Specification Scribing Method for Brittle Mteri 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,
which is a sintered material, single crystal silicon,
sapphire, sem conductor wafer and ceramc, and a
scribing apparatus, and in particular, to a scribing
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[0006} According to the technology disclosed in Japanese Patent No. 3210934, 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



[ 0006] According to the technol ogy disclosed in
Japanese Patent No. 3210934, portions on both sides
of a line along which a substrate is divided are
simultaneously irradiated wth a | aser beam so that
an initial crack is created in the vicinity of an end
of the 1 substrate, and then, portions before or after
t he created crack are irradiated with a |aser beam

su&sc Jl:]Ie’n gglgmg? %%Fo?é g ]go Fr ?ﬁégéﬁté crgglg glﬂeeg@ﬁ[(ﬁgted with a

corTé e cr ac
las[ee bm Acorasihgthedeeprningefisrsks g@;ﬁcmlszﬂt@% agd jtrbecomes difficult
fordRP 3NRE S blagxam ned Patent Publication 2002- 47024,
porti ons on_both

e division after_scribing,
[O%TLeéccslfdnag toc the, dgchnolagy n displgsed; dn cJappangsp (Ypeyagyped Patent
Publitdtivnngooer 47024 afoe dthe alivisioh ekfedyyscritvingy; @%ﬂﬂﬁisCon beﬂhdbﬂgs of a

oL s 8 sSUF e 84 e BB YL, i

besdibsg tleformatiom i danses] int the fownlp stnda eentlsalcmack mgwsses to the rear
t u lg quﬁ
E%%O%ftt csct}g? %Er%g Q{, {“I!} qyéecﬁﬁ ﬁ)gy [ sc ose uﬁ,”ﬁle' amount of

Risaersabbegameeamaldd Patent  Publication 2001-151525, a

[o6oB] | RQotdiRE toS tRY %Ehﬂ?%g? gistlo®ld MR EPhpaneld ITsbx@¥Bled Patent
e materi al and t he

surface of _a brit {io
Pﬂ%ﬂw&m WLAL5} 4 ﬁelbfr Qa% 3% dEasy b 4 oper ghgel rolling over the
sutfadeadti aclirttllewhd terial) @nd them) Ipertﬁﬂ:ls rof loth bidasobihetcseated scribe line
bot h si des of t scrlbe ine are

are rxrrr% dg{t]% w1t OPf O Jnore Spp eﬁal ?Ii;] Ilo ions on b both aﬁdes of the
scmheebem iang mﬁdlatedvmthlheatn epcmkandst}app Istreas fmitbe rd¢b})emlng of a

veftnzﬁl a6t is%p%?&ﬁﬁﬁ&gﬂw dﬁ:%rﬂopﬁm{ bé}ﬁattﬁﬂg kA6 EIILD ﬁd gtlierefore,

quality urfaces I ncreases.

thm‘&%}tﬁpﬁ@etdéw%w@@ﬁmmgwsm sclosed in Japanese
loddBFXﬁéébf&i‘ﬁg Rat eny  tedlialdgdatlise10sed0Gd - maaae Iﬂhéihmﬁhibd Patent

Pl iem 2D0f 158 BT prelk i rtretd FRBR P it bnterigidp irgactiated

a fandtitnla enth b bmebbearl aad acdled apdnthen, théblind track bxpaniib,evhen the
%%e ftia i: a.l Sinlad{a%gci %g&i%%n@m%:%%)“g H[ Egbe n¥ h P%ri!z@ﬁc's both gides of

|ons on created Scri
the cmetedrsean linelneet iwrhdited with ataser bespprthaeecont timg- t Apre result,

thfRnRuhf b chillet {8te@MBUBhe® fmGH! inCiheChRAELLMHELIMRE the brittle

small in the process of breaking the brittle
matesial i al . [00101 According to the technol ogy disclosed

(00 10} |A2Métﬁﬂﬁx%t tobikd tddhaxiagy mﬁ@logad &ﬂtIntaﬁbhbﬂ‘zﬂt Uﬁﬁka‘ﬂ&ed Patent
, tthe material .is irra

PopRABOl T O3 PHEGh S BESR mpb o) U RG R EEa o i & ppgr beam

fortgreInsh ting aokd ﬂ:eapmesblmﬂ emckrdeenhmtvdrbnarmémdja secoed tintelwith a

las\% bb erP :F’ BEth QA cﬁ*@x ﬂﬁ’é Qloﬁ%%% theaori(}'tlgems%ﬁ&gis to be

mat eri al are
dl‘ilfilqdaﬁfia altre@awdtwlaa ﬂ%ebe%ahﬂ fisbtimer st tinme. According

10 1 RBeok@RENGS Othe GbcHioRERU disblodddP AR Iapdneal BRbkmined Patent
PuEﬁcatmn H3 (1991)-13040, portions on both sides of a line drawn on the surface of a

brittle material substrate along which the brittle material substrate is to be cut are

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



Publication H3 (1991)-13040, portions on both sides of
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the substrate, is created, as a result of these stress distribution.

[0014] However, as shown in Fig 16, heat is gradually released from the surface layer of
the substrate through the creation of cooled portion 120, and the creation of cooled
portion 120 when the vertical crack deepens is limited to the surface portion.
Accordingly, as shown in Fig 17, an internal field of compression stress 150 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 substrate, is created, as a result of these stress
di stribution. [0014] However, as shown in Fig 16, heat
is gradually released fromthe surface | ayer of the
substrate through the creation of cooled portion 120,
and the creation of cooled portion 120 when the
vertical crack deepens is limted to the surface
portion. Accordingly, as shown in Fig 17, an interna
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straight vertical crack to deepen in the direction of
the thickness of a substrate, and high quality and
high strength to be gained on the divided surface of
the substrate. Means for Sol ving Probl em[0018]
(Constitution of Caim1l) The present invention
provides a scribing nethod for a brittle material,
according to which a brittle nmaterial is irradiated
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the time of cooling in the vicinity of the line along which the substrate is to be divided.
(Configuration of Claim 3)

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



[0020] (Constitution of CAaim1) The internal field of
conpression stress is prevented from being forned
directly beneath the line along which the substrate
is to be divided when the vertical crack deepens, and
therefore, it is possible to create a vertical crack
straight in the direction of the thickness of the
substrate, and the quality on the divided surface of

foéém\ifl ?ﬁ(ffvgﬁi?l% bite nJiCH a&'}%%éggf%e%%tbﬁﬁﬁ? %g [Pgte?laﬂsrtg BYdivided
at g pmeilaistame frgn therling adensowhick thegpatepiabisdp he tlm;ied and therefore,

a Iagmsuaa& a5viRg rahl PAAiAE ddet@AnBLAH tMnt Whidh }Jaa&% JR8RPortions
having an irradjation energy distri whi ch

ut1on s
whaeh argiat 4 diftanee i pash othpirvena %ﬁw@ WS @ cppfepaxis at the center
wheh! thdilaiel 219ng mﬁ@ytm Bilabdridilitis @b bbaﬁwﬂw iP €K canéd hoBand the

irfifiafioh Bty Retsfect (Rl M5 oAk PORITRR P tare e R Beirpe Aledrainaty
thairoavgativn enlergyhenrbatcendeatrated dlengrelodi vidd @drtion, ahdstress which is
eﬂgﬁ{ve %r ﬂ?&'ﬁeﬁﬁq otflaqre%‘i‘ghﬁ:'cgﬂ be %&%E&Vaﬂ% J]oﬁ c!gghng in the

trons Is zer concentrate

Vlelnzmgof§habne plopg wdich taaeubthéw wlwdhwd@ ef fective f or

(Cédmpuedifl df@laigf 92 vertical crack can be created at
the tine of COO||@%. n the |line alo

h f )
wh cATRPOdiBR i BstrSiefov hereh (he iradia iated QORTiP A fopmegf a Line

or chuﬂeavlﬁkaxt'Eh& fro ol aﬁqﬁrﬁm tn s)!tﬁlgaicﬁ poitiodhvbed &om the line

Railt of. S far 0 des
alofle fhifh, B2 s Rhia O B0 Bl BB TRE Y AphhpedIE R folion
(Cortfigueativnesf ClaindS)each of the above descri bed
irr ad‘h@&ﬁgd@&fd?%&aﬁ% Ebaﬁn?e& Qtpg? 8 Hﬁeﬁag i%ﬁpﬁl the dlrectlon along

appr oxi mat e ormo ext end

the,ding| alang t“'@“%l'héh# impaterinal ifg tavke cdividad gnd arwidth jig ibs fligection
peﬁjenaﬁ@m tattha mlbngi mﬁ@naﬁ ﬁl&wﬁauhs th Ibaechaﬂd@dlgaﬂm tKeh above

]iﬁﬁt b g‘?ﬁl}efl%gaﬁ%gﬂ?%m ﬁgpgiyl {.}}e L%{mer% descr b&i width is

sh&raa' thao thxemlb@vp desdribad length, cindaherefire, astrbiss tvhivhds ffertive for the

cre%’?ig oP& Ue\%&m&’l\/ ?%ckac'awbgt xbﬁaWdV\AtWE aﬁl%eog E(?oﬁm Xlll I?h ?of the line

I ne erla
alobevthlf\'h@’edmbﬁmtheswémtbvld is and the i rrad| at| on

ﬂlﬁﬂFﬁﬁMﬁgﬁkhﬁﬁﬁféﬂﬁhﬁﬂD peak portions is zero can be
gai ned. ~Accor di n _the irradiation energy can
RipeRip

Sonc Lkt naR adi HAES & ispReesFese Srhichythe %bpveeégscnbed long
md‘éhio@ﬁoﬂssfac@fefa&iﬂoth/e@ 408 Wilth GV edid @hepftha tlﬂ%khésﬁ&if the brittle

t ed he.t f I
mefoRfiie 5 VBF PR RrREME] Sh® ih it et gL g B 854 gherefore
intbenadl fivlddd dompressitn guesmtis preveiteCimimbeldg dwatedisdaigrtbaiine along
Wh?(ﬁl Jcﬂel Huc‘l}fs{:ﬁhfgs t&“%@fcﬁhﬁe& h&d %Igﬂ%@e'ﬂe?o g£§ lvw%%ré Stress that is

or ned ine or a curve froman en

effessive iferrerpating 4 vergical aackysmt heopeatpd pat by ifﬁrm?é opikegh sides of the
lindhRAg wmumetshﬁstfa& egﬂoa:le dividdPatiBie dinvd hRbolafd t he

above desc | ong si rtio
gccor mg y, sp 1nterpng and t%eq e can T)e prevented on the divided surfaces,

and the speed of scribing can be increased, by setting an appropriate W.
(Configuration of Claim 7)

The irradiated 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



(Configuration of Claim5) The irradiated portion is

formed so as to have a length in the direction al ong

the line along which the material is to be divided and

awdth in the direction perpendicular to the |ine

al ong which the material is to be divided, and the

above described length is defined by the |ong side

portion and the above described width is shorter than
for\%ﬂjeﬁ b%pvp 68 tg? il ?l{/ te fcul.evn g’%hl(:h g&gré s. rn? {:}?ere%d \}J%E’t{l()qlso% the long side
pogticacin igh sbdirestiontasdtoanovetgraduatly wasct'rem thg line alpae which the
suygte{tgué Yo gre dlhee.i unﬁ uﬁlsp&ge BhiICHh medﬁuhﬁﬁfoatﬁ th@ ik diation

divid ]rl figuration of Claim®g
en?r@ﬁ1$ F’Fﬁtﬁfi &ﬂ‘é’@ the leneti ma%ﬂlangﬁﬁeetée% o%cmmew ﬁm@wmately
eqa&l%ﬁ:rdﬁmaebeﬁcom&smw A£esp Qkd bﬁaﬁedfﬁpﬁotﬁ%ﬁbs(ww 1ifé along

wii bie ShperaBTis BN aiciiBa A ERSBEn Shinl epysuhighf yartical crack

bedonmapdésile t 0 2T and therefore internal field of

conp %1%?% "‘BPF %&E]S’Sﬁa th’s ! mﬁ&‘éﬁ&ﬁt xﬁgarfs %%—:H g%ﬂl%d by %@fog&img a circle,

al on e IS

ang| mwhdba ellmmal ﬁma:d am tracipforms bthat isHe say, dormsformedeaf spmicircles

at Scﬁti:%ﬁhh )iﬁ‘d hﬁés &Eﬁﬂ%&ﬁ&c&h\é&‘é denfidikcl€ pAEHnOAN be created
orned o sides of the |ine along which

n
E(@E}BSY“P&’PE Ofg’l"t“a e divided at the tine of cooling.
Accomié ngwateaﬁiowi&eaﬂarr@imaﬁepbﬂske sGéia ﬁ@mﬂ:_hﬁl}/(ﬁﬁh@&angle
is :@gﬁle zn ?\Ih aggmggﬁgrr%:?g @ieilmz%ﬁg e 7 pige Ingttge tle Qfogg which the
mdt@mifllsg:urlmt dmteé%meh ai mon7iyrrafiaged lpbwd)nah:emmnkiinrbemeen, and
thtIero é a?{ C}f‘%@'\{l hgmgﬂﬁtgé ) c}:ﬂe ‘?H'Qtﬂa 01]; Qﬁ&h} eﬁ&% wide.
C|rc € IS ner

Cl rc I N suc
Ac@qirémlsbrngurtam“hmachaﬁeé postien #ngregted, and thusarreatjonef am internal

fields¥ d&ﬁﬁ:%slsﬁh dtfesh mola@ tﬂé \hlnd efon¥ %hicR tﬂ@ Inlbd’tfa%@l h@ioe@' divided is
orti.on dr&‘ﬁegl n]% t ween, E)fg‘?ft er ef ore, £

