- 1- Title of the Invention Processing Apparatus Using Laser Beam Field of
.the Invention 5 This invention relates to a processing apparatus using a

| aser beam and, nore particularly, a processing apparatus conprising
hol di ng means for hol ding a workpiece, and |aser beam application neans for
irradiating the workpiece, which is held by the holding neans, with a 10
pul sed | aser beam capabl e of passing through the workpi ece, thereby

deterioratiﬂg,tte Ygrggiefe. Description of the Prior Art In the production
of a semico OHeViCerNYBR 48 exanpl e, it is well known that many

sem conduct or circeirbsesaitgf appadadnst beihgceagkrapeaker, including a
suitable substrate, such as a silicon substrate, a sapphire substrate, a
silicon carbide substrate, a lithium tantal ate substrate, a gl ass
substrate, of;@ gQuartzn20rsybstsate, and then the wafer is divided to
produce i ndrvrduat—sem conductor circuits, namely, sem conductor devices.
Vari ous fodes usi nghas| asgenpdam aed apespssed asocrsshods abpardituisdi ng t he
wafer. U. S t.6 n ap e pLi i | d- Open
No. 2001 277105 Bad L AT S5 BeB A Al Br Lo B A g HeF hod Gt cRCPOZtass a

pul sed | aserapeanatost ooaprintiagnmadidiagpoeaneonton hbédtihigckness kiieeet i on
of a wafer, ngvgs thebgulsed Haseg.bean1and he wafer,, relative to each

ot her al ong &"49i viFbn°F*HePBgEAEF B e™a% 3D %fe??B?ngBﬁngebPSn al ong the
di vi si on |inﬁofﬂpi@@e,iﬂh@tﬁEdéah@lﬁobyi@HeiHolb@n?hh§5ﬂ§$swﬁkhe§tiOn of the
waf er, and then exerts an external force on the water to break the wafer

al ong t he dePetFdrat BRI r BERBNCAPEPILE nPervabPe thEOYUSHI v o "GeOL&CE /t he

35 deterioraty0Rck9kOPekNotAe 1 hat ehredhakgipeLtion in the - 2

Description of the Prior Art

In the production of a semiconductor device, for
15 example, it is well known that many semiconductor circuits
are formed on the face of a wafer, including a suitable
substrate, such as a silicon substrate, a sapphire
substrate, a silicon carbide substrate, a lithium
tantalate substrate, a glass substrate, or a quartz
20 substrate, and then the wafer is divided to produce
individual semiconductor circuits, namely, semiconductor
devices. Various modes using a laser beam are proposed as
methods for dividing the wafer.
U.S. Patent 6,211,488 and Japanese Patent
25 Application Laid-Open No. 2001-277163 each disclose a
wafer dividing method which focuses a pulsed laser beam
onto an intermediate portion in the thickness direction of
a wafer, moves the pulsed laser beam and the wafer
relative to each other along a division line to generate a
30 deterioration region along the division line in the
intermediate portion in the thickness direction of the
wafer, and then exerts an external force on the wafer to
break the wafer along the deterioration region.
It is conceivable not only to generate the

35 deterioration region in the intermediate portion in the



t hi ckness direction of the wafer, but also to forma deterioration region
along the division line in a portion ranging fromthe back of the wafer to
a predetermned depth, or in a portion ranging fromthe face of the wafer 5
to a predeterm ned depth, instead of or in addition to the internediate
portion in the thickness direction of the wafer. In each case, in order to
exert an external force on the wafer to break the wafer al ong the division
line sufficiently precisely, it is necessary to provide a 10 relatively

| ar ge thickné@éCBﬁeﬁﬁedaé?€¥ﬂéﬁapﬁoﬁhﬁeyﬁéﬁFr RfreBy Soatpelfativél y | arge

di mensi on of ythe rdstgrigrhategnon €9i0R iRet ReytRickness disneet ianabnt he
wafer. To increase the thickness of the deterioration region, there is
need to di spraseinpefponi thenbefk kd tdeuyapeirntoot pthedesepulised | aser beam

in the thick di rection of fer, and repeatedl ve.the pul sed
| aser bean1a§§§?Ré égf%b 9r§P§%?§g“?§- ac ggﬁ@rgg o%éc¥h§%d§§95w8nefine,
because 3 hetdetepredateoninegi drepit$,genatatedoifnotrhénvieddiittiynofto tthe focus

oint of the.pulsed laser beam If the 20 thickness of the wafer is
Pl atively | ARbEETEHbEEROPET THEN (B A0S LOrkIFo8: SPERG 1oPe &t 6 Poner at e

the deteriorabifer. regi@cefcasapgcessaryet htekagsstt onbegakrhhe wetee
sufficiently precisely. In an attenpt to solve the above-described probl ens,
25 the speci PPcafPoli2aRd dPaRitfgs e dsdRdseé lpadentie ARPILiSERN éh NRo.

2003-273341, Slicked Byt hepappliiseant, (fthes assignee), ob theMigesent
application, disclose a’ processing apparatus adapted to focus a pul sed

| aser bedin telativeast lLewgef ¢ouskpsism oiditdsl deserilorehe odi restlioon of 30
Lhe optical Bthiaycaording; LR 190ah A PLAGEIN, APRBIALIS, dekarlpat | on
regi ons can be simnul taneously enerated on at Teast two sites disp aced in
t he thi cknessegdionedni aheoftha okordas edeeatamel pf &hwafwerferHowdver, the
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is need to displace the position of the focus point of the

15 pulsed laser beam in the thickness direction of the wafer,
and repeatedly move the pulsed laser beam and the wafer
relative to each other along the division line, because
the deterioration region is generated in the vicinity of
the focus point of the pulsed laser beam. If the

20 thickness of the wafer is relatively large, therefore, it
takes a relatively long time to generate the deterioration
region of a necessary thickness to break the wafer
sufficiently precisely.

