarat us o e present. inyention (u L
irkolip8 a8 f3! Bl o T e AP op IGRE P bk Rieh the
mbmaé isdechd idiviiddde 8 is pgreatiesS' thay | theemaxiswuty) sizenint the direction
P‘%é‘l{ql &@g form (1 ong
circle ?{)r #%%eal elg?iiglﬁﬂ&tm%er %@gir#lag'l'dl vided in
dZhireadigind @prttqaatR'saym inted| with aglgpert keqm beving gndrmdiation
e St k) a0
d‘(PT?‘P‘ bytign hag iw Psgk% gr‘éﬁ&h?@o“tﬁoﬁhﬁa&ﬁ%h’ﬂ qa qther pyer g width W
withahe alwee deﬂchbcrlsanee‘r s at lthé évatdrowlerclitiesalory wihick thel material is

Wﬁewﬁdyéf&&%eﬁ%&éa' is to be divided SL is

a non-Trradiated portion Mintervening in
bet weléis pRderablerfomtlieawisith 36 of a awniRradiatedeportieny M tadke within a

redgé yoﬂmfao & %L; f&xmn@TJ Mhéﬂgﬁ&}?%ﬁeﬁa fse. xﬁqaf&ghe width

eXt ends para oline a materia
Wiof ngp-igrp P?PécWQE""aM*&deﬂﬁFb‘! Pﬂg@vfrom | i ne al ong which

[0048] APdeRérikvd dbovd, Shd forfli ofid@s spbt LE'QS the Srebdnd Snvenfibs satisfies
\A%'IF]-F . the.material is to be divided SL. [ 0041] Corner

FOPECREHEt h si des of long side portion f are
f or mgdl) The beamuspot isforméd ofadpedn ofinfadinted portienR hawingdhs same

foﬂ:Fl %ﬂﬂg a§é %?um ;rﬁ%tltxéaﬁy aIE eﬁndéqqngals&gceam l.tu{eoaané Rfiich the
matermf1 is to be divided SL.

(2) The irradiated portions have a long side portion f which is parallel to line
along which the material is to be divided SL.

(3) Width b2 in the direction perpendicular to long side portion fis shorter than
length a of long side portion f.

(4) The width W of non-irradiated portion M is set on the basis of the thickness
T and the properties of the brittle material.
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which the material is to be divided SL and | ong side
portion f. Irradiated portions R are fornmed so as to
have a length a in the direction along |ine along
which the material is to be divided SL and a width b2
in the direction perpendicular to |ine along which
the material is to be divided SL, and length ais

ined by Long side portion f and width b2 i.s sharter
1031 18 157 P S oot s e of f bosih stk adfastitg 3 Bl art
(upper pattd and therinmadiatien ewerfrh disthibwdivhi aiithe rbovg deseribed|toang spot
(o i‘ﬁﬁt he material is to be divided SL is greater
the maxi numsize in the direction perpendicular

to | Fig5 shayrpnpibiean spplel$hincglliptical formoprgiectgd $hrpugh fradiation
of & Miébednt r adi ated portions R are irradiated with a

| aser beam having an irradiation energe/Ldi stribution

whi cirrpdiated pogtions (iptched poptiogs) of begmiapat 150 geq formed, in such a

meahiRf Gat ﬂi%eSbh'g huiaLmdaaﬁh simsmwbgﬂﬁd Valldrigghlise mﬁak which the
i st.ance, f .o er Qver a width W wmith.the .

malbAH30 5 e PR IL | A o Rlefin Spiled bppibpiide gk el apot 180 3n
Genbajay distriloitionimvingtacpeiak/POi s to be divided SL is the

cent i 8 otH.tSO', 88 m&&%&% 9.7,f i%erh@leﬁém gf &m siofd stress 150
., hon-irra ot e portion Mto be wthin a rande from
is gyegtpd; directly hrogathhling plomg fekich dhe mpateripl; ist focba divided PL, and
thdréfore, it GfficultQo\Wréhitd a sYREhtN étticall @HéCLI8Hg BAE lalddg Which the

is.descr.i bed b é w. [0043] As described above, the
mgier %f"%‘ﬁmdgf 19 LS of the present invention

[0G8] Fipf 6 siowstshbednd spod\LiS10wlora tivh bewisi spéta Jin Ehiptibsizforns pedjected
chlofigh QMBI o R bl LA o BB BT %r o VAR sids of
Sane Polm WA T are Tormea Byrmetrrcalty at an

line glong whic the enatérialis td beedivideh§Lwhi ch the material is

to bepg iiffh&kﬁﬁor?'enel?g\)l%% utiéd BEUR! Bl it IEIShAAMR> Baussian
In

| ong side portiaqn ich is parallel to Iine along )
curyes, each havings peakal.; Inthis prarpple; the gpase beiween fpejtvp peaks Pl is
seti t bl ke sﬁﬂﬁsthﬂhe rawifmrwaﬂﬂhc—nlfrﬁaliaﬂe& pbRivE M bﬂ&aﬂﬂié& mli f

is shopt.er than. | engt. of ..l ong Si porfion.f. ,

The. Sk etpofe h SARAL Lo F} Svsriop) i irpidiatpa pigkion B2
whieresthe inyhdinted pottioie veadap i¥ forned alvngjine pimgiwddchothe tnkederial is to

be Alvided g, material . 14 [0044] Figs 5 to 7 show an
exanpl e of the formof a beam spot according to the