Prvspied, a RO%Hras apgreate tixe E‘i’%ssafﬁ’g‘ihe “F%at“’“ ota

veftichDéraeidathe wiaedoflcosling dan bercrédied onboth sides ebtleXirerisng which

n orti,on of the long side portion in such
thes%@%r%%“g E’eﬁ’ dtdane gradual ly away fromthe |ine

HK&HbK@nﬁhummwnhéCh®uﬂéirate is to be divided, and thus,
the prakndeR offife lgé&tb"ebﬁ%#ﬁﬁg ﬂaﬁatﬁw@% lthd ﬁ’z‘i‘ét&tdu%na is increased

energy 1Is | ocat al ong t de portion w_t

in pegprdanpge ik dhe gmpunthy,which the er V%waflu@dt Bhemthe width of the
no#h- hx@b&i&telaf pea;mrl a§SWo nmﬁih rtﬁSﬁef&ée atelr Q?bﬁﬁirﬁfb befdh sWdesr the
i ne .a ic S rate |
oS oL P M S o SRR fagh be BREPTed b adiusting
thecspeed of thevearnms opdhedadelr beaxhl@élatlve toothg sﬂbﬁtf}ite. inthis
] ' n : gai ned by deformng a circle,

kx%ﬁ%ﬁghggggggggfP%“%ﬁ%g} fornms and track fornms (that is

[12] & gg’ﬁngfampmtﬂ@ qu@cbr@ﬁclege@p@a} is|peevided with® an irradiating portion

for irradiating a brittle material with a laser beam; a cooling portion for locally cooling

the above described brittle material by supplying a coolant to the brittle material; and a
moving portion for moving the above described irradiating portion and the above
described cooling portion relative to each other along a line 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 heam along the line along which the material is to be



at both ends and |ines which connect these semcircle

portions). [00231 (Configuration of Claim8) The

irradi ated portion of a pair of beam spots in such a

formthat one rectangle is divided in such a nanner

that the longitudinal axis is along the |ine al ong

which the material is to be divided with a

non-irradi ated portion interveni ng in between, and
dl\tnggc{ ng{tlgg r(]:E)Ore]lﬁ gp [?o%%xg g g ;lsn%:pgxetmn %B%%B{J t]!l al%n% whlch the
brrttiﬁ rnw;emlrlado he elmm and mhtfrsfom, cadadign Oéndattahsh;, Vertlcal crack is
poSdiBiR! éﬁ‘t}&fcoﬁﬂhtf Q‘?Jh n% elh‘?ttﬁf SRPRI @ﬁsﬁé)&tﬁhéf%% that the

al on i ne g strate IS
qugliti fgé’ae ?@Strmeeqw idedrfarfage WP@F%BIgB@Pfiltbﬁéwﬂ?ﬂ SHrface has

hlgagtr@l{geme effectlve stress for the creation of a
tical 1%) the time of cooling can be created
%?ﬂ“%?o@ the line along which the substrate
i s t dt eprefevilde fhr the 82Hing ﬁm@&h@snahh‘mﬁa ednfigusationldherein the

mégiﬁ{zgggpeo‘iinggxg i ;ﬁ%\h&‘éde a;&e%%‘avama{ Ble ancet £ E:{]hex%% optical

I'S I NCrease "N aCcor
elexpany for diyidinig) thi laskebeamiedittetd from thiiseadiativgportipreinkp tvk

(Cgﬁﬁé@gmmmlhﬁﬁgﬁl ated portion is W and therefore, an
appropriate wdth Wfor the non-irradiated portlon

can Beisgaeferaiyforihe seriying apnaratig te Aavare confisventioaagvhgrein the

1rﬂd1aﬁt§klp&§noﬂ Res aﬂggﬁtmvaa%g&gj ﬁ;f(r é%&?_u{ga§ %fx_lﬂéﬁ @a?;mn of the
re | v.e sSupstra n Igura | oNn O
abpye feseriia Rees eﬂné‘&PFBPHEfJQEg‘ar tus for 8 brittle

(Cuﬁmatadnafs()lpmnm)ded with: an irradiating portion for

| rrag ﬁtﬂrgﬂrfﬁﬂ? fo ttfnl, ?cggﬁgqeélﬁp%h’a ttg' h%%ﬁ%&%ﬁg@?ﬁggn Pherein the

cool i ng portlon cO0
irrgéigbing Beﬁlomrcpmvneem aptical syatfns&qmtyxgr@r‘raom@o resneingdhe width

thﬂ ehd Eb&v%' @semearﬁoalmamecﬂ omawlﬂ GrdQthiiAhe AR tHERYEADof the
above |rrr6ﬂ |ng portion and the above

Iasﬁégﬁ‘ﬂ‘lﬁ‘é’ﬂ% tﬁ’@t‘bg}etl? ematefial e {0 each other al ong
Br&fﬂ]eﬁm;ﬂfoawﬂtlimDidﬂ\&n@’I ttle material along which the

' X di yi ded. [ h .
L e e it —
to g m@dnasmrofbbtamemtbmdmtis:ndes of the Iline al ong

whi C?‘;é E?s Q bﬁéﬂuﬁmﬁﬁg ahlaéh ng g&b\?\% Ef Qf Qﬂggtical system of

irradiates a non-irradiate potlon s n
the poribinsanparatios pf Bigllaser beam al ong the line al ong

whi clpig g S@hehhad dllaFraans}Qﬁvmg agttNéA8cbodanehtloP 8n optical system

cools a portion along the line

ooI| portion | qgcall
°f§19 \%ﬁ.aeﬁa’laﬁ‘és °f8:‘li$tl‘tl e material is to be divided,
and &7‘@4 afandiegraed mwmg“rth@ffoxaa Gﬂaﬂ&ia@hip,ot Lgrfbringeall thedmk;cribing

ac o§d1%1? 05 ﬁ{n_gitrSSen@ q'e}np grb G328 Q%x r(]ﬁa fio%r enel{%rl c? t?ﬂ)u?ion,

can
qual Fig/ 508 a fiagsamshowing the fpm Od iav patwentionsl deem spot and the

mQﬁgﬁg}?gng}wﬁlsmtlﬁe di vi ded surface has high

strength
F(i:]g 6 is a 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
“gplintering”; 4

Fig 9 is a table comparing and evaluating “splintering” which occurs when



(Configuration of Claim20) It is preferable for the
scri bing apparatus to have a configuration wherein the
irradiating portion is provided with a fixed opti cal

el ement or a scanning optical elenent for dividing
the | aser beamemtted fromthe irradiating portion
into two. (Configuration of Caim2l) It is
preferable for the scribing apparatus to have a

nf i n._wWher irradi as a
be%r% SH? t:)ireau e% accor rx}%to tlﬁe Oll)_re%eint 1l%den?i‘6a ce% e].&ljl b 0N of .
t he Fih o &s @Iebcuogmh df ane divhdeshsu carganpdlbaa#snna@ lgonventional

be&rﬁ%ﬁf)ﬂ %Heﬁ%%&lﬁecﬁbﬁ‘hﬁhé%ﬁe 1‘%/1de§ s;ﬁ?ffﬁcf,e@r able for the
scrib 31 apparatus to have_a, caonfiguration wherein the

Crr adis iy 2 gRhofqestp e shpng disided pusther &ained byt wting a beam spot
ac@galug tda 131 g@@gbeht Rivehfibn, ft@lgb!iﬁ:ﬂ%ge Bf¥6ctibinGlléhg tHhé gihtldt’dl%urface,

apove,. [l oe on-irradiate ret.1.on,.l r I

or i EAD o o helg o SRoH SIePdist bR Hstie e p pubstrate
aldng lie AbAiint Fig b@t gaihed usibgi ®fcobemtiohil bexm ofpot; Eig 12(b) is a
ph@b%ﬁpﬂ%ﬁo{r&%%@%nﬂr%eépﬁémﬁ oﬁﬁ%g[ﬂy showi ng t he

ura ratus according to

one EibHRkiephetogeah fhowsune endef theofividpi quiagesta substrate

alo?ﬁhﬁfér% Bomqﬁﬁgi ARiRdONiRga %Qaﬁ'@%é&@@ﬁgﬂé){o ﬁ@ pQSHehP flvention;
Xstemo escrlblng apparatuso g}é 3is a

Fig 13{bhi exaphshowmng dheplaresd pertionaf Sig 1k of an

opti Tad 14 )esi graphOdhotvigy Rl delitidgslap hatwwdenthe fwiltlgWlof a portion

e P PO Qe 3B, BRI PE o R Bl widh W of o
portipnevhiclois, nod itadihediM mad ithd sp@ad efieriingddist ri buti on;
Fi g %‘1%%?{ ol gdslaﬁ&ﬁgtm %FW | Showi féér?é 991‘9;5 &Ec&g&&%ﬂiﬂlﬂ rQ%lubse,t;raau:e

beam stribution;
whepp gentisahergrlnds sxeptadofipmthe rrurfage ﬁ? the substrage iy ssprning and
irrR@afths Bt sxﬁ'f!l@e b@e shl%étﬁ{ib aﬁihgmcﬁnsﬁ%aﬂlﬁ&r Bé&Hth on; |
|sa |aram ow n e m O aconenlona
bearr;‘ i s grrghematic %ﬁgrém%wwé%? tressds wpateg JriFiip a substrate
by F&rgdﬁtmg the SulRBStsS@thi sodvakertioagl BiavsSham gt SukShamice as in
. a illustrating "splintering”; Fig 9 is a table

1%on’pari ng and eval uating "splintering" which occurs
when Figl hie arschgroatic dingragsgdowing v stmesstincrehted prithin ptsubstrate

byiﬂ'ﬁ&imi.hg @h@é\g)s‘:ﬁee Q{th% cod¥intional laser beam in the same manner as in
Fig 15;

Fig 18 is a schematic diagram showing the state of an internal field of
compression stress created when a beam spot is used according to the prior art;

Fig 19 is a schematic diagram showing the state of an internal field of
compression stress created when a beam spot is used according to the present invention;

Fig 20 is a diagram showing 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 beam 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 23 is a diagram showing another example of the configuration of a beam

spot according to the present invention;



Fig 10 is a photograph of one divided surface gai ned

by using a conventional beam spot, taken in the

direction along the divided surface; Fig 11 is a

phot ograph of one divided surface gained by using a

beam spot according to the present invention, taken

in the direction along the divided surface; Fig 12(a)

is a photograph showi ng one end of the divided surface

of a :

2 conbnt bR amer il ot dlpbieiofde RMARILUTRIA beam
spefiasedrAmedn tmlﬁﬁ'i}@dn‘f?@ﬁlppmdof Fig 12(a); Fig 13(a) is

a pheiogs aph dﬁt?%%oﬁﬁfg ﬁ{b@h&fexhhﬁléiwﬁhdeﬂnﬁgursas& oPh beam

a subsirate alonrg?d |ne B-B in Fig 11, gained using a

SPR}ACFATEISEC B RFeRR T dOYeRtPPe present invention; Fig
ExpBina}ion 6f Synitds ogr aph showi ng an enl ar ged porti on of
3(a 14 is a graph showi ng the relationship
m@é?v\é %%dﬂﬂg %of a portion which is not
i rraédi aeboz Mriiod the | ength of "splinters" and between

the w {o portion which is not irradiated M
and th%kspeé@ n? scribing S; Fig 15 is a schematic

di agPagRtisAbsWstA® how stress is created within a

substipadaibinglppartyertical crack is created fromthe
of. the substrate by scanning and irradiating

surfgg
the €5r1%H8 of the substrate with a conventional |aser
beanp0Fupstihitei s a schemati ¢ di agram showi ng how stress

IS C ‘fqt%bf(&%] nApybstrate by irradiating the
subs & conventional |aser beamin the same

BeniaMn@&foa§amm§:‘Dgtth§1nﬁmgmm7 is a schematic diagram
[O@@P[’E#&%pﬁ@&@ﬁn‘ﬁ%ﬁ tioh oFApAL,AfLelM thin a substrate by

irradiating the substrate wth a conventional |aser
beanmi? fhe fllowing arﬁﬁﬁh’é‘ﬂ methpd, angascyibingranpazgtup aecording to an

enﬁ)&ﬂh@ﬁ&t bpthdipa@éamrﬁbﬂuwgetda@:r&feam référedé® folthe ﬁﬂﬂl»mgs
fiel eat ed,,when_.a bea

ressi on st r.e ot .
|5 U o PR, SPheriaSE Ry FhTE e EpRTRn oF & scribing
appadaénm hiording goaones hmhe&gndnh eofsthat prerséntamventlm nalhe scribing

ap{.»z;rglzlgs 1§f isu % ngé;{p%p%f%E E’oq'sﬂ?w&ﬁ]?%t%igssv}g&ﬁe@sﬁgﬁmes g»%xample,

S uSed acc € presen vent| on

intg agtuaefreaiof glasnsubgtratestveich syearsed for FELYy @at p%wéé!@plays)

[0020P 8¢ ing de@arauﬁsmr@bfovmw%ah a%ciﬁ‘aﬁia@ﬁg%fﬁkﬁl BfoR $@Hliating a
Sp ot. accor prior art IS

slagp gbsirafe %W&ga?tglgzqtﬁbgﬁlam Fryise pgRsHoBd) fgé%ﬁﬂ‘%a stoled pot CP by
jettifng &dt@lam Mwater £hd ail) ﬁél{unb lgtas ON: rg&s aCOe gas w @he like) which is
s G S 6k ARt et i »ieafle 6T L F o portion
nop$honh ﬁmmovsqgg)theaumdradlmgmmoxt heng tlusmlelﬂi\né' thé @xwling 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 irradiating 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 LS 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

10



Fig 23 is a diagram showi ng anot her exanple of the
configuration of a beam spot according to the present
invention; 9 Fig 24 is a diagram showi ng anot her
exanpl e of the configuration of a beam spot according
to the present invention; and Fig 25 is a diagram
showi ng anot her exanple of the configuration of a beam
spot according to the present invention. Explanation

a (.chtte§%gg not[ %1%%@\ folr cre::rttn'fflé:i ggtﬂu@%.l atci: Fh %eciogﬁ)e% t'he gétartmg

ortion
poslé |f¢1b$cn§msppamawispormn oﬁ glazs eulfs@rates é%s‘t benttaghied dnj thietside of

mmﬁﬁh Bsnﬁﬁﬁ%rthﬁee%{mﬂ\%%s&ﬂo th@hbyAd sy Qut the
| on_. [00 28%é Configuratjaqn of

[OO&B}V)IE g8 £ gaf 3|rﬂSHeﬁ élwhommgptwal yetarmpryided imBradipngportion 1
ac@@dmﬁltmgnaﬁpaﬁmbﬂﬁ according to an enbodi nent of the

B o LR i 15 S b B 56 etgann 1
and onfdegeardénson 4D hindi48 ard dirsggeddppa mgtu:ai paﬂn ording to
one tg‘?egddegganB %m&%g it §elg§erl Jggxpgtt.olrgg dwgtne%. 2&5 ‘;‘pc!) 99 optical

apparatu as an ‘ap
elegieat for diyiding 20 eptical path 4¥,a9nsm sihgh coridapaer dense *ncbi3 and

prtgée'ﬁﬁ b%k&ﬁ%bb@LS‘%n WMliptaPofm S &E wHEh EIBEE sublstrh @l 5O RNBladiated.