In an attempt to solve the above-described problems,

25 the specification and drawings of Japanese Patent
Application No. 2003-273341, filed by the applicant (the
assignee) of the present application, disclose a
processing apparatus adapted to focus a pulsed laser beam
to at least two focus points displaced in the direction of

30 the optical axis. According to such a processing
apparatus, deterioration regions can be simultaneously
generated on at least two sites displaced in the thickness
direction of a workpiece, namely, a wafer. However, the
processing apparatus is still not sufficiently

35 satisfactory, but poses the following problems to be



- 3 solved: Deterioration at one of the two focus points, nore
specifically, the focus point at a shorter distance from pulsed | aser beam
oscillation neans, inhibits application of the pulsed | aser beamto the

ot her focus 5 point, nore specifically, the focus point at a |onger

di stance fromthe pul sed | aser bean1osqjléa;ion means, thereby inhibiting
the generation of desired deterioration. ~Sunmary of the Invention 10 It is
a principal object of the present invention therefore, to provide a novel
and inprovedsﬁﬁgggsSi% € %&%ﬁ%&?@ ?&i%@?daﬁa.%ﬁ'ﬁﬁénfo?%% %ﬁb%%%sing
apparatus bebng sppabkecef lgenenat ifbgudeperner ati anshastdesdiedanes at

| east two focus points displaced in the_thickness 15 direc¢tion of a

wor kpi ece, mﬁFP@ PHbEﬁgogéﬁﬁraVSPWiHécélléFﬁﬁgtWﬁﬁnﬁheﬂéhagﬂéﬁioration of
one of the tugpfoeHsioRObAt $nieNhibisks apBki-caLLANtEf tacpBkaed kasgs beamto
the other focus point, thereby generating a deterioration _region of a
requi red X hi BRABEs MATEhEPRELKpICadey 20hpefocHe Padaft 8fsa dPrggént |y
conduct ed sta@geéne_edfreﬁ\p%bﬁ%@_tléeda@qs@i\vgefdg_uggc&*ﬂaft%komega facts: A
pul sed |aser beamis focused, wth sone tinme difference provi eg, to at

| east two fothsrpbiyntishdiogpliagedhien dete reptiionalo faxies 1 miid etsttieon aafa titee .

pul sed | aser beam accordingly, displaced 25 in the thickness direction of a
wor kpi ece. As a result, a situation where deterioration at one of the focus
poi nts i nhi Butsaappbifcahieonnokentthenpul sed | aser beamto the other focus

point c be avoi ded. ,Thus, the afarenentione ri nci pal, object can be
att ai ne?ilho 30 That i's, “atcorkthi T Rt He ]r?rcetseoric;j ﬁrﬁ?\/é?ﬁq 't gilsrlvaentplr%e_ssi ng
appar at us ustRgrarbaser theamchakeatst alofiend ahlie i mpRevedBRbicered npr i nci pal

object, there is provided a processing apparatus using a | aser beam which
conpri ses h8PBRAGEREaNS G ehdiediedg PEor kpice P& 0CE8§ 1Nds PPBERHISS

application peang tababnladiralddi@ 1he MOHRILGe rR8l% P¥s desired, on

at least two focus points displaced in the thickness

15 direction of a workpiece, while ingeniously avoiding a
situation where deterioration of one of the two focus
points inhibits application of a pulsed laser beam to the
other focus point, thereby generating a deterioration
region of a required thickness in the workpiece.

20 We, the inventors, diligently conducted studies and
experiments, and have found the following facts: A pulsed
laser beam is focused, with some time difference provided,
to at least two focus points displaced in the optical axis
direction of the pulsed laser beam, accordingly, displaced

25 in the thickness direction of a workpiece. As a result, a
situation where deterioration at one of the focus points
inhibits application of the pulsed laser beam to the other
focus point can be avoided. Thus, the aforementioned
principal object can be attained.

30 That is, according to the present invention, as a
processing apparatus using a laser beam for attaining the
above-mentioned principal object, there is provided a
processing apparatus using a laser beam, which comprises
holding means for holding a workpiece, and laser beam

35 application means for irradiating the workpiece, held by



- 4 the holding neans, wth a pul sed | aser beam capabl e of passing through
the workpi ece, thereby deteriorating the workpiece, the | aser beam
application neans including pulsed |aser beamoscillation nmeans and 5
transmtting/focusing nmeans for transmtting and focusing the pul sed | aser
beam osci |l | ated by the pul sed | aser beam ,oscillation neans, wherein the
transmtting/focusing neans focuses the éulsed | aser beam with a tine

di fference ovi ded,. to_at | east. . two focus pqints displaced.in t 10
optical axi s%ier é‘@ﬁ%&ﬁlgofnetaﬁleg’pmlst% 9 é’élé‘rseﬁlegr‘?lserP%&ag} &5RAP @

transm tti ngbhesusigng hrears freeuses kdiked,asek reegmdee drfie fa6us; poient at a
| onger distance. fromthe pul sed | aser beamoscillation neans earlier than

the focus poRtkRiegSshd aficdt AFCE BREMIRE 1pM §EGNE5 Jngserdihgam
oscillation mranrsq Thedr MR fJderiancs iy iRansf Qeusi ng between the focus