pri ofn heam spopd&l, phere irmpdiatefcpartion Roaisi formedcthyyirradiation
enétigy tdiétﬂlh:l&ﬂidmh&f tHe 1R Qié:% cﬁihﬁ%c lh'?b Qﬂeob,iﬁﬁmésl‘iﬁat ;;eiaié gﬂfz\/\ﬁ [formed
al“gg:“:‘?%’ B}"B‘Iﬁg"@?@g\ﬁ?’&%ﬁ ip ?“rab@fdﬁ%gf"b -of a l asgr beam
| 1 r adeatdifglpolih i buatn (dpat CLSY] pHow tabows )desdribedaintemal field of
i 0 28 g R 4 bt oo
divided SL, and therefore, it becomes difficult to form a straight, vertical crack along
line along which the material is to be divided SL.
[0046] Fig 7 shows the form of a beam spot LS2, where the distance 1.2 between the axis
lines of the beam spot is set in such a manner that the two irradiated portions R1 do not
overlap, unlike in beam spot LS1 of Fig 6, as well as the irradiation energy distribution.
The irradiation energy distribution of beam spot LS2 has two Gaussian
distributions, each having a peak P1.
In beam spot LS2, an internal field of compression stress 150 as that described
above is not created directly beneath line along which the material is to be divided SL,
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material is to be divided SL. The irradi ati on energy
di stribution of beamspot LSO is Gaussian

di stribution having a peak PO. In beam spot LSO, as
shown in Fig 17, internal field of conpression stress
150 is created directly beneath Iine along which the
material is to be divided SL, and therefore, it is

auaif.{:\fi ult to create a straight, vertical crack al ong
itReretore fgrerticad frack deensns ghrfught dovn. o pe dj vi ded SL.

[ 0045iqv.5kral, Ehest Vlﬁalaﬂsf pe wufeﬁpiadia%d n\¥aergs &mh b f beam spot
ot | e I pt or r.o] egte throu . g . e
L2k peafhdnlasirety TRt s Bl ieraions vhih Siecioissial s berdivided
S, endrtitbreforepittib diffiqilicko codate tensite trepn gyhidhi is kfféchive for the creation
of JeficaPlrabif it he Vit LEARR sl 36 kB dileBiel o B3 e SL. ot
the timpenf coulingh Aeordingls ipiscdiiTicult to proatn & despaskpright, phrsical crack
beﬁ%?&in@%l%ﬁ?mﬁﬂﬁeﬂ&ﬁk% l?et]di'gﬂed stﬁ_t toMbeft Ee same
as e dith Wof non-irradi ate rtlon 0 am .
spot qﬁgﬁnﬁfg‘% iy heam. spof LSy, the;spged g‘?ﬁ&i’ﬁige‘&“ﬂotﬁ Fﬁ% Lelgfive to
beamepbiaDs’, gn(ii'dbf tooghi "ﬂhedrwl ti}dﬂlﬁfo?ﬂ dewmd I dhptli}lﬁh_nd thell'efore, it is
sdel [ | (5] Oortl ops,.over | L Ornmed al on I ne al on
dl%ﬁ‘lﬂgﬁo %lz’éevﬁ'g'f%&rﬁsglm%slpsefggcﬁw}g‘ded SL. | g beam spot )
[0043] Asvdeserihadr stmué, dncwapospot diS',Rbeiisraflistion dnetgyesupplied in the
. b | :
poldlo i o0 G5h e Woldat il b1, 48 b B Lo,
compafisor viHy capypRiionah beany spats Eﬁﬁ pgd L§1p Agprdingly agjeep, straight,
veR@DEfAcE @hlY be ichedi@PHir6d3t bdndhth EACaloh® Whidkether hbReial is to be
di'}a&%dg%ﬁal field of conpression stress 150 is forned

l'y beneath line along which the material is to
be #urtheroors] in cheemt hpsteL8' ahe i distbaeo betsvedn fthiecpdalkstin the

irp il e drep abiibuttoB! i i agf bR oFcRiyisor §dpfiibgionat bean
spefa¥d; and shereforn, i is pobribiente pronte s3patentanside stmessdvhiclniscaffective
forltRe BRRUELHY d VLA bihck i (S idhity S¥ink GfTg SWAfAh the nf&&xai%lfia to be

.such a manner that the two irradi ated portions
di STygtchbe Signe ofi§p9ling. i n beam spot LS1 of Fig 6, as
wel | Assrdibgly] d steadiiat, rearticalrReucl\tanl bé trehted directly Déieath line along

A di_at.i . di i butian..of b LS2 o
iy e el 5 AR o' st ETRSS B e o O epibing
catpbemachigyed. LS2, an internal field of conpression stress

0048 . escribed above is not created directly
“%eir)l[gg?ﬁ |nteﬂal ong which the material is to be divided

SL, émxmrérnemefpmﬁna theequaligypn thedirided syydars between beam
spctiLSbfARb pFRNAY intRY Bhow HEFiE ¥ hnd8kventidndlbebfi®pot LSO shown

in Fig 30 dipcrBPAH PRI vy from | i ne- al ong whi ch ¢ he

mat eThatquiality oh the dikidédbuiifacd3lin tiis thvehtio®{s@valuatdd byobserving
b TS S BBE LSRG S s
alopg whiehe the matprishicto bé dividedsSL by applying éxtemhal;irieshiasical force
aftéy creating a vertical crack along line along which the material is to be divided SL by
scribing the substrate along line along which the material is to be divided SL with
respective beam spot LS’ and LSO,
[0049] The definition of “splintering” and a method for evaluating this are described in
the following.