‘E’"ai‘% [ 0029], Scribj ng apparatus 10 is provided
Befin Msr fadaoatlrrﬁglw pergign Mig bang form awnbneaalong which a

me@éx@ﬂ&smxﬁﬂbesﬁo with a [aser beam a cooli ng

ool LAvetp At Broickar tehfh SE PR R thE B qn ghthe gbhyadefiun b in

the digectioh of thetehott dxis amsliwisith &4 of memireadiaied anttm&ddrcw be changed
by ?&%e&ﬁgmd_;*&{n%ﬂg d.%t %Laﬁwe%gl aap&ﬁ?ca.mginggt BR)EthI nglg 2 and

e irradiating portion

glagh gubgipate S0p thasf ist weSﬂeyoé}sm}e pbbetwean condenser ﬂw 43oand glass
sultass 56 tabs%aﬁ@teq)ewe@l QB Geritet Ien€ 42 h AR GlavbiiHatrahes0, and dlstance

R b 1o et e B

0SCi Thaie(lfdj\(a‘tménﬁmmﬂeemadm ahp @il knowal optiaD¥ssterh @djusting
pmg%sl%&t% owg ds%%?ﬁ&) ieqiog)]t cgfssg%{(]egn g_an irradiate glass
[0031] Optical system 5 of Fig 3 is the same as optical system 4 of Fig 2, except that a
light blocking member 51 is provided in the optical path instead of optical element for
dividing an optical path 41 in optical system 4 of Fig 2.

As light blocking member 51, a wire having a desired diameter which is placed
in the optical path between condenser lens 43 and glass substrate 50 can be cited as an
example.

Though light blocking member 51 is incorporated in optical system 5 in the
above described example of the configuration of the apparatus, light blocking member
51 may be installed on substrate 50. Concretely, an embodiment where a wire is
attached to a table on which substrate 50 is mounted as light blocking member 51 and
the entirety is irradiated with laser beam LB can be cited. Light blocking member 51
is installed on substrate 50 in this manner, and thus, conventional optical systems can
be used as they are, without additionally incorporating light blocking member 51 in
optical system 5.

[0032] Though in the above described embodiment of the optical system, optical element
4] for dividing an optical path, which is a fixed optical element, is used, fixed optical
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beamemtted fromthe |aser oscillator using the
optical system described bel ow so that a beam spot
LS having a non-irradiated portion Mis projected on
gl ass substrate 50. Here, "beamspot” in this
i nvention nmeans a portion on the surface of a
substrate which is irradiated with a | aser beam when
t he surface of the substrate is irradiated with a
i rabl e fo ns
elefn‘?'e%fti3 8 e 'Qs ﬂdglrillgl mt{ Qtlgr m e? Gah eb%a S%fle fnlgdcf‘? Qn scanning
optzltzﬂlteé&memeeau):h ap gelvehownirrors rpObrgeramw@raaw Tespn4ng lelements, can
alsg,rbangM| ch becones the starting point for scribing
end portion of glass substrate 50 to be attached
[0930’@] f‘ﬁf@ﬂgﬂa@f@emtw adi ating portion 1 at the center
op poﬂ::sﬁ ab @hbthlﬁ iNP#%zl, ﬁn?ﬂ-ltlai &Q&QtI'R et High Qecgﬁigs # starting point for
r.espectively show an o st e ovi ded in
seiiPR i PR 50 PPOROTHOR SEEBMAIGITED AUt oA r cfegtine an
initip} t1mek (sotsthevmi MNexEiglasd, substratetd0cialirmbatehtvithdaser beam LB
frogd g{,gi ﬂ%g@brﬂgﬁﬁcal path 41 and condenser |enses 42
ar

arranged in an optical path. Laser beam LB
K’@rﬂ In the daseywherel apsicnl aystent 4 of Big 2 is usedsilaked beamd.B ewittpgl from

irr@htifg bortﬁ:‘nei@rﬂlwﬁéﬂ irfth Wv&i bi gpt@ﬁ} Qﬁiﬂeﬁ@ kor %ﬂmﬁjam optical path
condenser | enses 3

ses thro .
115 B} ?e%’t%asaesﬁga‘i‘ﬂ%‘pf% qoger Jegses) 45 ﬁ% ‘é%wnflarmctwbpwn spot L’ in
emphic@mfoginasﬁﬂs sdSdh ataes S0bdteate r50a4di idt«diated . BeBdtinS ppét LS has a

ol ip il borfirt M i inadpres whiey s safip 1 che ee aitipn B optiea

elepfenp fCUJdmﬂmd ab@atmdpnath &B and tthe tvep lbiamespiot bR, whichlxee separated
| ' .

by éf)%lﬂgrxgmﬁed g&ﬂﬁb\l ai'en ro e?%&?yhuﬁ%h@& rjp Im tbgﬁ %ig%sr %fé line along
whaghothg apptemigl ip é‘!s?m@ﬂd@éls% adj usting the distance

[0038] EEHR AEHholtdpEidAl s%lst%&?@hf QNG ustd, Th@r BeARAB ShAKA from

bstrate,50, that js sa i stance. d
irrSdiAtER Sorianoh gasres A ﬁ&g’é‘y“"%‘ﬂb@f‘?e&t@ %P T 2 loqlegd by light
blobkihgasembaniicoSEig 3, enrl ﬁhﬁjﬂﬁﬁ%@hﬁﬁ]&ti@ﬁ eHipeicalOforarithving a
lon%it?tzh%g.r EX.I% ? hﬁ)e%tjx_nwsee 9 Lgﬂlgégl%gu S?ﬂ?et %ﬁv Ibglmq %r?nncreated by
llghti])lgétmﬁa ntesnbcaﬁl he thacbext@yptahyn,mtdl thi mmemptspgtaLS which are

sem%&%}ra%%kaﬂ&d ;J%%Bﬂ ?” ﬁ}&%;e?é@@%m%@éﬁ ?%ﬁ bbth 31des of line

optl cal system4 tical systemb5 o 3

alopg & ﬁh@ea%at%t‘]ilé&? %%td@ﬁﬁé of Fig 2, except t hat a

[0036D Ak dbbam@aingofow N&R1cab dydtémPf aud %ﬁcﬂmybﬁaﬁ BP4llcHAl irradiated
ead. o I Vi di

th [ | | t ,
ol tlpy B wipEietRR A st L 1p baponee el skie LG qp both
sidbé C_)fdMGI’ajprlgB?vﬂheh tife_]maiarml iseo hatividgd 81 esd thechodriamdiated portion

'igﬁ ﬁ-ra‘?lgaq‘éi? Gitnl le G QR &%lecgii% Eo@ﬁ&%\ﬁg{%dg)gﬂgo%nﬁq{a band

ass SU strate can
for@x a}@pg dine along which the material is to be divided SL. Here, width W of

non-irradiated portion M of beam spot LS’ is set in accordance with the thickness T and

the properties of glass substrate 50.

[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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Though Iight bl ocking nmenber 51 is incorporated in

optical system5 in the above described exanpl e of

the configuration of the apparatus, |ight bl ocking

menber 51 may be installed on substrate 50.

Concretely, an enbodi ment where a wire is attached to

a table on which substrate 50 is nounted as |ight

bl ocki ng nenber 51 and the entirety is irradi ated
dlg(_ll_et:cp SL ‘rjlﬁc’necir b?ﬁam %crtllvg ) ¢ e atatelgd%hne g{&%gglhﬁc&n rl}lé:?maﬁ%n fls to be
dmﬂmlsSL c d?nesmn madiat@#)powah M jrchandeforrapxtends aleagllinesalong which

thi B&Yerdi 6s t ditionally incorporating |ight
%F] 1.l?air%g tr?e\iye Cﬁ‘g&%dl@]g optical syst em 5. [0032] Though

m‘?ﬁtlﬁ@t%@w. deawy sa9b L€ iieigh rraettes oelative tgpglpesypubstrate 50 is
folﬁ%ﬁﬂeﬁﬂ c&éd @Jﬁ&vt @Peﬁ'ﬁﬁh is dokedtod lﬂr' Jekih & @d’ﬂ)léiﬂ%r&ﬁ' nozzle 21.

Copisigh Soiees 4 SRR U5 Cha IBFIItS OBbesis I T i gated Hhrough
irradiation Syitlc Bisebbemw ahd imgicbididtely, aftee,od bockint 8 (tkakiland thus,
o FARTERAS iSOl @B Y28 L0y LOLKIET L 50300 i the

esonan
w@lﬂltmfsqoaled ondt €Pr Ehis tensild etwpss arilowwsga tertioal qradk alang lme along

wHISHHS Jﬂeﬂ@l‘ it Kbeﬁ%@& SB téBé‘&%ht!&ﬂ iR B{erkﬁcx Eﬂ% ofc%ﬁfe& Qb&EDP with

is created 1n an end portlon | rate
initig] ¢rgcly TRerased wrancend portien %frglawp?qtaqte éP a8 khe m’ftmg point.
[WM&Mbnogha&gsgaﬂstrate 50 is irradiated with

| ase mLB {ro lating portion 1 0034] In. .
e n 2ot to gt tos] a5 RE b ShaBRceprigies of udard gapts prbjected in
actoad@mrce beidn th8 seribing etlefhodmand theaderiting gxpparatma) nccbrdiag to the

prgs!e%ﬂ qﬁ?enltﬂbo(heﬁ 8%3 Oginjlpg?l refirRiE @(% hf Ol anI E%ﬂ;gf 3He present

asses roug
m‘reeﬁtgeé wd@ndbet%an@mm@q @ghesmb@am rstpmteésn apwrdance with the

sc:@llnhg I%étﬁ@ci ah@'the ééhbﬂlg\ﬁ%p%?at% 3R SordthgSto’ HeCpr2ét At (hereinafter

lrra at ed. Beam spot has a, non-irradiated
VF?‘]B’F?"‘M“??’? @Sﬁ‘&@%"r%“%l"&ﬁﬁ%)creat ed in the center
por t Fe2 byhowat the ddradiatienendred distdbwtich 6 Bean©pidt ®@fthe present
h 41, and the two beam spot IS, which are separated
V' R0n-irradiated portion M are projected
symrén Mg &) theolatdyal hxisiividbisates theé dmtaice itpm imk cliortghwhich the
md TR &Y ib FJ bd diyid@d gﬁ ghﬁﬁhgﬁg mLp%z%SS%ndicgtetsrlﬁe ﬁ@éﬁaé%l?éx?ergy

optlca system IS use aser beam L

eni t Tke bpgra gpotjof tlmra@em invsatien rpart @f@s@é@dﬁﬁfxbn@ﬁm which is

1rr§@iﬁ€€@r\§1@ﬁ a 12088 BSardt BaARE afl Jrradifitibh 06&F dR¥ribitiM that is Gaussian
ngl ng nmenber 51 of Fig 3, and projects beamspot IS
digtbu§ien. ot i cal form having a |ongitudinal axis. Beam

spot Th&irrhdatioweneicgy digiriiueidn pothe iomditédpdraing if daracterized by
hag%gt%%vgg)’ea aﬂ%flt]ltoﬂsg gli .'9 ldP agnlacgm%gt:% Exéxt e]i' Val,]vgr %Qv%dt%eﬂ’tﬁﬁh line along
whichpthe anateriblis tobe dividadiSdt aetdhp oerttepAnd/pan arrediption endrgy between

thé%@akip%ﬁhdn% Bherpot h sides of line

[0040] Fig 4 shows an example of the form of a beam spot LS projected in accordance

(&}

in entc

with the scribing method and the scribing apparatus of the present invention (upper
part), and the irradiation energy distribution of the above described beam spot LS’
(lower part).