points adjacent in the optical axis direction is preferably not smaller

t han one %ul§éan§@ﬂ§ﬁhﬂ@4ﬁ0qqﬁ§Qﬁnmﬁﬁﬁﬁzﬁﬂﬁ'qﬁ%ﬁﬂmqﬁhlWﬁnanﬂQﬁﬂqu%m a
tinme interval RetygeR SUCERSSiHEPUIES 1of I8 PURed AQ d asels he na
preferred errbo%i :E?ent , the transrrrrlptti ng/ f ocusi Xg%rlrlea sual%ncﬂau ess aqis%lr[# tter
for dividi ngpstdié Jailised rMeager, bdwmmdirormhtehd npulssed tiaseif dmamnogeEdnsat i on
nmeans into a first puylse e a ond .pul sed ser__beam a
plurality of ffr%d;ufsoerss%fhoser %éJSlaS:ﬁq% gl%}sﬂeg} the mdpt“lagg'l aaxq[)lén eofdd]t%fgerseenccgend pul sed

| aser beam wirttdvitdesl,optd cal ladst dfwd e>dus stoipitlsseld ddseredeiamtheadi anet er

changi ng ans .f.or _.changi ng the dianeter of qne  aof the first pulsed | aser
beam and'? he F&dSid B eﬁ%%lo%e%ﬁn%%fugsmefroafﬁ%g | ens.
Preferably, the 30 pransriaplynot hecusingmieansy | st usesy onthieal rpatbebengt h
i ncreasi ng neans for increasi n%&f he optical path length of one of the first

pul sed | aser Beak?&fd e eond pul et RUSEr Bedmloneeoptiga™Path | ength
i ncreasi ng means, dHLiRMARY 146d MARS @b QPIGR! 1 I Rfary &Pl 1alddan of

the focus point at a shorter distance from the pulsed

15 laser beam oscillation means. The time difference during
focusing between the focus points adjacent in the optical
axls direction 1is preferably not smaller than one pulse
duration of the pulsed laser beam, but not larger than a
time interval between successive pulses of the pulsed

20 laser beam. In a preferred embodiment, the
transmitting/focusing means includes a splitter for
dividing the pulsed laser beam from the pulsed laser beam
oscillation means into a first pulsed laser beam and a
second pulsed laser beam; a plurality of mirrors for

25 aligning the optical axis of the second pulsed laser beam
with the optical axis of the first pulsed laser beam;
diameter changing means for changing the diameter of one
of the first pulsed laser beam and the second pulsed laser
beam; and a common focusing lens. Preferably, the

30 transmitting/focusing means includes optical path length
increasing means for increasing the optical path length of
one of the first pulsed laser beam and the second pulsed
laser beam. The optical path length increasing means
preferably includes an optical fiber or a plurality of

35 mirrors.



35 mirrors. - 5 In the processing apparatus using a | aser beam according
to the present invention, a tinme difference is caused to exist in the
focusing of the pulsed | aser beam at each of at |east two focus points.
Hence, a situation 5 where deterioration generated at one of the focus
points inhibits application of the pulsed |aser beamto the other focus
point is avoi ded. Consequently, deterioration, as desired, can be generated
on at least two focus points. 10 Brief Description of the Drawings FIG 1 is
a schematic ViEM/SHBWF%@ RIPCEFSEd 2PERBATUFENE 1610 & Prrecds ASFF appar at us
constructed 48copgcREdRACELW bRebBRLPEESEALibAVERt LORe Kk BfeZehseaigraph
showi ng a tinme difference durlng 15 focusing between_a first pul sed | aser
beam and a séedpdd pol SBdSFasBr tBeahPFHSLRE PFoEBSsPHES&PpAREELSPEATFI G 1.
FIG 3 is a schenetigevhew show ngoapghier oehedi mend, of &, pgocessi
apparatus constructed in accordance wth Fhe present 1nvention. 20 FIG 4
is a graph swbeiagdaterierdtipar eaverduedngt Poeusinghandagua Pieistspul sed

| aser beam - .aser b ir Lsed | r in
the processt A Abar BPHAL5r (e °5. T05 BBrarred-DEScPERl of oftt Rete
Preferred EnbodusenbsntPief enpeédeenbotomesdisenf 1@, pdecessongt appar as us
using a laser, beam, which is constructed in ?ccord nce_wth the present
i nventi on, WPEFIRGW b&2HeBEr PHEG AR PBafer 16854I FVBy TPEPSEr BREE S0 t he
acconpanyi ng drawings. 30 FIG 1 schematically shows a preferred enbodi nent
of a processing apparatus constructed in accordance with the present
i nventioff TRE1EELI HSEFALRFL g DT us conprises hol di ng neans 4
for holding a workpigce 2 s anddaselt ReamAPRIH&AIHPN Padse i fl cat ed 35
entirely at the nuneral 6.

empbodiment of a processing apparatus constructed in

accordance with the present invention.
FIG. 2 is a graph showing a time difference during
15 focusing between a first pulsed laser beam and a second
pulsed laser beam in the processing apparatus of FIG. 1.
FIG. 3 is a schematic view showing another
embodiment of a processing apparatus constructed in
accordance with the present invention.
20 FIG. 4 is a graph showing a time difference during
focusing among a first pulsed laser beam, a second pulsed
laser beam, and a third pulsed laser beam in the

processing apparatus of FIG. 3.

25 Detailed Description of the Preferred Embodiments

Preferred embodiments of a processing apparatus
using a laser beam, which is constructed in accordance
with the present invention, will now be described in
greater detail by reference to the accompanying drawings.