Fig 8 is a cross sectional diagram showing a substrate 50 having a thickness T
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the tinme of cooling. Accordingly, it is difficult to
create a deep, straight, vertical crack between |ine
al ong which the material is to be divided SL. In
addition, in beam spot LS2, the speed of scribing nust
be slow relative to beamspot LS, in order to gain a
vertical crack of a desired depth, and therefore, it

IS . %ﬁsﬂlevelncreaselnthe speed of .
o B EheoBsFioRCALORE & i, PoRBARPD PUTfhoaB NASYORy disiding the
suhstrataradl ation energy supplied in the portion along

line terial i be ed SL ca
be kep %/}g;}lé\'h p%;{ttrﬂ%;%&r{’)ar imso’ﬁstwgtlh B‘é’h ﬁ'ﬁ i length of
chips ror spyetrusitgCinaendsd Srtionw curficm§l of, the subeipate Pairmddbyt dividing

guggt{,dtggb ﬁé?aﬁﬁat@&m be created directly beneath |ine
aonﬁ(@p he material is to be divided SL.
n‘i?P@t“’Pﬁ forothe sphstrates whiehhis dhes pbindteofhproppssing and the

cmkanmatssdrmﬂgmr emmmga'hfjmeﬁmgraw délcabéd Mthé Mo},

onpar i son wi th conventional beam

Bonodl? ‘T_Dg °"%‘f?&*‘? refore, is possible to create
gr eat mgb@ﬂaloés@mshuhnghhibhmeﬁ FZ8mne for the

rtical crack in the vicinity of line
[@Jneaﬂ&dmﬁaﬁﬁyg

al on material is to be divided SL at the
time @PGWPW]QW Wcleame fordegm spotskd’ and kS0 verti cal

Cr ac kel obArELAA Amillict oo BPASH fpok LRl GRS

WhIChggﬁﬁ terla s to be divid
incre i'hin A 6P°‘§’0Pl%l%m“b%aﬁépﬁﬁl'ﬁ bved
[ 0048HefeEB¢ﬁ bﬁﬁtﬂis’ig]pgﬂ&ﬁ}(ﬁﬁﬁgﬁﬁmaléﬁtegm%ﬂg@g the
on vi.ded .sur.f ace en
o?ﬁ?ﬁ‘y"’“ 1"eﬂ{e RAKOR; Y Pg‘r?g?ﬂf‘qb Hﬁﬁg&pgﬂh B the left
c@mvemhecﬁwre imhmtwbe smﬁlesimmhtnr i n Fi g 5is
descr APRQd ac ff Pgl ith%"&egﬁe of* ‘kl?hntgﬂﬁ F&S!tlg low for beam

d|V|ded sur iscinvention 1S eva
QPWWPWNWWPO% Q-he respective divi ded

[Oalzlffzﬁpﬁnﬁaitrg;d by dividing a substrate al ong I i ne

al ong,.whi ch..t he mater.i al to be djvi ded SL
bl TR Flta 58 PRDRRRLeh (he| dogbia el “eRiipieFing} DHAE hoiperaphs

betereén besm epaa AIS’ off tha @résbﬂﬁn&bﬂit@x suawagntﬁﬁw 130 | leéﬂvah?bﬁal beam
the.substrate along line
S&FLES s%]vyﬂ ﬂﬁﬁﬁ%@ esclﬁé?d 1S tﬂ?é lg’gmlﬁ vided SL wit %
r es pelderey thelsonditionsofor LIg slﬂmt;raﬂgmd the eatdlitiofador scribing are using
bedse 4 éﬂ'él: LYt presdit ifVeRlibl d %ﬂu{@ F%gtr F;Qﬁ: LSO arﬁ:the sgme as

alyating this are descri oW ng
in rigegt Ll sectional di agram showi ng a substrate 50

[onfaau Fig 10 isha pkowgsph shbﬁz@s?\alﬁaaﬂ strfade T ﬂh%mtag@ After being
T e T S
Fi g 9n Big 10,vthe dhpﬂJS‘KBlTevhtEh(hmsrﬁ-dwﬂgﬁ surfake of a substrate 50 to the

“end point A’ of the crack” is the depth of the crack.

Fig 11 is a photograph showing a divided surface of a substrate after being
divided gained through scribing using beam spot LS’ of the present invention.

In Fig 11, the depth “K2,” which runs from the surface of a substrate 50 to the
“end point B’ of the crack” is the depth of the crack.

Here, the “depth of the crack” is the depth of a vertical crack in the direction of
the thickness of the substrate which is created by scribing the substrate along line along
which the material is to be divided SL.
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chips or protrusions in cross sectional surface E of
the substrate gained by dividing substrate 50, is
eval uated. [0050] The conditions for the substrate
which is the object of processing and the conditions
for scribing for evaluating "splintering” are
described in the foll ow ng. [Cbndltlons for

[0%&?32 ﬁl‘?ﬂ# S%gﬂl e IOI at e ;dqsggdwgs T\é}ﬂq%ﬁ["gl ckness

phWoésva:ﬂ-edﬁmto “sﬂmteﬁpgi'tbehé‘ﬂtha;hei “dndQoirtpATEinl thé dmtadbm@ce of the

El“ﬂ['}?tpnon | rra&%&g gf?’, OWE} %ﬁ n%n,% ﬁ]@nwiﬂl@)ﬂm spot

re, beam spot LS is projected using optical system4
Of Fingbadwhilb), Qﬁér}e 13_ B@ shERwW 15%&9& f&i{ﬁleb‘tﬂhhg froftf “sphntenng” in the

'splinterin shown i
Phe'a P%aw%e srli“&a%z". ip areefa{'teg bF?F@ﬂé éhﬁp‘ieed Hﬂﬁb@lr" in t&ge divided
surﬁceCdf ¢hd substraterifter Beingldevidelfatitedahrouph lstribitg usigg beaf spot LS’

antly low for beam spot LS, in conparison
Ofgﬂt%ﬁe g %? ‘LSO [ 0052] [Expenment 2] The results