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 divaded SL.
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al ong which the material is to be divided SL. [0036]

As descri bed above, optical system 4 tand opti cal

systemb5 allows irradiated portions which are

irradiated with | aser beam LB to becone beam spots LS

on both sides of line along which the material is to

be divided SL, and the non-irradi ated portion which

is not irradiated with | aser beam LB to becone

non t or-1_0n in n f .al o |4

o on iR ERUBN & 0 o Valobor iRR e RB Wbich Aorm that one
elligisei lwtbthe longaxip isadonet ling gdong Which bheohatsaiahissp be diviled SLis

dividedSPith h@xoﬂ%gﬂﬂf’erﬂcfor%ﬂ B fnbGvidthe h&{lﬁ&%eérn and the
properties ass substrate 50. [0037] Next, as

show® a%lrrardgattg reitioa R banwiors S@mppftecal fapgrasiptely the frm of
a 1RRIWhiGk edteh8s pafAVETtol 1eadlbiVEwhRhGha $SatsidlSk k@ be dﬁ»@ded SLata

dw%%f’c?%vﬁeﬁ?ee%”v?%wﬁmiaﬁﬁwi%‘rerﬁlif%d?we%@éfw e sjie which
thesmhteeial ingopeoidividestf SIgl ass substrate 50 by beam spot

[0d4§LC?r\%? gmltl%gg h og%gﬂi élE%Jm Y&Sg 3"1(?4 ;?otrt WL f LI% f%lqged of a curve which

projec

exﬁendaﬂmttbdelpibpqrtmof 1¢naﬁadmmrt;mf incbhe dgwtaﬂmw fren dipg along

whidh&hs diReMk1dh &b mheidw SL a%uds.?g fde iadr&en al ong which the
material. is to_be di vi ded SL hese

res pE‘EP%@ldW"é%Dér% *“éﬂ forrged pos faﬂa«mg a\)\xﬂgé]h agp the direction along
lindallétg @hichSthe OmBRriallis/ t618e dBkidedOSE =i widellib2t @dthe direction

i iL,n band f t end L i I ich ,
peRRRSRE H b (0He, wRIeR 4E Hatrrial e eope, g P el Sicpil Ben o o
defoedrhydpug silSpontion dlandwwiéth 2sb shorter then dingtisa.s Ubsthertveords, in
irr?ﬂaf:eﬁ ofrﬁj)xlsoﬂ'e gheb}%nr om ﬁ%;z%%t tfu%%ﬁ@%ow aioﬁ %@aﬁ&‘&k m‘mh the

g a_coof ant nozzl |on stre
mﬂt%““tlr’éa’toehe idividerb Sl & srqayerofh@eéhﬁ mmm ot an ﬁhs " direction

peﬁea&@@haftbl"m&%l?ng Wwhditpd Fﬁ%ﬂl%@?ﬁﬁd&?ﬂﬂ‘ tLE and

ely a er a Cool.an e us,

[Ooégﬁ'?‘i‘ ated, portiong Rigre; %faéfaft%'%:fm %ﬁel‘tbﬁ%m ayiRg gp igpdiation
endrgy edibiritaltionr ablchi 3 dAZankiad ﬂi&tﬁlhﬁmnwmdn ithey mfadmmhednergy

dlsi?rfbuthFila-ngsol ﬁegﬂsb hr 3 At a erncael {Ym retFl %tlher hoks aa \gldth W
witg|the @btb@ dcscedleé dentnr vheat/ﬁhclcennuey “diendme labahg Stk tblé material is

toW&Ede&@%ﬁéﬂiec%ﬁ%‘{-‘ﬁm-ER created in an end portion of

g ass substrate as the startlng p0|nt

[ Conttiigureferabie for the anadtpWiof a pon-Eradivisd éof@%!f be wighin a
rangeditin 2/80 th 2 Ik the ttBickSdsk eﬁtlﬁfbrﬁﬁa APRAISs [V OHesd ek width

i acc ce W Cr.i b nmet hod and t he
W%P&Olnk}ﬁ?a aiifB%?H%M&&@S? eﬁé’e “the present invention
[004BleAe Heafibet abuvnpﬂh\p fourh of bexan spotdsS’ dhkhamreeat ifentie satisfies

the%ﬁ&/?jﬂ Acﬁé{&&tl on") are described and conpared to
beam spots pr o] ected in accordance with the scribin

net hdd Thadeam spetds ifdyimed of ppairafirraditedrupirtienst B hajing the same
forR lw@ﬁchaﬂe féﬂﬁédeéﬁﬁ%&t%{cauﬁ LERh ¥qhfif BEth ARGk £0mAthe 6 Which the
spot .of the prior art").
materal 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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Fig 21 shows the irradiation energy distribution of a
beam spot of the present invention. In Fig 21, the

| ateral axis indicates the distance fromline al ong
which the material is to be divided SL and the

| ongi tudi nal axis indicates the irradi ation energy.
The beam spot of the present invention is part of an
irradiated portion which is irradiated with a |aser

m@gg@ g‘r@) "r%h% A’ &Qﬁgﬁt dfj!ﬁ efé.?x%ro‘ié b@% sﬁbpér'&bx‘&ﬂlé {33he bior art

I'StriD rra
(uppes parth and she imadindon pneray dissibyim ofthe jabove gescnbed beam spot
(10{;,@@5@@; erized by having two peak portl ons at a
di st from each ot her_over Ww th |ine
al on R TR BPY L0 1 eHiBtig fmmee&teéﬁhaqusbﬁeadmmn

ofé:mtsﬁl‘:ean:and an irradiation energy between the two
k ] f 0 4
b -t RESa Bl oo Eafined Bprtonsl phssud ko LoR Pt KRR guch o
manngeh thitetheclonpianiy efchdaod spmdL$01es eatedi algna fiparaddngswhich the
matta‘?algg %O‘Q'EQHJ.VIICILM%L ' gﬁl (ﬂﬁgfa&zonreﬁﬁx% dﬁ&?ﬂ 191? of beam s otJJSO is
Stri hove b

irradiation energ ution o descr i
aeeeméee?b@enhaymeew ). In the beam spot LS, one

beams Eé%m 'sﬁthSG R bKGWn fn0F1§‘ 16! Qﬂ%'ngl ok s Etﬁﬁﬁﬁessxon stress 150
) cte s am i ed in such a
is bre {eﬁs 'i’@e’ﬁi“ ﬁ%af%ewﬁwgo%mﬁ@nﬁ Ia,fas bg ddiged SL, and
thexafolotih mdxﬁﬁﬁltdfo drédte addtedight\Rbstital backmalodgilile dlong @hich the
maq?eﬁﬁliﬂo 1%3 %g}lﬁ Irradiated portions R are a pair

I'rra tions in such a formthat one
[004p] F}gsfiasloﬂfwmmbeﬂm spvs Lnghee itwoibsam| spnty ihietliptichbfegm projected

th%ﬂ%& ﬂ-r&cﬂgtn;@&fei h@er 15%11{ QreQEa%a%cpﬁ&tlghs R fot%e\él' &meéither side of

non-1rradi at g IOﬂ |nterven|ng|n

hnﬁé’@%@é‘@“"ﬁé&ﬁ“ﬁtﬁlﬁﬂdﬁ i R has a long side
por t Taa ﬁra@aﬁbmhmahmbuuw of ftl&H Beah spat L&D Q.Mws feaussmn

ext en aral | el l.i ne. al on icht nat e
cuie gacypbagnmesk B, In e Srstle’ hecmprs heneahg AYppEHs PLis
settth de hipd samhepds the widthd of nvn-tkesdisted ploptden Mmf beare spbtdil).

whi cj, tﬂlpgas h%rtﬁgllnjaﬁmge%f 5’:1%9153’ Rg ggerﬁl&, ?LQ %%éla%a p%%on R2

portions non’
whererthe drrediatedportians\vedap mémdcbdorfam aléng ehigh per matenis] is to

beg{wdeqrg;_,& de portion fin the direction away fromline

al on? which the material is to be divided SL and | o gla
si delpbrApotpot Ay imhers) gadiptedngontion R iy Sormed, dhe dwradiation

enetr@y liiﬁawﬁbﬁnhﬁﬂ@ theaddtRdtiliR dirié; GlodCthe A AIhgsizéd peakelP D iYformed
slofg ik alogE S i gl i B fef 85 e Al ong wni ch
t he ﬁmoedmellv, iis bennbespit vI.ARd th , atwmel desmgbéd dntesnal field of
corg%t%. & ﬁllg@% fﬁl‘tg&h&%c&%’%gngatﬁqge%&{gmﬁgh b lﬁmhgffs to be
divided SL, an 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 L2 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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irradiated portions R, the maximum size in the
direction along line along which the mterial is to
be divided SL is greater than the maxi numsize in the
direction perpendicular to line along which the
material is to be divided SL. [00421 Irradiated
portions R are irradiated with a | aser beam havi ng an
irradi ation energy di stribution which is Gaussian

i strjbution, e |rrad|a n energy distribution
ang??\]%erf’ Bé’ﬁﬁté" “\‘i\fﬁH‘é‘fPeﬁ? %tr%l‘ﬁ ‘?‘B’T’%t ance from each

ot heHow¢esr, theViwdigeald PR thel i dédtivnendfigyCdisthidatioe of Byam spot

LSQ are %oca%atd qglaglvglgggl‘stwa e@r{)ﬁlgpngeea%l On%h% tﬁg Ha@teenaqa Leorli)eaéivided
Sl-palec’f theadfbre, ftas diffimltsiodrdntaVenbilasinens wlmlalaleﬁ’ts@dre;fmthb oreation

T
of MER][?EE%%\‘@%?{ ﬁh%cblﬁl?}pgﬁjger AR 1thtﬂe %;gté’ﬁﬁrﬂs EJ\% divided SL at
theimeof copligs. nderordinglyi lmsehfﬁgultttp 6TPaks  deqps srpighb pertical crack

beth@'e?\ﬂfes 'E‘Q)Q. %ﬁu&sth@%ﬁ%hﬁﬁg t@@?&ﬁldeﬁmti. f?r m of Eeam

Spo presen nventi o at |.S11 es e .
foll Wﬂ@tlew @h %vot?%z fiecmsed f ecsting Bupt byalgelagive to
begAispotOL.S’] 1’ @dbBiccghip @rdertieid chicklvi i degiréd) @erith®nd flRkéfore, it is
dxﬁhulgpq acineve creasesly[g:eﬁpﬁ%tfgtjsc¥ at?alan equal di stance

is to be divided
locar] Aézksc'liﬁz;dl a:hoadl iat ed oy et I stheairmdiationnenesit eupplied in the

poﬁrr%gedrl% lﬁnevm&q@g}éﬁg IQQIE gl E&gsﬂtl@ 243§$%n3@h @E&aﬂ@e q%p{ % low, in
corgparisen iR gravprtinnial beap spds LSAGndilad. pdeaordingly, g deep, straight,

verteQl &x@bk ti@Be kRS BirdetB bdRAEh BhélAloR WHiON the riaferialie to be
di tfy Wof non-irradiated portion Mis set on the

‘of the thickness T and the properties of the
bri t Fhethemh@e] dh .beht [56&44.}3 FihgSdibtante bhetwern & peaks in the

1@%@&?}1 &ni%y Eiﬂ?mﬁt&gom %tn)b% s%? g{%{% %Ecn}a&%{’g \aith Ee%vgxn(ieonal beam

1on en
qu;. 132 abd theyeford, it fagpoatible do desate gisatbr hemle spress wtticb\m pffective

forﬁ!ﬁé Ex)ean&:d & a5ve§H rael &n PRATLARP b ﬁéch%:{k v@*ﬂch Bhd %Qlenal is to be

orm ect ed ouhlrralalon aser eam
d“’i“i‘*ﬂzﬂr%& 8 thgesr ¢ |°B‘ﬂ§13( hat ched portions) of beam spot
LSO atqrdiqElgRdstrdight) GbrtRal dmlmh bl lRAdatddErdcOR Bedoaits 1ia along

b spot . O i Ioc t al i.ne .al on | ch the "
whiig e B erial 140 B8 GTGrel I SUAOH, SPerara R ghe BpREA g seribing
cardbesdchidyed. on of bean1spot LSO is Gaussian
ﬁxﬂﬁfﬁﬁbQHﬁﬁgpﬂhaV|ng a peak PO. In beam spot LSO as

internal field of conpression stress
150 An experlment for comparing the quality on the divided surface between beam

spot LS’ of the present invention shown in Fig 4 and conventional beam spot LS0 shown
in Fig 5 is described in the following.

The “quality on the divided surface” in this invention is evaluated by observing
“splintering” on the respective divided surfaces gained by dividing a substrate along line
along which the material is to be divided SL by applying external, mechanical force
after 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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Is created directly beneath |ine along which the
material is to be divided SL, and therefore, it is
difficult to create a straight, vertical crack al ong
line along which the material is to be divided SL.
[0045] Fig 6 shows a beam spot LS1 where two beam
spots in elliptical formprojected through
irradi ation of a |l aser beamare irradi ated portions R
d. on e er si.de of line.along whigh th .
as Ty Chocti e AT Bipeaisoctintal PRI B kbiF o Ajgjdine the

sultktsdte.l bution of the beam spot LSl has two Gaussian

e R
chips or hpeotyhgions W@bsmmtlpmalmt;@@ ml%‘hsﬂw@f getieeshby dividing

su&@&%'&@me\mu&tgas case, the two |rrad| at ed portl ons R
and irradiated portion R2

[0q5Pf dhe aéOéeltm? oo ke swhstrate whicl d jthey °Bl°6‘h @f Prasessing Apd the
coﬁﬁi’lﬂi&{k o ribeigefol Q}alth%ﬂgo‘splhﬂeﬂ%’l d_i‘@d?s‘éhbec(lj fh bﬁ&'ﬁﬂcﬁﬂﬁg
. wWhere irradiated portion is formed, the
[C?”ﬁfté‘m@?’i %‘H’S{réﬁejrgy di stribution has the dotted |line
cur vmnghrpiamhéscslyrgﬂdmﬁamd thiekkesP3f 2.8 mimr ned al ong

[ h the material is to be divided SL.
[C(L gcg:kgorg ][‘@:n\m# beam spot LS1, the above_ descri bed

i nt efaset Olftpe# a5Q W (sgmefordesimomotL¥@ad LSO i s f or med

di r eglde) ob&%%dq 1ké ﬂ&m@écqmnm %baﬂa fgsotrm ghd ko) s to
be Lvided SL, and therefor cones di’iﬁf)' cult to

f or nidth (W ip gef-irradipted @alrtmerl‘gc% 2 fhpan 3098 L3P ong
Whi CHetd) Bedi@ lapsti I id projefted asigliz\cpeiexd sﬂtem[mmg 2Fig 7

t he. f f b ‘
lodB3P{fs seriie ehevlindor ot RuEREting e s dn ape Py N Firpme et
colsmahin dherhgureindibetes thesampe numlti at ed porti ons R do
”Ot AQYseJl s tront'P gd‘%é dbePRAP ‘gl bering® Wik si?n%cﬁﬁﬂ?fbw for beam

as the irradiation energ stributl
qutrlusadna@mws@n@rl@wbmmtE«Sth on of beam spot LS2 has