30 FIG. 1 schematically shows a preferred embodiment
of a processing apparatus constructed in accordance with
the present invention. The illustrated processing
apparatus comprises holding means 4 for holding a
workpiece 2, and laser beam application means indicated

35 entirely at the numeral 6.



- 6 The holding neans 4 is conposed of a holding nenber 8 forned, for
exanpl e, froma porous nenber or having a plurality of suction holes or
grooves formed therein, and suction nmeans (not shown) annexed to the
hol di ng menber 8. 5 The hol ding nmeans 4 may be of a formin which the
wor kpi ece 2, for exanple, a wafer, is attracted to the surface of the
hol di ng nmenber 8 by suction. The | aser beam application nmeans 6 includes

pul sed |aser bea cil l,at.i_on ans 10, and transmtting/focusin 10 nmeans
12 for transmtti gg%énckilofl(;%clﬁlﬁ rrl[{ggeaé’lspuﬁ sed CioéngéjrsebdZe? &s?%%(%tné]d “be?“%re

pul sed | aser sbhéammedci fFbat erampians f10m al ppevtanikynpetrherpubsedgl aser beam

oscillation ans 1g ogcillgtes %8ﬁU|Sed | aser beam 14 wh%ch can pass
through thePwWdFRpi-E¥e®2. SPELERE KSi 8Ce92°P¥es WarBFd heFibithy £5%
silicon substnateonamsapphiihetsybsimhat ennaxstl keoRhecabbiddagsubgbeat 8, a
lithiumtantal ate substrate, a glass substrate, or a quartz substrate, the
pul sed | aser Th8aRP L848R M&ENRSNn nB@Ys PE0OfaR BETAIHENTRGESUSHY formed from a

YV04 pul sed |,gsepi@sei bl aker ek apYAG pulsed | aser 20 a3¢ily ok nwhi ch
oscillates the pulsed |aser beam 14 having a wavel ength of, for exanple,
1064 nm Wt Ruréherpenéethe PPEAing memberadshivt siuegitdcusi ng means 12 in

the | aser beam appl4 aﬁng?nqggg i S« 1Nt e e S | aser
beam oscil |l ati on mgﬁi 0 an ?ﬁgaﬁﬁiﬁﬁ%ggﬁggﬁgﬁ%wg#%ﬁék%gﬁgf%%ineans
4. The transaistti hgefmoogsiiig atBams rE2nisn 10he anld tstanatmed t ient/ddicnenitng

i ncl ude hal f mrcror. 16 _functi.oni.ng as a_. spli.tter, a.mrrqr 18, .a_ mrror
20, a hat§ nPPBP 33, TO%i SAELE ARG G ERAY 3% FIIGE hafiEen PFRE. hal f
30 mrror 16oardllbeeckably mher @ulddd drdeapbieeal opaliil laengirh mdaner €asi ng

means 26 di sposed between the m.rroy 18 and the mrror 20. The dianmeter
changi ng neaﬂ?p?Et?§t£EWp5§§dpﬁﬁs%ﬁ;%ﬁ%ﬁhg@PHhQﬁQﬁi%ﬁﬁiqgmﬂﬁépqe;ses 28

and 30. The eptiicaktpat b engdy iNEaaYdih MRANG 126, fQh iNwLasingdhe

the workpiece 2. If the workpiece 2 is a wafer including

15 a silicon substrate, a sapphire substrate, a silicon
carbide substrate, a lithium tantalate substrate, a glass
substrate, or a quartz substrate, the pulsed laser beam
oscillation means 10 can be advantageously formed from a
YVO4 pulsed laser oscillator or a YAG pulsed laser

20 oscillator which oscillates the pulsed laser beam 14
having a wavelength of, for example, 1064 nm.

With reference to FIG. 1, the transmitting/focusing
means 12 in the laser beam application means 6 is
interposed between the pulsed laser beam oscillation means

25 10 and the workpiece 2 held on the holding means 4. The
transmitting/focusing means 12 in the illustrated
embodiment includes a half mirror 16 functioning as a
splitter, a mirror 18, a mirror 20, a half mirror 22,
diameter changing means 24 disposed between the half

30 mirror 16 and the half mirror 22, and optical path length
increasing means 26 disposed between the mirror 18 and the
mirror 20. The diameter changing means 24 is composed of
an expander having two convex lenses 28 and 30. The
optical path length increasing means 26 for increasing the

35 optical path between the mirror 18 and the mirror 20 by,



35 optical path between the mrror 18 and the mrror 20 by, 7 for exanple,
several neters can be conposed of an optical fiber extending, for exanple,
over several neters. Alternatively, the optical path | ength increasing
means 26 can be conposed of a plurality of mrrors instead of, or 5 in
addition to, the optical fiber. The transmtting/focusing neans 12 further
i ncludes a focusing lens 32 for focusing’the pul sed | aser beam 14. In the
above-descri bed processing apparatus, the pulsed |aser beam 14 oscill ated
fromthe pul S&F |58 Ifvani SO vk AT S TRIMEMSCAW ¢3S eplarant eePbycahe hal f

mrror 16 intogwo pulsed | §ef:pQ%@%§. Q?ﬂs 4 I first pulsed
| aser beam l1l4a ﬁ%?ch passegfihr%ug t éﬂﬁél &%f%gF %ﬁﬁEQ%Vances

strai ghtly, dndatnetsersoid pibsebtbser pddam ¢nbtwhindreassied reeimsl 24 t he
half mrror 16 a ﬁpgp d.in di jon. to sub ntially.perpendicul ar
di rection. Thcgar% irb?estjcsop se%?l%ggar Ielg%jllzl{a}' p%%grélsyﬁ %%ubrh&?%% %%hrré\;ger
changi ng feanish Z2Hdianii hes ebyhdasptisal di @weet er T¢langed, nore specifically,