[0056] Eigniea)is @rphotogratnh shegrigeoref endyyflanother dividedsmrface gained by
di\ﬂﬁmgqgé ahie d&&%ﬁ%@b&%ﬁﬂ@an zﬁtm%ﬁne f-A tnt' i@ SﬁEtm shows the

i nvént1 on shown 1 n ven ona

supstryte 8 daf whiclrthy thicknessde sbawbesT) mrmxmmm ggmed through

sctiflh g usih B SorfveRbddl 88sm Epvt LS0Camiigting) & ﬂiﬁ&sﬁ&ph of an enlarged
condi ﬁ:jé%&‘sﬁ for scribing are using beamspot LS of
PoftipR 9f #-i nvention and conventional beam spot LSO

are F@l&{ﬁ;ﬂﬁ a@&otogfhpﬁ)ﬁh&ﬁnﬁfbﬁé edd oi{ﬁ&ﬁﬁ&} divide dldrfase gained by
m\%@é %ﬂ%el e eoc::llm'\xll?ne gtr Ckgld%lﬁll{% B I;n %'J% ﬁ) Falt.l. shows the
substrage (ervdhchoﬁurthmpuess Lsshomaﬂl’l‘)gﬂfm! betrgatividpd peinsthrough
scmhg nm'hﬂ W)gm;l 95@ ﬁé‘%f 151t Jr@ t ﬁive H@ﬂ‘g% {Iﬁé Q?é?]"] Eppﬁ ?aph of

crac Ist e crac

mPP@"&“ﬁE@“@%ﬁééﬁﬂéph showi ng a di vi ded surface of a
subs ik Bige12a)| the dbpuhrw theeriichd OraoR ghined iﬁlﬁ@glﬂitrﬂaﬁfgl Wiribeam

spdf . SHtp JEG r2 o, o the Shikarey (BT P shp AGELly P B o and e

lengthoeft “splimtelsDist shotvhas Klend point B' of the crack" is

[Od:saﬁt%gpgg B&% éﬁﬁp%%?*sltggﬁhc rac Egnveqﬁﬁw(}.gr eCpI on @?KB used,

a craels Whichcie nmdm a dingoral direetinne theticte spy ac’splinte was created in
thS&videl Gﬁ-fiééecréddé@fn s@bétite 5D @ﬁna%wi}gammm bbAYR spot LSO,

material 1s to I VI ded SL. 17 hown in

Fi g Myanyhile,dt F%n Be seendiomKie J3th) [‘\‘%Prlﬁﬁ vhen bpam gpeb L’ of the
preédbiitdaiémidniwastuded, a deep crack in the vertical direction was created, and there

was no “splintering” in the divided surface created in glass substrate 50 through
irradiation of beam spot LS’,

[0057] In the above described phenomenon, as shown in Fig 18, when conventional
beam spot LSO was used, a deep, straight, vertical crack was prevented from being
created by internal field of compression stress 150 which was created directly beneath
glass substrate 50, which was irradiated with beam spot LS0.

In contrast, as shown in Fig 19, when beam spot LS’ of the present invention
was used, the portion along line along which the material is to be divided SL was not
irradiated with beam spot LS’, and internal field of compression stress 150 was created
beneath portions in the vicinity of and on both sides of line along which the material is
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phot ograph, due to "splintering" beneath the "end
point A" in the divided surface of the substrate
after being divided gai ned through scribing using
conventional beam spot LSO Meanwhile, there is no
shadow i n band formresulting fron1"sp|intering" in
the phot ograph, because "splintering"” is prevented

RSSO AR i Bt S e o 5 B e

isstobe m\ngech s Angpritiogly; it pmosslsle to o:featdi&supughie meértical c_rack, and what

chl b€ %ﬂs@tﬂn‘e& afn elﬁg ég) of Qostuﬂgt'i' n%% d through
Ivid sur

one end anot ace galne i ng
d’cVFPé°1hbove descri bed substrate 50 along Ii ne A Ain Fig

[00B8] [Exferidestd]ws the substrate 50 (of which the

t hi ckpess i s shown as T) fter bei ng divi ded, gaj ned

e ouBR SXEEPRERY Fot, SRAgHeR 10 AR citaBod Bif T Hiepig petmeen the
widttl Wofndn2irtedidted pomhntM)gr bealm gfot L.8° amhameéht umhhbﬂ Bhown in

4 Eh an O%ﬁh Etl QP/&%Q%) S U r %(l) gp g’éﬁ%&ﬂ QE WV@SK N n-tuﬁ iated

P%%’@@OGM de deam|spot L pfthe pressgt imventipn| shwnEinEFlg ] @dgthﬂpeed of
sdﬁ 11 shows the substrate 50 (of which the thickness
wn as T) after bei ng d| vi ded gai ned throu

s c r | g4 8 iarrep Fhers the Iptsral gxis shows the @idth; W\Pg Rop-dfyadiated
patidn M,9nd 3f the 1o:gituditsd bodd shows e leARthEN F“GithtH8Y hhdthe other

oS ke s e fbed o RS i g beam  spot LSO |

t he dinrBigtldpthewblid line aund tﬂerta'ehe%t( liiﬁﬁl]:bwd;he tﬂetlmsh%l)eﬂmen the

v Kla&f iy ified Bireich W Bduentfiol ‘“&@‘E‘% "3, 0 Wiwoen the
W elnondmedinted pqs@aw%vd!eam&pob\hﬁ’ o ﬂ@cpreseat tnvaption shown in