[Of;tg,gp[gﬁagﬁﬁlbgm] di stributions, each having a peak Pl. In
an intern fleld of .C ress,l on ess

bea
0 HBE Rhantsas BnsBaon 4 b Aren Of “SHOLTSRE i bt phgiosraphs
betheBr dbdm |shocL.SlodtlE preselp mdmtlﬂnhbcrw:ain Fig 4 andbensemighatibeam
and th [ ef crack deepens

spo%lLs{) siiﬁw%vn 4 Wrg ﬁ? d%scribeatn‘he ettloﬁ Wi ngks Pl in the
irr aHiem toncomdiiogy fofi the silttate nnd)thelmamt@p@for scgping age using

bed R Qﬁ&tqldS Btechl@ﬁal‘ééghé’ig tgﬁ?z\ﬁ ct)ﬁ%Johﬂeoeﬁln%gt E@d) 91% t‘hg Same as

terial and t herefore,
m@?‘lfeff’r”&‘mttl to create tensile stress which is effect | ve

[0060Y Figh@0 G& @aiHdbdgrag sRowiktd ﬂﬁhdeﬂréiﬁihcé bf tahgubétrateNhftyr being
di [{dllne %Lgpgl%v\hlchthe ma\ter*‘l LS to bing|ded SL
iviged eained thirush Foribing FAE CAEBHARH GRS V- oi 111 cul ¢
t o cheRigelOatldedypth K2, awdivh, ruue fioincidle sarfackof 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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between |ine along which the material is to be divided
SL. In addition, in beamspot LS2, the speed of
scribing nmust be slowrelative to beamspot LS, in
order to gain a vertical crack of a desired depth, and
therefore, it is difficult to achieve increase in the
speed of scribing. [0047] As described above, in beam
spot LS, the irradiation energy supplied in the

OB 5 8 L o e
phatograght dvenal“sjiiedeni sy’ (hbsedj:B(’ﬁha‘fmhdlpSﬂnt ARdadhel livifed sueface of the
subtbale ﬁL{ gélﬁg (%1Y11d¥c? Mng th?({ %& B‘{ﬁﬁbfmﬁ:% @@rfv@ tional beam spot

I'rec ong erral 1s
LSpe d|V|ded SL. FurthernDre I n beam spot LS, the

di st pReswhEd WRGE 1§ H@s}%@mﬂ bind fem rebnad %inoe mehgy in the
distrjbution can be set short in co arj so

phetggrpaht hesruse “Briuyiering of Pl@santeéhanqaﬁle her @P%pmpf én the divided

sufffs SF tHeSubstr e &fte £ baih g diveded! ganifed| tﬁrcﬁigh%&&bm@ luﬁﬂﬁg b&am spot LS’
oftgl]fé)ectwe for the creation of a vertical crack in the

FEEPY o874 e al ong which the material is to be
[o0ablFigeld(Slis atphblographnehewingael dndgf adcther dividgdysurface gained by

dw%&urlgltlaaﬂ Llrovg %reu[rﬁ)%h st V\%g(tﬁ %nalg?%gﬁg ﬁtjg ‘iin %* ?6%‘& 10 shows the

subtapda BRI 0B by tha dBicknes s FhrooaeD Bprinastiedad gtined through
scritifig @dlﬂﬂmn‘}@ﬂhaﬁl B&dHh SR AS0] Qﬂ‘lﬁ% 126 B OV Yrapgh oﬁfh enlarged

experjent .for conparing the quality on the divid
p°’§{9Ff°5Lg’§%)ween beam spot LS of the present
i nv eEigl 13a) 3619 Yphotograph @héwiag @ne ond efdriotliud|diki@aind ot gained by

vk Y '%ﬁ Prtfie aohSpE 0! UR5F iph B R i e gk e the
substrake)50 od whychothe ethmkmgas i8 skp:lwrme'ﬂ aftgr lmmﬁ digided gamed through
scrf &ﬁﬁ% \é@ag# E&td[%i of’H{e géae%t e ﬁgn br%dch'i 1@(1)5‘?5 @photograph of

str ong t’he materi a
anselaesedmé*amet 3Bhl yi ng external mechani cal force

af t erp plrgqatul) Nde atep‘tﬁg‘i'tl?eas‘erﬁéa@@i‘afﬁ ngHle ltlu%ﬁ mb&mngﬂﬁulﬁabeam
rn,a | S (0) |V
spct 1S0TR 4he Alpesied oF T Fhifknegs kP Ihot the CFREKL{A ShpwhiAs 2, gad the

lendth/ofdaﬂm‘ﬂ-mswstshown asfdcti ve beam spot LS and LSO

[0o &%%An ﬂ!‘seeg%m' o 20 %ha &'%ﬁegt gﬁ%&%@%‘%ﬁ E[ESEI ﬁ@&'was used,
evaluatin S ar e escr
a cﬁcg whighgis aum:(bssa dgonal daectding thatns tolvami m“gphntsu’b*sas areated in

theﬁﬁwﬁ@d’ b} cd cié&'t&i&%egiétss-gubs"&at@%ro\éhl%“@ﬂ n‘er:Lﬁ@n o He@ﬁat épGE‘LSO
al on a cross sectional surface § alne divid
t he grkhile, it can be seen from Fig 13(b) that in when beam spot ' of the

present invention was used, 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 LSO.

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 L.S’, 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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As for the "splintering," as shown in Fig 8, K1, which
is the maxi mum | ength of chips or protrusions in
cross sectional surface E of the substrate gai ned by
di viding substrate 50, is evaluated. [0050] The
conditions for the substrate which is the object of
processing and the conditions for scribing for

eval uating "splintering” are described in the

fol.l ow ng. Condi tions  f | e
to DRG0 TG TR LSO DB TR B it YRERLE, Bpera
is tobe dbiidwgl] Kasedingly! ib ik posdible tV\b(mm-mghb earticsperack, Snd what

can 99 Jﬂ%%ierg‘cp gﬁ qagglleﬁg d Cﬁ% ur}a%g OW sithEt Q&%ﬁgx IfJeo ?axﬁ@é‘ Through

|n RONZiTradr at tion
dlvmlorg 2 mm (beam spot LS ) Here, beam spot LS 'S

[00BEPIESELSdeMsdIng opti cal system4 of Fi g 2 [0051] The
results of _evaluation of "splinterin

Fi g 90 expgriment,wap sonducted iaqprdam iq b b Frig e botween the
widtA0W 6Rh@Birkdiated PRtRn M iR Béam AsotiLS’ 6f tha bréséﬂm%@(?, shown in
5 I Nt ey in | W TOI ..
e L
porftid@M]in [bExmespmieﬁt of2he Pinesent suvebdoro ﬁhmnpaFlgs‘b andfthe ppeed of

scrgﬁ ee of "splintering" using photographs betvveen
spot LS of the present invention shown in

and Eignldeista omaah wheastheslosaral sos §h'zwmtherfwﬁiﬂg‘7%°%?@ irradiated

pordRAM, HBf bk 1%&&&&%&1%@&;0##%@1@%&%@ oPtiplihR$ andlthe other
t he substrate and the co ’gl‘}énﬁgns for scribing are

1°“§1§P1]1‘§‘a Hes APt el_sBeedocffs? esent invention and
convanFigoriathd@iinling @hd kb wlken lihe sWﬁlaaﬂlatiomshlp between the

w0 T h ek f o sbERe I BAHRRT B oo
widphiW efinérhircadjkted poitipmrly in beany spasdBeefithe naﬁsebielamlstp?@ts]lown in
Flé@%%t% gkf: L SU,B&QE HERAvelt2,  Which runs fromthe

te 50 to the, "end point A of the
cr acHers, the w@dﬁwg forghe ppstyate, whichpp ghelq_b]?cg ofevaluation and the
coﬂ%?t?&ﬂ%ﬁd%ﬁbﬁﬁgﬂmgmgm@ht\@ Wee thelbdne e B E}%:eﬂmt 1At B addition,
after in i vi ded gai ne i bi ng using
begyn 5?&‘?@%2?”3138’03%’}?9%‘?%“%?%%#%3’8? gﬁ?‘?‘&fg In Fig 11, the
[oodeit ks c'lé’dﬂ‘ &ommg:m than shef width Whef reurifradiatef patioubb thelength of
end " ept h of
Spl%’%ers(k e “’ﬁesPee ‘I‘h’gﬁ St Pﬁi ﬁh&\% Riraa Ese‘i"ﬁ e depth
of allVBielepgth of snlm@ersdit b@omea shortegras dhe widib W n W@s@mted

pofontMiEnctRes.rate which is created by scribing the

substrate along |Iine al ong
2) The speed of scribing S increases as the width W in non-irradiated portion M

decreases.

[0060] When the width of the non-irradiated portion is W and the thickness of the
brittle material is T, it is preferable for the width W in the non-irradiated portion to be
within a range from T/30 to 2T. In the case where the width W in the non-irradiated
portion is no greater than T/30, it is difficult to maintain precision in the optical system,
while in the case where the width is no less than 2T, the speed of scribing S is no higher
than the limit for practical use. Here, those skilled 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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which the material is to be divided SL. 17 [0054] As
shown in Fig 10, there is a shadow in band formin the
|ateral direction in the photograph, due to
"splintering” beneath the "end point A"" in the

di vided surface of the substrate after being divided
gai ned t hrough scribing using conventional beam spot
LSO. I\/Ean\/\/ni le, there is no shadow in band form

res uk‘t I P n,%lomg’ Qéhle? te:?s{nh nlgs ofl tlill c%ne%lﬁgk?t O&{bﬁgﬁ sgoia% projected

becau§e
in petordange wuth thwesmbmgjmdthodmdad@ siibigeannabatug geeording to the

pre%@ﬁt‘%hvé]ﬁioﬁg di vi ded gai ned through scribing using beam
of the ﬁgesent i nvention. [0055] FI(E 12(a)
i

[oqu] ’Jéhqolrﬁﬁ%@oaﬁho \ei2rig 2 AEATERIE YdrRTeStiFadiade qatéelns are right
tnﬂ%ésace gained by dividing the above descri bed
su

he  ThG bER P SO B Thach PTRmRIA e B pEsaintgt fosons ex

isoa'c)eleaftﬁenglaei ng di vi ded gal ned through scribing usi ng

o S S pERAR 0, SR e s oo o

rectf_&(s@s i s a photograph shovm ng one end of anot her
di Vi gdneih & %4%@1?1&3215 #%n e%x\ﬁbﬂ! d7Q et pBOW Rere corner portions

descrl bed su trate along Iine B-BinFig1ll, Fig
n haye g liggand néunsqumgaen figielch the thickness is

sh OV\%Ieﬁi» tHe) d:?éch@ﬁ 1ﬂ3ﬁhﬁﬁtb@hmls§@l¥h I%ﬁidl Kodnd slibb?ﬁ@ﬁrogress along line
scr i bi usi.n 0 0 e sen Vv
alog o iy Soas RS B0 b s S e Sele e o6 P P4, i Afpections
upwﬁrd&rgioﬁ&@m}dmmelﬁggrdZ( b), the depth of the vertical

[oo%a]aﬁgr s&té g@gg é$ Acﬂ%awg @foﬁsa@g némmas? 'dQscnbed

|rec Ion ness (dept e crack
abaylgown as K2, and the Iength of "splinters" is shovvn

as Kd) THeGR&n Aptot CPfdrABd SL8 Daly m&&té@ﬁ&%mhh ahvﬂng the same

when conventi onal beam spot LSO%IYZ@ used L j{ b th
for g ey %recfalfnefé*dsmfnstrw% 8har cantletrtapse, Fpmaine Sqigohich the
ma$@¥al ieto WeplivilédBL. was created in the divided surface

trate 50 th t
bean 2 186 raARRLEAN 8% ¢ ook RoPlul BRI el o tin
alotg (hjcht tha tmaterisiie to bredimds@SL. LS of the pr esent
' nv e{?? MARBSin4HE gzre 1091%%5;:&#%‘&511‘ th 1&1@%1&6%1’ Hll&?f is shorter than

direction was create ere was no I nteri ng"
length 4 pidopg gidgeertivnrdf ace created in gl ass substrate 50

thr oug g‘he 'w'idt%CW%T howirpidiRRa @bﬁﬂﬁ{] MLiSset oﬁlgﬁé Bhsié 6f thB€hickness
3 AL R T

25,stwhizhgdultisfyv elid abade d¢satikedvaenditiense mhad hbv® rnbiradjation energy

ed b |nteﬁn field of conpression stress 150

d1s\?\xj;]bu% on as showx & (fa:ich rectly beneat h
[0064] That 18 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
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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gl ass substrate 50, which was irradiated with beam
spot LSO 1In contrast, as shown in Fig 19, when beam
spot LS of the present invention was used, the
portion along |ine along which the material is to be
di vided SL was not irradiated with beam spot LS, and
internal field of conpression stress 150 was created
beneath portions in the vicinity of and on both sides
. li c
clofont. 16 & PROU £ALFIUL Ur ol Skl i hF efllkh 2 a0 o
galypheminrerea polyeen miirrox or & res¢nang plﬁm%d Accor di ngly, | t

Indxétz@él%ﬁbaquﬁ@ create a straight, vertical crack, and
an be Consjdered an excel | ent djvided surface