is converted into a_ formin which its di er. gradual i ncreases as the
20 {11t pul ST e QA GRSt ht TTEr net o LA ERanag
means 24. Therend hee fidstf pahsety | aserpbesen 1hase passas 1hrough the hal f
mrror 22, and is focused bﬁ@the focusing lens 32 to a focus point 34a in

the workpi ece 2. Oh%t hB®ofReVerdRacriRedsBEBRASELNge@PPAERE UBeail®4h i s 25

reflected by thesddrifiedBedhel M pE011 Pre@nerifec i@l ful 24T 05522 boake
changed in direction to a substantially perpendicular direction at each

time, andlis ¢3allgtien Jugmesi hfola serdeaiw@rieyitieoprl£anlaxes bbigns
Second pul Sed T ater BeAM 1B 1 ST ScheR by T he o1 eyl R T She 335" Focus
poi nt 34b in phksewrkpseceb@am Ndacveachypahoen thréhg tdhethelf oousrpoi nt
34a and the focus, PoLPLin 340 L&, diRPIaced N 08 QRELGRL L BELS 1aser
beam 14b which i1s reflected by the half mirror 16 and
15 changed in direction to a substantially perpendicular
direction. The first pulsed laser beam l4a passes through
the diameter changing means 24, and thereby has its
diameter changed, more specifically, i1s converted into a
form in which its diameter gradually increases as the
20 first pulsed laser beam l4a goes farther from the diameter
changing means 24. Then, the first pulsed laser beam 1l4a
passes through the half mirror 22, and is focused by the
focusing lens 32 to a focus point 34a in the workpiece 2.
On the other hand, the second pulsed laser beam 14b is
25 reflected by the mirror 18, the mirror 20, and the half
mirror 22 to be changed in direction to a substantially
perpendicular direction at each time, and is finally
brought into a state where its optical axis aligns with
the optical axis of the first pulsed laser beam l14a. Then,
30 the second pulsed laser beam 14b 1s focused by the
focusing lens 32 to a focus point 34b in the workpiece 2.
As clearly shown in FIG. 1, the focus point 34a and the
focus point 34b are displaced in the optical axis
direction of the first and second pulsed laser beams 1l4a

35 and 14b, and the focus point 34a 1is located more remotely



direction of the first and second pul sed | aser beans 14a 35 and 14b, and
the focus point 34a is |ocated nore renotely - 8 fromthe pul sed | aser beam
oscillation neans 10 than the focus point 34b. The position of the focus
point 34a can be adjusted, as appropriate, by noving the expander, which
constitutes the dianeter changi ng neans Zg in the optical 5 axis direction,
or by nDV|ng the convex |lens 28 or 30 of “the expander in the optical axis
di rection. IIus;rate enbodi ptical pat second

pul sed Iaser 8§nF FbPERPERAS 26 Tt SaWaP§Clﬁﬁﬁgopn2569|§ Bﬁetﬁﬁpf B ror 16,

the mrror 18octibepd@naptibal pathpbengibni oErersi ngcieapsirz6, 3aadchhe
mrror 20, so that the optical path |length of the second pul sed | aser beam

14b is increkSedd BYSTEGY éﬁaﬁﬁP§°p§éﬁéﬁalbﬁeF@W&“&s bEoRFEIPSESH t WIS

optical pathcheggthuekst heef iisharelsedanlaser reeam d4a. iHuse e 13000nd
pul sed | aser beam 14b 15 arrives at the focus point 34b l'ater than a poi nt

in tinme, 5wheéFleh8iffecst opul $&d Hvader ipsarmhesgondaghdsnshed eduss0 pdi nt 34a,
by a tinme reqyired ag@eghense%%n%ggqh Sad &g%e@ rg%%qbtﬂb to pass over the
Bath G ,

i ncreased optlcal in Fl is preferred that a
time difference 20 Idt ﬂkﬂvﬁ%&uiﬁmﬁmﬁﬂrﬁmb@ﬁtmenx \Mﬂﬁtopmﬂ¢alspa@MI@ﬁd | aser

beam 14a arrg%Iaser bea %%%%'q%gg %) nk%QQ>a£%¥ OI%{FQﬁ?% W@en t he

second pul se artives at ocus I'S" not small er
t han one pul serctmratQQmwa( mhlleselaﬂafdtrdl)rr,@tr afe tltetepmilsze:d:ﬂ dser Hieam 14a (or

14b), ut nol er t han |ne |nterval t be uccessjve ses
of the pt $se@ é§€ @ é%%F %mis%h%fmtheog

pul sed | aser stbe&maﬂtmes dpﬁ(iaiaqd patxet W@mt&ﬁmeﬂne\/%duﬁr&ﬁspmsé&tetése&st
pul sed | aser beam_ 14a. For exanple, |let each pul se duration of the pul sed

30 | aser beah®dud 4nd s14RBEREY Lborddd) S*AMP e STEFRL MIGRET éfuency of
the pul sed | asgfrheams, ik4a @and kb c e N 2lenpd dthe i Ff erencs, hesyeen

the optical path
laser beam l4a. Thus, the second pulsed laser beam 14b

15 arrives at the focus point 34b later than a point in time,
when the first pulsed laser beam l4a reaches the focus
point 34a, by a time required for the second pulsed laser
beam 14b to pass over the increased optical path length.
As shown in FIG. 2, 1t is preferred that a time difference