Mﬁiﬂﬂhssﬁééa\begcﬂuﬂn@rgg g direction, that is to

t he d|V|ded surface

ted
or 2 Bere; the spations e PheaBotsabe Hhighitfe Bhisehog eYAALAD and the
colnditivns mhcrhjﬁﬁg d\mvdmdbe n€ 3 vielre ﬁ:grsah? atSEEExﬁd’rﬂﬂdfltlg In addition,
am t resen
[ nV%)O%I ga&“ m@g@mnggagé%?gp@d-oﬁ%% vgrt i cal
[Oﬂﬁﬁétlﬂlcm ivaal Fig d d that thawidthVé pfnonvizmadiated poriion M; thelphgth of
te 50
selifldeb 818l (HE Epedltl 46151 AV MIBRAT BAIBRIR ©, D -
b bow o) e deesteof spliateon A brcomss aBsrsen s the FAdh Wi in mmirradiated
poiloy Minceagds. beam spot LSO was used, a deep,

oLl At P 5 B PO bt O Bkl porion
depfeiasds. was creat ed directly beneath glass substrate
[o@%b] t@p’gélf Fhe‘g'g&dsthrorf%%a %toig_qrraglgpe#ﬁorﬁ %ggm gtthﬁghmgaess of the
brittle materialris Tj it icprefegable \fva's:helsettth W tim tlpmnqn-mdmwd] gortion to be

RIS SR 21, T s ol A s

Pogfion-is 19 gEenterdhan I130si I&G@i aintainiprepisien in the optical system,
wlnwm it Eask rarhbkbechu A dth ik )io Qiss BGh P10 tiRdpBePbibeRhink Slik B6 higher

gheghm:l Ii%r prac&clﬁa utsgr Iﬁere aaose gkilled in the art will easily understand
that the width W in non-irradiated portion M is related not only to the thickness of the
brittle material, but also to the properties of the substrate, that is to say, the
composition, the surface process and the like.
[0061] {Other Examples of Configuration]
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18 to be divided, and thus, was not created directly
beneath |ine along which the material 1is to be

di vided. Accordingly, it is possible to create a
straight, vertical crack, and what can be consi dered
an excellent divided surface of a substrate can be
gai ned through division. [0058] [Experinent 31 An
experjment was_conducted in order to find the

r el affiggidio 25 shpwether eremplep of the porffaunetion ofbeamppety projected
in memme Vrith tikee adﬂb%gohxekh%d &fd {HieschbARCAYpakdt S 'hEéoQﬂ!inFlto the

[ Fig 4 and the length of "splinters,” as we
p"é?”b‘é’t"ﬁ&é% the width Wof non-irradiated portion Min
[00623 The bextm kit 6dfof Fige22is es evdmplawdierd the isadiated porfionp ate right
tﬁ?ﬁ%eef.he speed of scribing. Fig 14 is a graph where

ateral axis shows the width Wof non-irradiated
por t iTba bmmcﬂpet 62 of Rig zamgan exhreple wheess thenigvadiatpd portions are
iaolsgéj]gttpm@lepf ‘splinters” and the other |ongit udi nal

axesa‘i%ﬁthe sgeed of scribing S. In Fig 14, the
sol i dbpibram gpgt Ba E%%WMM@M%@WW&HP@W are

redd@iigleen the w dth Wand non-irradi ated portion M and

t he th of pl'nt s" Kl d . between the wdth W.

of nf&‘ﬁ Bpein Gpos B K1 71 B pmiGrembls o A bepppiciesp Sy portions
nl;avesdmeanﬁ\amnrv«inesmﬁmnmntlﬁﬁgue)and the speed of

scri ﬁ;g "Eﬂ' t

substﬁrg?ghg [ cﬁg?gﬁ/ﬂ%ho PO“?' eva uat aé{gémﬁglﬁonghm
along yehieh dganateriakis t9 be @gldeﬂ Sbogn be selaeted sw t9 hetpithep direction;
upaard&mabmejﬁ addi tion, beamspot LS was
o b boa ”%yglgaaf fo 28 dsh T\ngqufoﬁgvgipé'cmgdggg?a], as described
aboven- i r r adi ated portion At the length of splinters K1

and speed of sc I Di S_hav

ol afD amEitRam ot S ErRedor £ et F Pk e R harias the same
forgh evhicy masfom@ wyingnétriddilnathiam ejual akiktancediron dine iadongiwhich the
mdtéﬁil‘?é‘ﬁ)%d;%}leé_gﬁ speed of scribing S increases as the

Win non-irradiated portion M decreases.

wn e n(2t) e drradisted partiansbare; 4 lopg sideqortien £ whishiig Pwaélﬁhlo line
alohf rHidN this Mefterialiis tdW dibided BLe material is T, it is

Por t [ 15 the Finpdtion Deshegichlae f ippaiop LI ———
leng&iseoﬂhngad&batinndt h W| n the non-irradiated portion
S P B5E Hh 3P ool lrARkareb pbhofl i &b il 1) hicknss

pr ECI fonint
T anddhe propertigscif fhe bnme me%smi hdwcozdingtyhﬂleslpewm'i of Figs 22 to

25,Sehichi mmé ke Hwa' &éa&abedt lshm.;1 tiod8, backl LaJeoan Riraafatiod | energy
‘use. Her t hose skil inthe art wl easily

d‘“HPki@?@t"aﬁb"W?%F‘Et%e Wi dt h Win non-i rrad| at ed portion
[00B4] Bhetas & 249, ﬂh@lheﬂms]ioﬁs(hfl"ﬁe 22ho 26 aaaﬁarefchmetenhéd iri that the

mﬁé@&l gtlnr‘ltlggggv%!esﬁgt BTHEaGhJ) ert | g.lstr?lfmt}orﬂe W) c St . aégﬁssian
distribution, the above described irradiation energy distribution has two peak portions
which are at a distance from each other over a width W with line along which the
material is to be divided SL at the center, and the irradiation energy between the two
peak portions is zero.