[Ooéﬁla«écchfbgg tapecubitegeetied fs brittugatergl opd pgifribngoapppratus
usintRie méthod oﬁﬂhe/iﬁe@w SveiB6M, iNVRSpoSSAPRUGE £ GledtitaDErdel td deepen

find. t I i p,bet th wi,dth Wo
sty iy, Pt g e B G artsphye @ b diridad surtace of a
suh@tmehawnglhfghttht)sdmmlgh stredgth cdn beigainbk | engt h of
"spl hgtfglr %h Ieagi?ﬂm%tex"ilgl %Ie ni;htehs% g%n t% }.@Fogf ?]nd the scribing

non-i1rradia por eam Sp
apparetienef theemedns rinvension dam iﬂf graliedn &rltﬂe mgiedalsgfuch as glass,

cerﬁﬁﬁd RéHich isth Ginkéreli Smatepib P Q'ihéli@ Sfystal RAichALl &E:Bhué‘xée'inconductor
ows .the width Wof non-irradi ated portion

f

Waf% apd f§TaTEe; SHSF“%’)?%S“‘% Hgwgitedn e Thess Jumtiy mbienwis incfude single
plafé‘s{ﬂﬂdl’ﬂa?feﬂ substeates) gnﬂtsthratbﬂtgw&iﬁH Iartailiculgple&eﬁiﬂ Q\i%etili'fﬁmh for

spee scribing. I n_Fi 4. the soli ine and the
tor g o Pl AR B BrdPaEt p between tho. widt h W

and Ae® nencretadpahtﬁa(ﬂiom)of hrittlevhaterialstte whichgthle sofibing method and

Lo

the s%ﬁlbin:g g?lé&tg%dptgg ?f‘%ﬁﬁ%ﬁ%ﬁ%&é}rﬁe ngﬁebi[éép&}]gplaﬁ ganels, such as
ligwdexestel nanglonplasmaslisnipy paneleang organig Blndisglag egnelp, as well as
cerfifnlid donBéhsefLRIORHiMAHNetor ifs canhR cite@di tions for the

substrate which is the object of evaluation and t he

conditions for scribing in Experinment 3 were the sane

as in Experinent 1. In addition, beamspot LS was

projected using optical system4 of Fig 2. [0059] It

is dear fromFig 14 that the wdth Wof non-irradiated

portion M the length of splinters KI and the speed

of scribing S have the following relationship. 1) The

l ength of splinters Ki becones shorter as the width

Wn non-irradiated portion Mincreases. 2) The speed

of scribing S increases as the wwdth Win

non-irradi ated portion M decreases. [0060] When the

wi dth of the non-irradiated portion is Wand the

t hi ckness of the
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brittle material is T, it is preferable for the width
Win the non-irradiated portion to be wthin a range
fromT/30 to 2T. In the case where the width Win the
non-irradi ated portion is no greater than T/30, it is
difficult to maintain precision in the optical system
while in the case where the@lamhglth is no | ess than 2T,
the speed of scribing Sis no higher than the limt

[1] Af erribgahdthed fause. biilelee matdi@d e asdordihg dkoi whichea airittlai hhterial is
easily understand that the width Win non-irradi ated

irradjaoed with aNhiss beehadlexk Alihe dRdwn b sdilandtbiiakdlesg whichtdafl material
brittle material, but also to the properties of the

is to bullstided, @p thhakail Sniteriahis héah&l t anpmpbiatare, thabdés lower than the
surface process and the |like. [0061] [CQ her Exanples

softerihg paint, ivthileathé bizbr BAnFhRb sald niaderzdl a3é lovel Feddtivertaetlesther, and
of the configuration of beam spots projected in

then, ah€ aracaing @ stolel, Atbthue) 4 BérbigalrRddkaibepéith dnldeprogriebdes Ang the line
apparatus according to the present invention. [0062]

alongThkicheail mpedrisdis @ bEidivided, i starbitg AN RINCIiNILr @adlhformed on said
irradi ated portions are right triangles. The beam

matedglothractefizddiig tBa i S an exanpl e where the irradi at ed
portions are isosceles triangles. The beam spot 63 of
FiigradidtddSpatioex il Rradligted viitle ailided beamathdpd hbn-radiated portion
rectangl es. The beam spot 64 of Fig 25 is an exanple

not tedfe igradéded eithta ke beamaire prepaedd drpdither Bideay chedlind d16ng which the
and a curve (see portion nin the figure). Here, the

matedalr @ctol o diviidedhawh alegnohs dire Glbngrchiticahe spdéridldis to be divided,
progress along line along which the naterial is to be

respectivelyledd Sieng the etiow hlvag ek Kfe slsng ehivh the hiddérial is to be divided is
direction; upward or dowward in the figure. [00631

locallf brwldileam spots of Figs 22 to 25 each have the
foll owi ng conditions, as described above. (1) The
bedrrdpshe irsadiatedgadriddnscarpdiradipied withdi pdie df pedrh ispots formed on
having the same form which are formed symmetrically

both fidesawitk ghalinelalbhambichf thematerial altobg dididehatt the center, and each of
material is to be divided SL. (2) The irradi ated

said ipadiateh pott@ue has ladogg sidd@opitor agprofimaltelg hin ithe farinbd £line which
to line along which the material is to be divided SL.

extendSparwlleltth thlinenalbinewhichahé imaweripd ipwiidi diviled at ©smald distance from
side portion f is shorter than Iength a of I|ong side

the ligoalongwhich the material is to be divided.

[2] A scribing method for a brittle material, according to which a brittle material is
irradiated with a laser beam along a line drawn on said material along which said material
is to be divided, so that said material is heated to a temperature that is lower than the
softening point, while the laser beam and said material are moved relative to each other, and
then, the material is cooled, and thus, a vertical crack deepens and progresses along the line
along which said material is to be divided, starting from an initial cr;'slck formed on said
material, characterized in that

irradiated portions to be irradiated with a 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
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(4) The wdth Wof non-irradiated portion Mis set on
the basis of the thickness T and the properties of
the brittle material. Accordingly, the beam spots of
Figs 22 to 25, which satisfy the above descri bed
condi ti ons, each have an irradiation energy

materdilSikrtobhtt HitdedSawshalvgithe Airg 2bdng [WHIGH khel hiiteriad #oto be divided,
say, the beam spots of Figs 22 to 25 each are

respecthelyaahdthengthel portibalohf €he litie sldh@ivhithphe hiadasaliavebadivided is
irradiation energy distribution which is Gaussian

locallgleddlads but i on, the above described irradi ati on energy
di stribution has two peak portions which are at a
diwdiepdin ¢hd [roadigRd bootidtarare\inmdmted aith a/\vaw o béamapots formed on
along which the material is to be divided SL at the

both giduatweith tlenling Aleng whadh el roate SAERGY bb dividehat fhe cbiter, and each of
peak portions is zero. Here, the above described "peak

said ip@diste@hportions husla 16a¢ eide \Pactich Afarokiniately G She fafreof a line which
formed of a flat and relatively long region, in

extendgtirhllélno tite lnpedkn®@hiththe imateidl id v divid@D&5] sihnall Histdnce from
t he above descri bed beam spots can be forned using a

the lifd al&k which ¢hé maBiad isctorbaidividedsh as a DOE or a
diffraction mrror, or a scanning optical elenent,
Subbreds the goadised portions ara peddigred withr arlaeér deam having an
resonant element. Industrial Applicability [0066]

irradiddao exkirgy distributier whichgis rGatvasidn fdidtribution ahd aaldodreidistion energy
and a scribing apparatus wusing this nethod of the

distrilpitiadids two\peak ipoftionstwhich passt HHRtdnee ffomy edchi thér aefalwidth W
to deepen directly in the direction of the thickness

with sodentersntbssdtithé eentamnehén the\indadorgpuvhidk cheohateriabisiis be diveded is the
havi ng high quality and high strength can be gai ned.

center’sxid mid thedriadiatioh enemgy deivalentthe o pdakigoeticreris bérng
net hod and the scribing apparatus of the present
i nvention can be applied, brittle materials such as
glass, ceramc, which is a sintered material, single

[3] Acteyibingl nethodcton, a Sajiflhi metermd nh@orking tto rwhivkafse bsitte dnaterial is
ceram c substrates can be cited. These brittle

irradinted evitlnh 3aden bbar @almmigragliee diawat @ssad thapersdledong which said material
substrates, and substrates on which a circuit pattern,

is to be divideld, &0 kimatfaaid niaverialng lehedt toosleamperdtare rthat in Jowlemthan the
are attached. As concrete applications of brittle

softenirgf pintaivhile chelasatbebhmenrgicaidimatprind ateotioeddrelative to each other, and
scri bing apparatus of the present invention are

then, thpphatedial fslcatledlisydl thys, paveetical ceaskleagensland prakressys dlahg the line
panel s, plasma di splay panels and organi c EL displ ay

along parid! saidasatseb] isa® be dividade stotide fses andnitial crack formed on said
sem conductor chips can be cited. 21 Cains

material, charaecterized in that

i;*radiated portions to be irradiated with a 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 along the line along which the material is to be divided is
locally cooled;

wherein 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
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[1] A scribing nmethod for a brittle material,
according to which a brittle material is irradiated
with a |laser beamalong a |ine drawn on said nateri al
along which said material is to be divided, so that
said material is heated to a tenperature that is | ower

said irtadimtéd port®ob henianigng eidatportid hpprokiendtelgan thedenmanfia line which
said material are noved relative to each other, and

extenddparallelHe thaliee alahg whichabé eciterdalds tdhesdivided et £ small distance from
crack deepens and progresses along the line along

the linvhalohg whict thatmatdrad] id ® Healivideddi vi ded, starting from an
initial crack formed on said material, characterized.
i whisheits the iraaliiated poptiort isdbmmddoofeling padicatvedwhich lextends from an
| aser beam and a non-irradi ated portion not to be

end porticdivat dong\sidh mriias ewapdeom ahe lipe epargeethich thetrhaterial is to be
side of the line along which the naterial is to be

dividedi aniddaill langlsidk pogionhe | i ne al ong which the material is
to be divided, respectively, and then, the portion
along the line along which the material is to be
divided is locally cool ed; wherein the irradi ated

[4] Aperibirgnsmetlicd forr adirittle dmaterial,aa@atding fto belich spdiristle material is
formed on both sides with the |ine along which the

irradinetiovitlah laser bearhalaig\d Heddswit hresaié misderialoaichgewbich hid material
said irradiated portions has a | ong side portion

is to bpdividediat ahat said tnedefigl in lofatal td adempémaburecht ixdbwer than the
parallel to the line along which the material is to be

softeniing/paet] waile ahslhwaér bedimsdrahnedd fuatarial bhembieticretdtive go ednhadther, and
the material is to be divided. [2] A scribing nethod

then, fler matelpial {stdoeledrpdr@rthab, a egticsldiravly deepexisiand paogresses hlong the line
material is irradiated wwth a | aser beamalong a |line

along dvkeivin said waiedialgg &r baldivaden gtasting Hrewiag imitisdraradk formed on said
to be divided, so that said material is heated to a

materisdngharattenizedtinghati s | ower than the softening point,
while the | aser beam and said nmaterial are noved
r eiradinied posti@scte let inexdjiated ovitlt & damer bbsem mader nan-inradiated portion
cool ed, and thus, a vertical crack deepens and

not tohedypadadebwih arlgser reathiane prephodgpnvitheh sisaiofithedireraleng which the
Is to be divided, starting froman initial crack

materialrisgd kendivided anatlong dhe loleaslang evhicte thd matéyagl is to be divided,
irradi ated portions to be irradiated with a | aser beam

respeciivdlyaambtheny thedicatimtlalong theoline along whichahe magelialtie th be divided is
with a |l aser beam are prepared on either side of the

locally ¢ookedal ong which the 22 material is to be divided and
along the line along which the material is to be
divhierkénl the remdietet ipeetions sradrratiieted with aopair iob heaxh epets formed on
the line along which the material is to be divided is

both didesaritly throldhecalongvbicbi the trhegerial iado be divigesh ati the sentes and each of
irradiated with a pair of beam spots forned on both

said iyadiatedpartionsbas ardengmbide govtiincprrbemabele in dhe famt of Hline which
divided at the center, and each of said irradiated

extendgrparaldelso beesline 4lowgywhicl shpoatdrinl isfohechivided & 3/siall diséance from
formof a |ine which

the line along which the material is to be divided;

wherein the irradiated portion is formed so as to have a length in the direction along
the line along which the material is to be divided and a width in the direction perpendicular
2:0 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.
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extends parallel to the line along which the materi al
is to be divided at a small distance from the line
al ong which the nmaterial is to be divided; wherein the
irradiated portions are irradiated with a | aser beam
having an irradiation energy distribution which is
Gaussi an distribution and said irradiation energy
di stribution has two peak portions which are at a