20 dt between the point in time, when the first pulsed laser
beam 14a arrives at the focus point 34a, and a point in
time, when the second pulsed laser beam 14b arrives at the
focus point 34b, is not smaller than one pulse duration
(pulse width) At of the pulsed laser beam 1l4a (or 14b),

25 but not larger than a time interval gt between successive
pulses of the pulsed laser beam 14a (or 14b), and that
each pulse of the second pulsed laser beam 1l4b is located
between respective pulses of the first pulsed laser beam
l4a. For example, let each pulse duration of the pulsed

30 laser beams l4a and 14b be At (seconds), and the
repetition frequency of the pulsed laser beams 14a and 14b
be W (Hz), and the difference between the optical path
length (L1) of the first pulsed laser beam 14a and the
optical path length (L2) of the second pulsed laser beam

35 14b be DL. Since the velocity of light is c (=3x10°



|l ength (L1) of the first pulsed | aser beam 14a and the optical path |length
(L2) of the second pul sed | aser beam 35 14b be DL. Since the velocity of
light is ¢ (=3x108 - 9 in/second), the above tinme difference dt is
(L2-L1)-.c. Thus, the second optical path length L2 may be increased so as
to satisfy Atxc <_ (L2-L1) < (1/WAt)xc. For exanple, if the pulse duration
At is 10 ns, and the pulse 5 repetition'frgeduency Wis 100 k (Hz), then it
is recomendapble to increase the optical path length L2 of the second

pul sed | aser "HESROIMD hyFHORROEE i e e Vi hi g helbapkt ket pat h

length L1 of 1rhgs fittsd qudsed d@sefal beain 1hengdd Mhafad hee finstepsdsed

| aser beam 14a is focused to the focus point 34a, deterioration is
gener ated i n hes vigw kpretelp, Apseatsdlefrlihi § fladlisdmgxcin Fae ekemaley of

the focus pog_atﬁﬁ?" %F%%%é&%a.fb@'A@gggg%@aﬁlpgﬁ§?n§he Lt W from the

focus poi nt upwer en the secon pul sed Taser beam 14b is focused
to the foeus jruaitiEisa fxRqueneydfibh 160 gendiat edthienthle i®rkpiece 2 in

the wvicinity t oﬂ%&g&wwi g%?»égse%dg@: #ﬁtit(‘ﬁ%l ;Fmgi £l figvi, ng, sone

width W2 from cus poi nt upwar rival of the first

pul sed | aser Heamddendtpuhee@0ldoeusbpannt 484y apdut hg maras vabmpdrede
second pul sed . l.aser beam 1 at, the focus. poipnt,34b_are substantiall

si mul taneous,mtthhertgn' solgtjtceafl%e%%%/htﬁ%?%%& i?gtt%’ﬁl EjelaStl%%g?e%e Ariaa
focused to thedmocusa point 34a is adversely affected by the deterioration
generated at the focus pojnt 25 34b, ang lLthe gener ation of desired
deterioraPion in t hBReRi ENRi £y I6F PHE SEEcuESHdi REAB44 s 1EnhPEEEd. tRssune,

by contrast,tidatodhe dbist pubsedetaserrheash 143 fsnéosusgdintonthe focus
point 34a to start the generation of deterioration in the vicinity of the

focus point 3JMEKRIRCE 30, tPRAAUGFt AT atlifefaFrPeR@ncen pFoi BeainihE s&cond
pul sed laserpiheamddb hsihocysed LouLNeyf 0CHS, PALRY B4R OnSt 8hke

width W1 from the focus point 34a upward. When the second
15 pulsed laser beam 14b is focused to the focus point 34b,
deterioration 1s generated in the workpiece 2 in the
vicinity of the focus point 34b, usually, in a region
having some width W2 from the focus point 34b upward. If
the arrival of the first pulsed laser beam 1l4a at the
20 focus point 34a, and the arrival of the second pulsed
laser beam 1l4b at the focus point 34b are substantially
simultaneous, there is a tendency that the first pulsed
laser beam l4a focused to the focus point 34a is adversely
affected by the deterioration generated at the focus point
25 34b, and the generation of desired deterioration in the
vicinity of the focus point 34a is inhibited. Assume, by
contrast, that the first pulsed laser beam 1l4a is focused
to the focus point 34a to start the generation of
deterioration in the vicinity of the focus point 34a, and
30 then, with a time difference provided, the second pulsed
laser beam 14b is focused to the focus point 34b to start
the generation of deterioration in the vicinity of the
focus point 34b. In this case, the situation where the
focusing .of the first pulsed laser beam 14a.to the focus

35 point 34a is inhibited by the generation of deterioration



t he generation of deterioration in the vicinity of the focus point 34b. In
this case, the situation where the focusing of the first pulsed | aser beam
14a to the focus 35 point 34a is inhibited by the generation of
deterioration - 10 by the second pul sed | aser beam 14b in the vicinity of
the focus point 34b is fully avoi ded, gngodgsired deterioration can be
generated in the vicinity of the focus point 34a and in the vicinity of the

f int 34b. 5 The abqve- t.i d deteri ti [n the, kpi 2
oceurs s el £Y i AnGSFE0) Pl FECatFoR™( REABI § Embht FAG "afdHoERGOFagBr

beans 1l4a andrddbsapeifecegpdisamdl1gokiveiticaat kaa akkeretthe focusing of the
pul sed | aser beans 14a,and 14b_is conpl eted and appears as voids or 10