Here, the above described “peak portions” include cases where “peak regions”
are formed of a flat and relatively long region, in addition to “peak points” in dot form.

[0065] Each of the above described beam spots can be formed using a fixed optical
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conposition, the surface process and the |ike. [0061]
[ & her Exanples of Configuration] 19 Figs 22 to 25
show ot her exanpl es of the configuration of beam spots
projected in accordance with the scribing nmethod and
the scribing apparatus according to the present
i nvention. [0062] The beam spot 61 of Fig 22 is an
I rti ons are
RERIE R PR DOTG: d SRSt SRR oficli e such as o
sflyapeminter, ppplygemmintonyara tesonang ebment oscel es

Iﬁddsﬁ’ﬂﬂ'ﬁﬁﬁhciﬂ?ﬁt beam spot 63 of Fig 24 is an exanple
%gg Hfml rradl ated portions are rectangles. The

Lﬁ&“ﬂ &40 gscribigg mpethed £y achrifitls) matsriehand asexibiog apparatus
usiing 1tkis andtRed o tprévahit inve RN ifis| goBdhle T6h AvérticMCrhIeR deepen

d%%ti'l%ntr}a i, he f| %{‘E%B?“Szﬁ&s‘g}%&fgg ect |n§n %Eg@mgm-face of &
ws@mgeb#mwhsghauahuymnwgh arémb&nibe/gaiﬁéﬂ SL can be

S e B e B
apparpiys of tha diresent entemwn cqandw ﬁ@lmdnhntﬂmmtem;s such as glass,
celemiy, Which isod @itibered Eata_ﬂ 18 ahital bificdr's s@mzconductor

ir o |rrad|a ed or avi ng t he SAne
W&%ﬁ: CETAYE F e&r% aTheah b@&%m}%ﬂan@@ude single
plhtasmnilipasted kakngraty, ahd hhﬁtramtoﬁrvﬂﬂl:h & Siréudt Pth Vd ME6hI film for

folling ddtzbifs odd @ ol i BRAMESS. "D 21 ong wni ch ¢ he
mat erdstoncrete epmauom af dbatittik magtjaldtaiirhich 2hé seriblivgg method and
tlﬂ'sf:ﬁﬁhh QPﬂQ‘i{lﬁq{f @B&ﬁxlegl{nt E}QQ af’é d%ﬁ) 'Q&,[ %Hp&ay f{:e]fhsuch as

rter | engt
h‘wlg @Pﬂﬂ&rﬁlﬂﬁ%zdwawwape!ﬁtmémmg% diisplay pdve
cebarficzondenbére ahll sexdiitesductol cBijd chiBe Bits@erti es of the
brittle material. Accordingly, the beam spots of Figs
22 to 25, which satisfy the above descri bed
condi tions, each have an irradiation energy
distribution as shown in Fig 21. [0064] That is to
say, the beam spots of Figs 22 to 25 each are
characterized in that the irradiated portions have an
irradiation energy distribution which is Gaussian
di stribution, the above described irradiation energy
di stribution has two peak portions which are at a
di stance from each other over a width Wwith |ine
along which the material is to be divided SL at the
center, and the irradiati on energy between the two

as well as
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peak portions is zero. Here, the above described "peak
portions" include cases where " peak regions" are
formed of a flat and relatively long region, in
addition to "peak points"” in dot form [0065] Each of
t he above descri bed beam spots can be fornmed using a
fixed optical 20 elenent, such as a DOE or a
diffraction mrror, or a scanning optical element,
such as a gal vano mirror,Clim®| ygon mirror or a

(1} Asdefibilig LIAGR Tér a RS HdtélﬁalAE&bi'cﬁﬁ’hd iwhichl £ BFicte matenal is
R 5 T e S

magherigkistto be dividedpsn thiat said npdedallis hedtod toa Veﬂiiﬁdrﬁﬁire tat Gklower

he
ok OGRS A By o e
eaph pbhes andgthegy the mptexial it ropheds end Ahes acmmbd qgadkndetpens and
r@éreés@ﬁ aloh! tﬂé hiht |aﬁ:ngﬁ$lﬁéli did tn?atg\ki'élcxg t3 Bﬁ dViddd0| 'sﬂtgtmg from an

appar at us e pr esSent

WS, d* the scribin
ehee gﬁmeéﬁn gai MPW‘ chagpglerized 1Pfﬁ]@%§r| al's such as
gl as Srradiatudapirtiond by 64 irr&diated i Witle aCldsd¥theain ahd aShdddkRdiated

stal, sil.icqn apphiye en conduct or. an )
it PR P (e PR e BRI Py gt ide of the line
alorgtvehiclaile matetialie tsbe inhledphdtaMgahd lmas]bﬂgl which the material is

to SH w&aﬁt lf%§?ecﬂ?&i? %HP%L&?‘EI%S ét("ﬂi gg e i aGiéﬂléewﬁ)i@ﬂ #l?ﬁrtgatenal

ormng el

m'ﬁ’rl@ dd’(‘fla‘éﬁé@fl‘aﬂls"%cret e appl i cations of brittle
[2IMELS sbribifig tnfethbH ﬁ&ohﬁ %G C1Rind'd, WHeRRH tBO Grralidfed portions are