[5] Adsicsibanec methamimferag Hhrittleematerial, accardibg tvVwhich ha dritBetmaterial is
axis at the center when the Iine along which the

irradintetioritlah laser beatalatigya Hed diasvit bresaid ewdterialoalong whih tshid material
irradi ati on energy between the two peak portions is

is to ke dividdd3 to Ahstcedid inngerial tsokkatal tcaa Hempetaturedthet isalower than the
according to which a brittle material is irradiated

softenimg poiat, While thdnaen daongndosdid natehizd\wee ooveashiethtivatte padch other, and
al ong which said material 1is to be divided, so that

then, ke iateaiabis cabled sardothuech vertiealtcesnkateapansanttpabgresses eloeg the line
than the softening point, while the | aser beam and

along gehich saitema@iriad i torby dividel, atarviag tfeone anhinitidl erackafodmed on said
then, the material is cooled, and thus, a vertical

materialacharaitepeedsn 8t pr ogresses along the line along
which said material is to be divided, starting from an
i mirédiatedqroaéns ©recotiragkiatediivdth adiser bedm anidoa ach-aradie@d portion
in that irradiated portions to be irradiated with a

not to|bgseadiatahwithe lasenbaamrare diepheml qguogithieonide pdthet linelrdong which the
irradiated with a | aser beam are prepared on either

matersldie tofbet firidednendahlong thhilole tloeg wiktle themsiteridlaisiie be divided,
di vided and along the line along which the material is

respedtivelycaut] thedethe pordepalong vied kme &lnglg whizh, the hmtealtié onbe divided is
along the line along which the material is to be

locallyd¢opleded is |ocally cool ed; wherein the irradiated
portions are irradiated with a pair of beam spots
f orheesdn Ole irbatifted ipoetdonsi 4 itradiaktednwith| 2opajr whbedm shets formed on
material is to be divided at the center, and each of

both si@sgrithl ther kralalang svhidr thie omatetiakisdo be diyidddiet thercenten and each of
approximately in the formof a Iine which extends

said ipradiaktddeportions hes hilmeg side mgriin approxisately dm ithé farm ¢ofoa hee which
divided at a small distance from the |ine along which

extenddparadeldoe thd linesalomg whiclithé datkriallietodierdiviled atr & endald tiisthnce from
portion is fornmed of a line or a curve which extends

the lirfferalengawhick bl meteriadie tobeditidedy si de portion away from
the line along which the material is to be divided
aplthracterizddoingthat dee pon-iriradiatefl pbrifors bas hisparenasrdre dvificy said long
a brittle material, according to which a brittle

side ppptions ifade each ofher asln atidth Wi aid whem tle thicknessadfdhe brittlé material is
drawn on said material along which said material 1is

T, said W ipen dirgngecfom IR0t said material is heated to a
tenperature that is lower than the softening point,
whil e the | aser beam and said nmaterial are noved
rel ative to each other, and then, the material is

[6] A sovibing, mathedt fonsa haittle r mateaial, cagotdinie dp ovtsclarad brittle material is
progresses along the line

irradiated with a laser beam along a line drawn on said material along which said material

is to be divided, so that said material is heated to a temperature that is lower than the
softening point, while the laser beam and said material are moved relative to each other, and
then, the material is cooled, and thus, a vertical crack deepens and progresses along the line
along which said material is to be divided, starting from an initial crack formed on said
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al.ong which said material is to be divided, starting
froman initial crack formed on said naterial,
characterized in that irradiated portions to be
irradiated with a | aser beam and a non-irradi at ed
portion not to be irradiated with a | aser beam are
matefink phdrackefidedcintthet si de of the |ine al ong which the
material is to be divided and along the |ine al ong
whinahiattéte poatioas kt@be irsadiatedewith i lded, beamespka tioudtrgdiated portion
and then, the portion along the |ine along which the
not tobd @fddddted svithon BeertbedinO€ préparbdembitlyercitel d dhe bheslong which the
the irradiated portions are irradiated with a pair of
matefiehin &pbé difidédredd aongbtliehlitd dRagwhibh tthe thatéfabisotigbe divided,
which the material is to be divided at the center, and
respeeidadly, ahd thaéx, dhé pértidh along thelihe alhag Rdtchatheangtefikli@ to be divided is
portion approximately in the formof a |line which
locallexbddedls parallel to the line along which the materi al
iIs to be divided at a small distance from the |line
alvdingeinithe irrhdiatededotionis fofmédote pair Wf Hedh spdie e stich 1 €orm that
irradiated portion is forned so as to have a length in
one cirble catilomrtirade isodiotigd ih BacH a meardled kigatvhe ddngitudinshteisiislalong the
is to be divided and a width in the direction
line gd@igoehidhahé adatertial ik he bk idbadal @ity aboelirddistedpotidnaintérvening in
to be divided, and said length is defined by the |ong
betweende portion and said width is shorter than said
l ength. 24 [5] A scribing nethod for a brittle
material, according to which a brittle material is
irradiated with a | aser beamalong a Iine drawn on
[7] Asadribimptnesthad fad anbrittlei efatardild ac@iding b whitht © Heittle material is
di vided, so that said material is heated to a
irradinenipeithaunsertbeain dlengd oiwe didvanon bsid matbtisinglong phichtsaid material
while the | aser beam and said material are noved
i1s to belditideds sbahetedid ohdrerial #nkeatéchena telmpermmibwer ihat id ower than the
cool ed, and thus, a vertical crack deepens and
softeringpeiet sddleaho hget beank ambsaid hoerialhire mosal thlativtean ieadh other, and
is to be divided, starting froman initial crack
then, fthhe matkrind isaiolid, amt dnisad vertibarcaadkaleepan dnd frhgriesses along the line
irradiated portions to be irradiated with a | aser beam
alongawblich sapinmiatariediiate e pivided) vtamiop fron e initiddira¢tkefbrmed on said
with a | aser beam are prepared on either side of the
matetiainchaxhdmgzadhinthatt he material is to be divided and
along the line along which the material is to be
diizradiigtbd paréispett be/aradiated dvitth e rlaset beaypoadi © noadipadjated portion
the line along which the material is to be divided is
not td hedatadiatebwithdy; lavdrdmaimrart pecparedadti atled silerof tlenkneaaleng which the
irradiated with a pair of beam spots fornmed on both
matealdiestonnd divided hndelamigothg hivivi glong whichatke malterisl tsotoble: divided,
divided at the center, and each of said irradiated
respegorely, ond thems tle partign slede tholite alonaphichxheaiasbryaliis té bedivided is
formof a line which extends parallel to the |ine
locallmtawbegl; whi ch the material is to be divided at a small
di stance from
wherein the irradiated portion of a pair of beam spots in such a form that one

rectangle 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.

[8] A scribing method for a brittle material, according to which a brittle material is
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the line along which the material is to be divided;
characterized in that the non-irradi ated 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 Wis in a range from T/ 30
irradtated2#ith [adseX beami dionyga biveé Hedvid on s@idbnatetiblalnsg ehichlsaid material
according to which a brittle material is irradiated
is to bk tdivided, a8 ehabesith materigl & héated dr avwemparssatedthattieldvadr than the
along which said material is to be divided, so that
softersiag going twdtiledhe ismenkeaine dnd enid niatefidradé moeed leddtiveto leastesther, and
than the softening point, while the |aser beam and
then, 3hé chateriad is @bled) sndrihnada vertiail crsck deeparodhnrd pregresseadlong the line
then, the material is cooled, and thus, a vertical
alongcwhich sdilemetisdrisl tpbegtivdek staltmggfréthean inidal @kdafprmed on said
which said material is to be divided, starting from an
materigl, theahcterizecdkinfthiatmed on said 25 material,
characterized in that irradiated portions to be
i irradiatddegbriibhditcabd arpmliated awvitlandaser veami ardaglnah dtadiated portion
portion not to be irradiated with a | aser beam are
not tqbecipaddedwithial lnssr leanheare prdpaeed omeitleir ity ofiheclind dleng which the
material is to be divided and along the Iine al ong
matexidli Bhtot bee divededr aad alamgt the bitned klong adhich the medbtislelsyto be divided,
and then, the portion along the |line along which the
respechintedy;, bad thes, tle joetioh wlotig dhe Ene hlongmhychcthe Inederiskie tebadivided is
the irradiated portion is formed of a pair of beam
locallgpmiesi:i n such a formthat one circle or long circle
is divided in such a manner that the | ongitudinal axis
i svhekanghé¢ eadihtedepoatiamganetireiisté witht € paial of bsamapbia formed on
divided with a non-irradiated portion intervening in
both fid¢aneivh thd lide Alopg mitichnthenmatecidl fsdo ba dividéd hetheaeeteradnd each of
according to which a brittle material is irradiated
said Wvsidinted pasens haam lahg sigle polriiore appraximasely Saitte fatrepf alline which
al ong which said material is to be divided, so that
extendaparahiultte thaline slohgwhind the matérdaipeteieutieided at a small disbance from
than the softening point, while the | aser beam and
the ligmaldngrerhizhithé matariahis/@dberdividedive t o each ot her, and
then, the material is cooled, and thus, a vertical
c mehekein etbpespsedindl the dgsersisaasn ahaying téletive e thalloiitle material is
which said material is to be divided, starting from an
incredspd tin a¢contanck withrthre dmpunt by &vhidhethe width Wels aeduredy whedthe width
in that irradiated portions to be irradiated with a
of the|r@parralimten portiomis¥n- i rradi ated portion not to be
irradiated with a | aser beam are prepared on either
side of the line along which the material is to be
di vided and along the line along which the material is
[9] Atsribingdappatetis fores petttle vishieriahnebmprénng:t 4ve iprediatiog portion for
along the line along which the nmaterial is to be
irradigting dckrittle mhtecial ithca dhsed beam; a cooling portion for locally cooling said

brittle material by supplying a coolant to the brittle material; and a moving portion for
moving said irradiating portion and said cooling portion relative to each other along a line
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

27



wherein the irradiated portion of a pair of beam spots
in such a formthat one rectangle is divided in such
a manner that the longitudinal axis is along the |ine
along which the material is to be divided with a
non-irradi ated portion intervening in between. [8] A

to be Sviddd, agd tRé bating portdorblotdlly @ol¥ed phitidh ,ala@pCibe dinagalomg which the
which a brittle material is 26 irradiated with a

brittlé am@drid) eate kel dvigeds | i ne drawn on said material al ong
which said material is to be divided, so that said
nmailRféialthe Gréthated goftivna akeiipaligstod wéth pdir bfbdamngrotd draboth sides
the softening point, while the | aser beam and said

with tHtlafel AbngowhichRNeBritthd mhtevial isdtodactividéd ey theaadter,tandrgach of said
the material is cooled, and thus, a vertical crack

irraddeRineRtonylthsp 08¢ eids @srtitnCp@rididatelynin thalf@amngofdlisdwhich extends
said material is to be divided, starting from an

paralieltd ihallingladeilg WikichrEith mntesial 1 to badbided at acdsalbdistamea from the line
in that irradiated portions to be irradiated with a

alongl valsieh tihanameialisdo bodividedadi at ed portion not to be
irradiated with a | aser beam are prepared on either
side of the line along which the naterial is to be
di vided and along the line along which the material is

[10] Aoschibingl xppiedius fof P beitiley ehaterisin doimprtingt he ipradiating portion for
along the line along which the material is to be

irradidtivig debrittle matdhil Iwitle adesd; beahn racédolih§ @orticnafhr dbaadly cooling said
portions are irradiated wwth a pair of beam spots

brittlé Glidtedaloby shpiliingi £l eolamtt 4o thiachrittleematesial) artdl & hmévieg portion for
material is to be divided at the center, and each of

movisfidd ifradidting @dripar dndsed keding dodtign sélskdveptar dachmther along a line
approximately in the formof a Iine which extends

drawi ah ¢hd littleamitesial alogg @hichghevbrittke mhieriahisad balivided, eheein
di vided at a snmall distance from the |ine al ong which
t hike imAdinting pordioh drriadiathisvingdthted\betiohaiwithe lapedeant on both sides
the | aser beamnoving relative to the brittle materi al

of thé lne kloag edrhddilierbrittleanstariabisviothe dividedand itradipteatn udn-irradiated
the width Wis reduced, when the width of the

porticiowhich i@ dotairadispet withra lase\beaDilovg sler fide slgnspbichethe snaterial is
for a brittle material, conprising: an irradiating

to be @iviédyanfidhe codlingdicatiompeailyoedolst 4 pomvimhexlomg theilide elong which the
| aser beam a cooling portion for locally cooling said

brittlb miatériad imaterdieddedty suppl ying a coolant to the brittle
material; and a noving portion for noving said
i rwledéiatthe irrabiated portiond asairdadisef iwith ppair oHreamesmpits greboth sides
to each other along a line drawn on the brittle

with thetlatel Albngawhiely thibrittld metdial i lodbentivided at thesenterizmd each of said
di vi ded, wherein the irradiating portion irradi ates

irradiatedogtirtibwechgzcr long ale pottivroagpasematedain e fomt bf s livewhich extends
of the Iine along which the brittle material is to be

paraltdl v thedinaradorigrwlsich thecmat@riabis-tb be dilidadent a snoalt distaneh frotn the line
is not irradiated with a | aser beam along the line