)
cracks, althofighefhPEaFiChepfeRdBAt IGRCLRECHRLBr FAF FOF1PAEY Rér kpfece 2, or

the intensityretuthgopttsedal aser ibeame vi4anand 140 thecused:s \Wiamt had aser
beam application neans 6 and the holding nmeans 4 are relatively noved al ong

t he division ThaeakbrvVenBpR§ione egamprerataophénr t§ht WoskaagSeeft direction
in FIG 1, t rperathon port.io ek i,ngal t he
V\Bcéﬁﬁgaégwﬁgg_ﬁﬁlﬁ A9 géﬁoggﬁag\geﬂe?w %%gﬂag ) %m%f;

division line wt an the spo of the laser
beans 14a andh¢dbthe theefobeemsoildis aB4aldhdad4bforheesiporsd bei ng

adj acent in the,rglat i ye opverent, difeetion, \gver! .29 parti allyy, or meny
deterioration portions [ocated with T“spacing al ong FePdiviSsi 07 SMine with
the width WL hadmthédawedtih1Wp (isf ctomglepets ,obnthaepbasers heawveibtdaocand 14b

at the focus points 3 and. 34b,, the spots being adjacent in_.the relative
nnvenent:H?reEEFS ?’a?i%P88§pe&%W@tHssﬁﬁgﬁﬁafn§5%§rg oFﬁE&rﬂﬁlt%Qrwgbﬁpiece
2. As noted hebekpaeeer dingr tthet e thdnsst yerFodheent:1ekd he spiroeRSsIsNg

apparatus constructed in _accordance with the gresent i nvention, the
det eri or ati onlp8r 8P8nd48f TORESEd NWRRR ahlSt hRSHF dPRERAPRARCHELOD

si nul t aneous! yehaEMed anas tHRS HA Y rh@sSitnghe 3Q1laaselc 1ReamRRPI1GRI on
means 6 in the workpiece 2 in two
the division line extending, for example, in the right-

15 and-left direction in FIG. 1, two deterioration portions
continuously extending along the division line with a
width Wl and a width W2 (if the spots of the laser beams
l4a and 14b at the focus points 34a and 34b, the spots
being adjacent in the relative movement direction, overlap

20 partially), or many deterioration portions located with
spacing along the division line with the width W1l and the
width W2 (if the spots of the laser beams 14a and 14b at
the focus points 34a and 34b, the spots being adjacent in
the relative movement direction, are located with spacing)

25 are formed in the workpiece 2. As noted here, according
to the first embodiment of the processing apparatus
constructed in accordance with the present invention, the
deterioration portions of the width W1l and the width W2
can be simultaneously formed, as desired, by the single

30 laser beam application means 6 in the workpiece 2 in two
regions displaced in the thickness direction of the
workpiece 2.

If the deterioration portions of the width Wl and
the width W2 are insufficient to divide the workpiece 2

35 sufficiently precisely along the division line, the



regi ons displaced in the thickness direction of the workpiece 2. If the
deterioration portions of the wdth W and the wdth W2 are insufficient to
di vide the workpiece 2 35 sufficiently precisely along the division |ine,
the - 11 follow ng procedure is recommendabl e: The | aser beam application
means 6 and the hol ding nmeans 4 are noved,.relative to each other over a
predeterm ned di stance in the optlcal aX|s direction, nanmely, in the

-and- down 5_dj th 1 d 14b
up and down L ISELOL LA MG L DELERIC B eum eIt ddp g 100 e

direction of aﬁpﬂywmkimmaﬁeansFerahertheth@laﬂm@rm®£@ﬁ1ap@tecmbvea means 6
and t he hoIdiq? means nmoved rel ative to_each othﬁ along t he division
e

line. 10 In th %a%%%%e;o ?%e%daFP?6n0Y8rtﬂepﬁ?%?Eﬁﬁ%%?% ALSFBPAEt +Bn of the

previous detethorapt DBaPosti ONGirewRiodet REMOI QS | ON PREt LpRSnEcAbivAUOUS] Y
extending along the division line wwth the wwdth WL and the wdth W2, or
many detérlo?éf?%ﬁl%%r%POEQGro&at@ﬁeﬁFPH EBact pgual bRy tRel 15 ardi $£Bn 1ine

Wi th the w dth Wyand hbeaW At Bn¥2ogEecaf opaed Hf‘ré@@l@@rkﬁb@6§dgnﬁly5| tes
di splaced in the thickness direction of the workpiece 2

anot her enbodlﬂeﬁheothacb@©§§séiﬁ90taﬁpa@§tEbec@ﬁ§kPM@€@62ln Aecorefance mnth
the present 2 n o} h r at S i
T T s

conpri ses hol ing a workpiece aser eam
application neaasm¢06d Théahovdi hg meahsothed shynbetbf theisame line.

confi guratd on-as.{ hat e .holdi a h [ illustrated
in FIG ?d 251$hgﬁpgsggﬁ %ghléﬂp ggg?ﬁgﬁ géaﬁge % §eﬁnﬁgqogﬁgodlnent shown
in FIG 3 incfudmatpuhseﬂ thseprbeamuso&etbkabren1aaapsr116nsandwo

i i /f i d f
oo heam L1450t ER L P TR st B oh bR TR Eeb 1 e A SRR e e B S tRe 110,

division line with the width Wl and the width W2, or many
deterioration portions located with spacing along the

15 division line with the width W1l and the width W2 are
formed in the workpiece 2 at sites displaced in the
thickness direction of the workpiece 2.

FIG. 3 shows another embodiment of a processing

apparatus constructed in accordance with the present

20 invention. The processing apparatus illustrated in FIG. 3
comprises holding means 104 for holding a workpiece 102,
and laser beam application means 106. The holding means
104 may be of the same configuration as that of the
holding means 4 in the embodiment illustrated in FIG. 1.