S Ihk&len agpar atg he pr esent i nvention_ are
maﬁlﬁ 2P )h%iFeP‘% irgadiationsenergy, disiripytjan hich is
qusieh ﬁ;stﬁbtﬂ&maaﬁﬂ seaa dsradiation Sna@sd dﬁstﬁaﬁuufn Fhs thvdS péakyportions
moc CO

w5 3. £ el R eocB R € B I wecH Tmte o of e conter
wheorthbiling aloug wdichotheambteript isetonbxt divided, iscbhe cedlien grxisoand the

u'rﬂﬁlhﬁbn@né} Lét mﬁ%%gvm,gaﬁﬁomo adkated with a laser

beam al on r on sal material al ong which

[815They scriking: meahoq acepypsting: t¢|iClaime 4, whereimshe irxadiated; porfions are
irrbdiate@aticitla b&r%f‘bﬁﬁ@ otd foiRed baboﬂhssxae@wafh tHehﬂﬁ 4} which the

oftem ng%ﬁgl%ﬁxsﬂ e the qﬁéqtet?a?fampﬁgﬁsahng

side lpertmt aqxprmma&mmhe ﬂamﬂﬁd lixfeuehmlﬁexteﬁdsl ;maﬁ]laﬂ t&tHe line along

oA 0 59116, B o gl v

mqtmalulatot@rda*aﬂeti ormsd on sai d rmterl aI char acterized

I4]"I'Txetst’ﬁﬂ1nk'iﬂ@ &ia&c@ ordiliy rra | at e lhrtﬁéﬁlrﬁlﬁ&d\%o}%bﬂs formed

beam an pOI‘tI on not

ser
of 'il ﬁp%lﬂ‘l' a crye (fhich extends fromman ppdipartipn ina leng sifle Rortiepaway from
eliribealelg wikich thabatefiaDiRGo bb iivtel 20 d RRMa6AFdidd Portionbe

[5] VI d andé@od chtg't he ¢ wgiy)aé gﬁ%r?lﬁé;ﬁg u:tf'ﬂga ng:p?:{tljﬂ%l is formed
80 aé tml}pvb helehgﬁldnahmdgecﬂmn@bﬁghxhe ik @ldngl which the material is to be
divided and a width in the direction perpendicular to the line along which the material
is to be divided, and said length is defined by the long side portion and said width is
shorter than said length.

(6] The scribing method according to Claim 2, characterized in that the non-irradiated
portion has a space across which said long side portions face each other as a width W,
and when the thickness of the brittle material is T, said W is in a range from T/30 to 2T.
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iIs to be divided is locally cooled. (2] The scribing
nmet hod according to Caim1, wherein the irradi ated
portions are irradiated with a |aser beam havi ng an
irradiation energy distribution which is Gaussian
distribution and said irradiation energy distribution
has two peak portions which are at a distance from

hot er ov a w with a center aids at the
i %afﬁpwg%%vﬁ\ﬁmﬂr ¥herethedrradiated pagtipis formed
obe pdiraf diexinlspoﬂa e saehnd formathiat oﬂeﬂdrdl«hﬁ' lohf tiaéle &f difided in such a

scrlgﬁigl%mﬁ%l g%c':%r qg%&%ﬁ&:‘*&? e{él?ﬁne(ﬂ%tenf;stobe

divideswish a gopdrradigted mmon intersehing u'dbem'eén a pair of

L ARG S NS e@ﬁ%&ﬁuﬁ% '@Jl%lndg | V:Méélg he Hrrad ldkeeﬂgde ﬁt%r&gg of a pair of

whi ch the mat er i al

beFTA ABsHingach & frrmy thab Pﬂ? sertangle isoivided §n guplo agmannetethat the

lqugtthdmal QiR i %lohat Bk VireNalbhe whthiHef matebia & WbhE Bivided with a
lel . to the. l.ine along which the materi al

I
ngnl 5 Bt P&Ed’e‘&mﬂe”én%wa‘rﬁt Wefi%t ance fromthe |ine
[Qil'llhqg!cmmnghnetthed acvording tol Cliah:n tlowhereih thedagkr b@dﬂh if dfvided in an

opsie PR N 5L ol o B ffng PIEHE Yl lces, o
mﬁioev]%ketbﬁuks pftdmling along whish the material i4 torby divided are 1rrad.1ated

wRAIthé a.ﬂn&\aqusei bO4ths, 4@ thild) ﬁfédlma awsr;%f& i al

di vi and sai d | ong_si cli)e Jportion
“é’i F'LB Fﬁam g‘a’%aﬁéﬁ%'ﬁﬂig Glyymcl, grhersin the laser beaphis blocked by a
lightr lﬂd:lkﬂtgedelﬁbiﬂ which hﬁp]ﬁ&rdrm(in opbicASpatld whanta ﬁxddeﬁﬁﬁzﬂ element

oJ & éé"rg'ﬁ"adl r ‘f—l ?%%entg?n E* s%h:l‘f% al A &'{1 ({1 wé-tmn is created, and
Pmlpemn hﬂ’@h pdﬁpeﬁhe linb along ehichahé mearail g beMivided dre irradiated

wﬁﬁtla?srei' 8bamd v?hfcg apendl h‘fécﬂ&g agﬁ@ﬂuss rd %t%ﬁ %Hm'na a.gsi rbddefled.

e Iong si de portion
[1?‘%%9 o aqegrding to Glaim, rvdnen@n itbel spesdof the: @asteo beam

mbkiag Fﬂaﬁtw& E@ﬂﬁq;rﬁzﬂle aRstekAl hﬁéreﬂéﬁ ifl QBcokd 8 W3t amount by

e ERE et B 28T P o ittt b papir ot Ron oW

[lﬂhAcak:lihmg apf:a:tahis for iatkiritele ﬁﬂdtaﬁalabomlﬁ-xs'fng &Y ﬁaWdtﬁ:gl portion for