alongatlarlgthehinaterinhis torhe diviiddd; i s 27

wherein the irradiated portions are irradiated with a 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 irradiation energy between the two peak portions is zero.
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to be divided, and the cooling portion locally cools a
portion along the line along which the brittle
material is to be divided; wherein the irradi ated
portions are irradiated with a pair of beam spots on
both sides wth the |ine along which the brittle
material is to be divided at the center, and each of
said irradiated portions has a |ong side portion
[11] A ppribixg ngipakatus rfor ebfiglemmaterinl] corepridinghaext@dosing portion for
parallel to the line along which the material is to be
irradiotivg ddsritdle matenial with s tlases dehmo | dobkng poeionabo hgalihicedling said
the material is to be divided. [10] A scribing
brittla ppasdlusy suppl@ndra édolamt rtatthe ibaittle ansgprink iang: a aroving portion for
irradiating portion for irradiating a brittle
movingeded! iraddistiddparticasad daghogoliag eortidnn@lqgietto@ack other along a line
locally cooling said brittle material by supplying a
drawicaotleriirittle nisdteridraldrig vehinintles bhrittle naaterial iswybedivisied | wherein
for noving said irradiating portion and said cooling
p thiet ircdliatélgagartien ireadiateh hobdiatedaostionsowith mdased baswm oarboth sides
the brittle material along which the brittle materi al
of thei linet adoigee wilichi thie drittd @xaterialtib @o be divddek amiirpalidte® n non-irradiated
irradiates irradiated portions with a | aser beam on
portiobotHicls isdes irrafliatddewith adasdr begmvdlomghthieimebisorg wikich the material is
material is to be divided and irradiates a
to be divitteds amd tlet @dling potticariossdllyciools & pration miongithe dae widnlg which the
| aser beam along the |ine along which the material is
brittld mateeiatiiswp dedjvidedil t he cooling portion locally cools a
portion along the line along which the brittle
nethereimthe israfdatbdpaitiong et irssidertel withhepair ofdebmtspdts on both sides
portions are irradiated with a pair of beam spots on
with thefline sichgsvhivh the hritélel rhaterial Brig baidividedt 4tehb centbt, @nd each of said
material is to be divided at the center, and each of
irradigtai gportions delb atlen pde portios appxiamatelygnshel formporftai lore which extends
approximately in the formof a Iine which extends
parallpbtiogdhé Ghe along hwhidhi the nzdtenag)] inkn bddivited mb b @mialll distandedrdye the line
di vided at a snmall distance fromthe line along which
along whéchrthe erdtefialiis to ke dividédvi ded; wherein the irradi ated
portions are irradiated wwth a | aser beam havi ng an
i whexkimtheoirrashiated porticat isifpumeddoof allimechr & suGaelstiapxtends from an
di stribution, and said irradiation energy -
end poitionr inba tlérgnsilagottivm peak fpor theotlise whingtwhick the material is to be
di stance from each other over a wwdth W with a center
dividedaind said lpimesidepengionnwhen the |ine al ong which the
brittle material is to be divided is the center axis,
and the irradiation energy between the two peak
portions is zero. 28 [11] A scribing apparatus for a
[12] Apirihihg appamtimifor e Omittiesmateriadncimprasdigit am grrpdiating rportion for
for irradiating a brittle material with a | aser beam
irradiating o | birittle poateriahwitbr a lapenbbamcacboling satidn fiur localle cooling said
mat eri al by supplying a coolant to the brittle
brittlenmatarisd|by supslyangrevionlgnp de tthe britde matemialigndad thoving portion for
irradiating portion and said cooling portion relative
moving gaglaetadidting pationgnd shidneoling aowionrrelative tip iea¢H ether along a line
materi al along which the brittle material is to be
drawndin/tihg daittlevimatazial 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
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the irradiating portion irradiates irradi ated portions
wWth a |l aser beamon both sides of the line al ong
which the brittle material is to be divided and
irradiates a non-irradiated portion which is not
irradiated with a | aser beam along the |ine al ong

to be ifinidédal, talnd thetarlinglporrtson tocallyecodlsvd pledion aabshet the limecllonpgwhich the
portion locally cools a portion along the |ine along

brittleviatdridiieto Berditidédd material is to be divided; wherein
the irradiated portions are irradiated wwth a pair of
bedrarsipahes ireadibet postichd are inkddiated evifh spaiabiiegmmyiothon both sides
the brittle material is to be divided at the center,

with thedireaddbngwhizhitHe brittleonha tetrindl igorhei dividedhatstha ceonteg asidciach of said
portion approximately in the formof a |line which

irrad iaxddeprattiongolaesad logf side pbition dppeoxdhatedy ishtihe Hornhef anbiteewhizh extends
is to be divided at a small distance fromthe line

parallel enthe\iinie Gliorighehinia tler materiabistto bl dividedi af adsmalhdistainee fring the line
irradiated portion is fornmed of a line or a curve

alongwhliich tiexh etecial farto be dividednd portion in a | ong side
portion away fromthe line along which the material is
t avleeeindhy irlediated ostadrdis| famgpdsiods tpbate olengfhl Ry tha direction along
scribing apparatus for a brittle material, conprising:

the lia# alohg adiich thegnaterihl wno be dividedraadi sawidtly iratHerditection perpendicular
material with a | aser beam a cooling portion for

to thd Boakloyig edidh thg matedal 1rtiothe| divided, emid shidlgngihpip [dgfingl by the long
coolant to the brittle material; and a noving portion

side gootion wol/said) widthds shortedithdn sugd pagth.on and sai d cool i ng
portion relative to each other along a line drawn on
the brittle material along which the brittle materi al
is to be divided, wherein the irradiating portion

[13] Arscaitingt esparatvadiontse bripde miatagalyicoinpeisingsen ipsaiating portion for
both sides of the line along which the brittle

irradiatingra btittiesmiateriné weitly indeckrdrdmi; rar adling @srtion for locally cooling said
non-irradiated portion which is not irradiated with a

brittlé asseriblebynsappipiongt ) eodlantetoathentgritbllei whterdali anddt ®# mheating portion for
29 to be divided, and the cooling portion locally

movingedid ixadiating portidnomgl sdié cbiling pakideyreltiehtotdach other along a line
brittle material is to be divided; wherein the

drawn pn stk gkt patetinbalsnmweichthabifititeodaterinhisdo paidivided, whenein
spots on both sides wth the line along which the
brthé irredinbe porionjigratiatésarmdistetopbriivns Wehadnserrbeamm both sides
each of said irradiated portions has a | ong side

of thepbing Along aylyctottierteritéle ynaterinhie th bemivfiedhahd eadihfesa non-irradiated
extends parallel to the line along which the materi al

portidnswhich heneli iviadedediwvith sslaaty bedirsalang thef lirenalokgewhichdhe material is
al ong which the material is to be divided; wherein the

to be idividefi, and d¢hp ovdling portgorf eatiydcosls mportion adong the [lmegtiéng which the
the direction along the line along which the nateri al

brittle materidlas thibeidiededind a wi dth in the direction
perpendi cular to the line along which the material is
t ovhiseeidithé theatliated goxtiting akreirgidiated witdfd paid ofheanhspobaomyboth sides
side portion and said width is shorter than said

with therlgteralong which the brittle material is to be divided at the center, and each of said

irradiated portions has a long side portion approximately in the form of a line which extends
parallel to the line along which the material is to be divided at a small distance from the line
along which the material is to be divided;

characterized in that the non-irradiated portion has a space across which said long
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[131 A scribing apparatus for a brittle material,
conprising: an irradiating portion for irradiating a
“brittle material with a | aser beam a cooling portion

for locally cooling said brittle material by
supplying a coolant to the brittle material; and a

side poEtidneaqeciath othek @b a witith W asdiwtlen thathicknesgofithe bridtle material is
and said cooling portion relative to each other al ong

T, said W isrig a relfiganiroraM/3Che At i ttl e material al ong which the
brittle material is to be divided, wherein the
irradiating portion irradiates irradi ated portions
with a | aser beam on both sides of the line al ong

[14] Aviicibing heppakitub |for aabettleamaiteridl 0 chippdéing dedl imadiating portion for
irradiates a non-irradiated portion which is not

irradibtifig di Indield mbtehiahwithse ladee denml angolifiepbitioa far doeglly cooling said
which the material is to be divided, and the cooling

brittle @tatérinl Hyoeliplying @otdslamt (16 rthe dinittle Gngtetiile anidne nadvixpgportion for
which the brittle material is to be divided; wherein

movirighaid irradlhidhg porbion tand naidémling partiont ethtiveith eaclpaiber along a line
beam spots on both sides wth the Iine along which

drawi &etHerbirittle endtedidralalg wisich chelderittle nhatedalis td bedieiet ewherein
and each of said irradiated portions has a | ong side
p ol ireadligtigy wortionn ireddiaten itrhdiatedrporidénsowith adasshibedm on both sides
extends parallel to the |line along which the materi al

of thei linet dlote wilichi ttie Bridtle ansseridilis do bé divdidedf amnirtdddates Reon-irradiated
al ong which the material is to be divided;

portionlvetielc isaidt 2rddiated widh atlhsrbeamialsrpdtihatlisg abaigt whioh ks material is
space across which said long 30 side portions face

to be daddedphink theacolng\polition\Mcadly dotilh apdrtien klvng khe dise @lonighehich the
brittle material is T, said Wis in a range from T/ 30

brittld mat2Fial [sité be Anddadi bi ng apparatus for a brittle
material, conprising: an irradiating portion for
i mhackimthenigradidied partionsatecriadiated witha gaasefibebmaspptsan both sides
cooling portion for locally cooling said brittle

with the thiae iakdnglwhich thzl hrittlg neateriol iad be divided dirthé témger, and each of said
material; and a noving portion for noving said

irradiated pditiinshgs pdong gde portios approzodtelygn pbe formofmdimetwiieh extends
to each other along a line drawn on the brittle

parallahtoghe lihe aloog grhidh thh nidteridiris td beedinblied at alsmall digate from the line
di vi ded, wherein the irradiating portion irradiates

along iwhichdiha tredexpadris tcobesdividedi a | aser beam on bot h si des
of the Iine along which the brittle material is to be
dimhechinl tiznitrddiatad pettize ia fovoredi of madhintfdsbampepots onsushiacform that
is not irradiated with a | aser beam along the line

one ciatle nylonigicirelet ib elividédeini sichissmahpervhatlithe bagditudingl 4fie is along the
cooling portion locally cools a portion along the line

line aling rwhivihilehmetesial oy it bd divivetievitlab rog-itmdizdedpaitivedntervening in
wherein the irradiated portions are irradiated with a

betwepmi r of beam spots on both sides wth the Iine along
which the brittle material is to be divided at the
center, and each of said irradiated portions has a
| ong side portion approximately in the formof a |line

[15] Ansénsliing xppatigus far al bréttlet matdrial| cameprédingigantiirefiiating portion for
material is to be divided at a small distance fromthe

irradibtimge a brittle material with a laser beam; a cooling portion for locally cooling said

brittle material by supplying a coolant to the brittle material; and a moving portion for
moving said irradiating portion and said cooling portion relative to each other along a line
drawn on the brittle material along which the brittle material is to be divided, wherein
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al ong which the material is to be divided; wherein the
irradi ated 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 |longitudinal axis is
along the |ine along which the material is to be
ditké deadiafitdpartioonrradiabadiintadht@bpdriions wither lageri egmi on both sides
between. [15] A scribing apparatus for a brittle

of thenkibecaloak whidnhei sitblg matariak isadibatdividedpond impadiites 2 non-irradiated
irradiating a brittle material with a | aser beam a

porticnowhich gs patritiadintédwithachbkérybeaonhlpng) tiealink albng which the material is
mat eri al by supplying a coolant to the brittle

to be dintided, ahd the doodingpettivn jpeally @olsfoportivo\along theilihe along which the
irradiating portion and said cooling portion relative

brittlé maeaidl iotolterdiwtedig a |ine drawn on the brittle
mat erial along which the brittle naterial is to be
diwlietleid thevireadiated Partidne are ireadiisted mithpopair of bdany grta¢reboth sides
irradiated portions wth a |aser beam on both sides

with tie lidecalérigehizh dhebrittiecinateninl ior tothe| divided e¥ thel centertamdizach of said
di vided and irradiates a non-irradiated portion which

irradiatednmirtions ki aeloegl side tphrtion aypesxibetely & thedorrhef 4 limewhich extends
al ong which the material is to be divided, and the

parallebtd thedinp aldrigovhitlo tiel thyteciablsgo be doridddoat acdnaaibydistascd from the line
along which the brittle material is to be divided;

alongwiisclethre minerinl isacbatadieddrti ons are irradiated with a
pair of beam spots on both sides wth the |line al ong
Whvileinein hide birtatdidted pattémm af aimeit of beami spotketh atch heform that one
center, and each of said irradiated portions has a

rectahgle iy divided posuchanmawppershatnthe ddngitudintah exis iy sloud the lirersdong which
whi ch extends parallel to the |ine along which the

the madriad isfo hieslitidedwitt iavicddradiated portioh imtewteaingdanfoetyraenhe
line along which the nmaterial is to be divided;
wherein the irradiated portion of a pair of beam spots
in such a formthat one rectangle is divided in such

[18] A sveibingr appeaatus hior |20 hgjiktle dnatetialaxpmpriging] engirtddéatiignportion for
along which the material is to be divided with a

irradiating iar batleatnatbrizd vtitlon laserdreaeniianepoling ipettivaefor 1y cooling said
scribing apparatus for a brittle material, conprising:

brittlamadterialdbasupdyipgra cavartoto therbrittieampategiali 4n1di @ theving portion for
material with a | aser beam a cooling portion for

movingead liradietihg pgrtgami ahd rid codlimgrmmrden zdlative togaoh wileg adong a line
coolant to the brittle material; and a noving portion

drawi on thelpvitiegnaterial dlomgethizhithgbytie materiahis to b divided, Wherein
portion relative to each other along a line drawn on
t ike bradistieg pertion iabdiaterigradistehparbienpwithtd leserdteam oxi both sides
Is to be divided, wherein the irradiating portion

of the linegliong edhidh thedirittle dngterial srtg baidivided hatg énradiatemaonen-irradiated
both sides of the |line along which the brittle _

portionewlsich ad notsirtadisbed withiadladerdrdni 2longithet ke along which the material is
non-irradiated portion which is not irradiated with a

to be |dirddad, lbed the beigg teetidni lvealls eonly avbesiontdlengnideditiesalonpgswhich the
to be divided, and the cooling portion locally cools a

brittlp oyatérol imtodeglivided:| i ne al ong which the

wherein the irradiated portions are irradiated with a pair of beam spots on both sides
with the line along which the brittle material is to be divided at the center, and each of said
irradiated portions has a long side portion approximately in the form of a line which extends
parallel to the line along which the material is to be divided at a small distance from the line

32



brittle material is to be divided; wherein the

irradiated portions are irradiated with a pair of beam

spots on both sides wth the |ine along which the

brittle material is to be divided at the center, and

each of said irradiated portions has a | ong side
alongydrith the maeriekistabetiyided; t he form of a |ine which

extends parallel to the line along which the materi al

i svhieoeibetheliimadiadingt portismebinpdsest o optiéal aiystiehe adjusiéng Bértion for

along which the material is to be divided; wherein the
reducingr e witdtn §V o stidosonciorgdidted postionopmt trded teiteiense the speed of the

adjusting portion for reducing the width Win said
laser hezm ntovangti ralagiste potheibeittle mabderdelr t o | ncrease the speed

of the |aser beamnoving relative to the brittle
material. 33
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