/ 2 Th
ac cor di 1{1‘8{9{% n@ﬁ%‘% TIh V\Aaesf' B I’?e"%?% ?’g@nﬁ’ﬁm gpgling said
bmtﬁlemtnfeell byofupalyng & covlaritda theshritle niatexialcimda twvingtgostion for
méAfly Eduﬂ‘i'h%dﬁhnF %&uﬁl‘ drfd §id &oﬂh# ggﬂﬂ: 'r@lal I‘t’rﬁ 20 @Tchr@ﬂtﬂ'ee[long a

that the Iong udinal axis Is a

ling, o Prittfesmatesial @lapg whirly thesbritide material is o be divided,
‘wieweini 1 r adi at ed portion interveni ng in between. [8] The

?ﬂlagh%%é thod a cord%fﬂg% ate @émo\ghﬁ%;g n thﬁqgﬁmémboth
sidegrafi thi dineodeng adimﬂieebmﬁledmteﬁ}hﬂ is Bo bo Aividedrand efradiates a

i 08 gl Ao B i

whighthermatgrial igdo pe divided, anﬂ; the\nevhnggmmodobbadbmools [pjortidrealong

th§ﬁﬁébloﬂsmftﬁ9bﬁ%9te9ﬁlfs%ﬁbﬁiv§ﬁeﬁ wherein the
i ]aﬁ’éd’c’é‘ amis divided | n an opt|cal path where a

ERpesatus Acaerding ta Cleighid ¥gheseinithe irradiated pertiogs are
irrpliacedid witkN@ laser beam having an irradiation energy distribution which is

Gaussian distribution, and said irradiation energy distribution has two peak portions
which are at a distance from each other over a width W with a center axis at the center
when the line along which the brittle material is to be divided is the center axis, and the
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portions on both sides of the |line along which the
material is to be divided are irradiated wth the
di vi ded | aser beans, and thus, irradi ated portions are
irradiated. [10] The scribing nethod according to

Caim1, wherein the |aser beamis bl ocked by a |ight
bl ocki ng nenber V\,hl ch is pl aced in an optical path
re a fixed o el e or, a scanni ng opti cal
irgdigtion energy 3335 tﬁgkw p&"ﬁ‘b‘ﬁ‘??‘?’&dl ated portion is

(14} Bl ealibirggabpapatus heosding tdClalm 180€Eerein Ihb&rdaﬂﬁﬁe@diﬁ@ns are
o200 1S LA S8 e o i
mpteriglisdody divided ahtheenteir, snilciagh of said [m&aﬁubpmomdahuga long
sﬂ?—‘ﬁni}ﬁgn approkitl didly i tid B0t a hﬁ@ tﬂrﬁ?&h&xﬁlﬁs z:gteﬁﬂl &fth F’ liiﬁe along

%a}g’ré%‘eam novihg relative to mat eri a

whigh the material is, ta-by digided ak;a #malh distanse frompthe lipg alang wémh the

mhtedih_hm\ﬁé be divididced, when the width of t he

o R bR Sl byt Bl e T on s

forroed ofom lihe or ai quradiwhich regtemdb fiobt he eﬁdtperﬁcﬂ:l inva ldngaside portion
I [l ' said..

ey d3fin B oo B Bkl e 18 b R s d SBRL P piB8 pition.

(18 Ty Ptmbmamaaam\ncmdmrm pini 38, whereimthesizradiated portion is

forrhd Bl aatth Bﬂv@@ Iehkﬂﬁnetﬂg df8itfnGAG g the hBQ 'hio‘ng Qvtﬁéﬂ He inYiRerial is

h. ot | 1 ne drawn on
toy1, EAAR Shl 51 AU e HEeq o ReF ST SELLES (2B dine Flgng which the
maherinﬂfsd;p be wlidded, ant keid Jengttli ia defigedVy tHeong Eidd PoftidtSand said

orti,qns Wth a | aser beamon both sides
wml{l? al&grgtgg%fmﬁq \ﬂ%‘ch the brittle material is to be
(18 The estribing mpmﬂ:wt ascoadmgom iQlaiadi 18, echapeptérized ihithat the
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formed of a line or a curve which extends froman end
portion in a long side portion away fromthe |ine
al ong which the nmaterial is to be divided and said
| ong side portion. (16] The scribing apparatus
according to Claim 13, wherein the irradiated portion
is fornmed so as to have a length in the direction
~t.he lLine along which the naterial is to be
ﬂgh%ﬁgggeaﬁﬁeﬁﬁxm dth in the direction perpendicular to
the line along which the material is to be divided,
and said length is defined by the | ong side portion
and said wdth is shorter than said length. [17] The
scri bing apparatus according to Claim 13,
characterized in that the non-irradiated portion has
a space across which said |long side portions face each
other as a wdth W and when the thickness of the
brittle material is T, said Wis in a range from T/30
to 2T. [18] The scribing apparatus according to C aim
13, wherein the irradiated portion is forned of a
pair of beam spots in such a formthat one circle or
long circle is divided in such a manner that the
| ongi tudinal axis is along the Iine along which the
material is to be divided with a non-irradi ated
portion intervening in between. [19] The scri bing
met hod according to Caim 13, wherein the irradiated
portion of a pair of beamspots in such a formthat
one rectangle is divided in such a manner that the
| ongi tudinal axis is along the |ine along which the
material is to be divided with a non-irradiated
portion intervening in between. [20] The scri bing
apparatus according to Caim12, wherein the
irradiating portion conprises a fixed optical elenment
or a scanning optical elenent for dividing the | aser
beamemtted fromthe irradiating portion into two.
[21] The scribing apparatus according to Caim 12,
wherein the irradiating portion has a |ight blocking
menber for bl ocking a center portion of said |aser
beamin an optical path. [22] The scribing apparatus
according to Claim 13, wherein the irradiating portion
conprises an optical system adjusting portion for
reducing the wwdth Win said non-irradi ated portion
in order to increase the speed of the | aser beam
moving relative 24 to the brittle material. 25
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