25 The laser beam application means 106 in the
embodiment shown in FIG. 3 includes pulsed laser beam
oscillation means 110, and transmitting/focusing means 112
for transmitting and focusing a pulsed laser beam 114
oscillated by the pulsed laser beam oscillation means 110.

30 The pulsed laser beam oscillation means 110 may be
substantially the same as the pulsed laser beam
oscillation means 10 shown in FIG. 1. The
transmitting/focusing means 112 in the embodiment
illustrated in FIG. 3 includes a half mirror 116

35 functioning as a first splitter, a half mirror 117



30 The pul sed | aser beam oscillation neans 110 nay be substantially the
sane as the pul sed | aser beam oscillation neans 10 shown in FIG 1. The
transmtting/focusing nmeans 112 in the enbodinment illustrated in FIG 3
includes a half mrror 116 35 functioning as a first splitter, a half mrror
117 - 12 functioning as a second split;ea amrror 118, a mrror 119, a
mrror 120, a mrror 121, a half mrror 122, a half mrror 123, first

di amet er changi nea 4,.s i C j qﬁﬁys , f1yst

opti cal pathqﬁgﬁth gqﬁ%%$%é§i%%9%g%ﬁ%&§gg%§£b6%ng d%%?ca bd%ﬁé%%éééh

i ncreasi ng nedrs 271 angr al 2omomioousi Yl | enshdB2.miBaoh b2t he Harst

di anet er changi 4 d,t secand di aneter ch in ans 125 may
be substanti gll%lf}% { he s’a%%%gt%legg?%%‘gt(grpa% an irﬁl%a?rséaflé;g‘mg% %I\ll\#l in FIG
1, 10 and eachiadettdre dharsiinptneahs padHh, | £gsth opict easi pgtmebeasgtd26 and

t he second optical path |ength ipncreasing neans . 127 be of substantiall
the sane gon%ﬂb‘iﬁ%ﬁ%&? 481 tléa'f TR t‘?%tajrc%]atfﬁy?g%‘?rhg?%creasi ng rreansy

26 shown in Hdsedsiddioneves , 125, Whd decdmmdhefodepin@nesnsater, the 15
optical path length_ increased bé/jrthe first optical path. |ength increasing

means 126, amPHhePbptitatipat ndi FRGEH FRRPERSIBT"T hd? $efBRdEBPti cal path

I engt h increasddha neadite ey O8LAg1RgheShdfErentaPypa seestsgdibength.) In
t he enbodi nent shown in FIG 3, t%e pul sed | aser 0 beam 114 fromt1he

pul sed | aser HeansaERi#F athondheBEAse110nangisgparaned2gnebonnf ipsEIful sed
| aser be 11 i S u i 1:
am 114a whi oh  passe fwg?ag}g?w& t?ééhnl%?%ﬂ }I@cé@gfggggﬁggﬁs e

straightly, and a second pul sed ‘ beam 114b Isre
hal f mrror 1186 adrd chiemgeeconddbpectibnrath al@sgtbsnaneksaihg peependi cul ar

S SCLian et WSt QU eyl aser bear 348 paises LR aued; e e Lot
which is reflettede byptheahapbtm tengtilincreasing means 26 shown in
FIG. 1. (However, as will be further mentioned later, the
15 optical path length increased by the first optical path
length increasing means 126, and the optical path length
increased by the second optical path length increasing
means 127 need to be different by a required length.)
In the embodiment shown in FIG. 3, the pulsed laser
20 beam 114 from the pulsed laser beam oscillation means 110
is separated into a first pulsed laser beam 114a which
passes through the half mirror 116 and advances straightly,
and a second pulsed laser beam 114b which is reflected by
the half mirror 116 and changed in direction to a
25 substantially perpendicular direction. The first pulsed
laser beam 114a passes through the half mirror 117, and
advances. During this motion, a third pulsed laser beam
114c, which is reflected by the half mirror 117
substantially perpendicularly, is separated from the first
30 laser beam 114a. The first pulsed laser beam 1l4a passes
through the diameter changing means 124, and thereby has
its diameter changed, more specifically, is converted into
a form in which its diameter gradually increases as the
first pulsed laser beam 11l4a goes farther from the

35 diameter changing means 124. Then, the first pulsed laser



substantially perpendicularly, is separated fromthe first 30 |aser beam
114a. The first pul sed | aser beam 114a passes through the di aneter changi ng
means 124, and thereby has its dianeter changed, nore specifically, is
converted into a formin which its dianmeter gradually increases as the
first pulsed | aser beam 114a goes fartherifromthe 35 di aneter changing
nmeans 124. Then, the first pulsed laser - 13 beam l114a passes through t he

hal f mrrors J22, and; 123, s and t1‘1§oﬁ<%~?u§k§‘9 hyy £ hrﬁl%ro%‘ﬁsf% (g beané)n@

focus point 134a in the workpiece 102. The secon 114b
is reflected lb"y fdrugad ror g Eedusheo menrvrlid ote ¢ beosushpeged 1ia

direction to ; %ﬂﬁ?t Yo P en ul i.on -at and then
passes throuﬁh t é?ﬂ%é&é © g%g|ﬂg&%é%ﬁ§“ Zgﬁﬁ%ﬁgré%s %23%ﬁ§{|ts di anet er
changed, nnraispﬂfﬁﬁeqnddybyb@bagmtnnwerlbﬁ amdcthefm&nmon lubith bes

di aneter grad aII ncreases . as the second d | aser 114b goes
farther fgom% |%ne é%‘e n%on%ahgffﬁ$£%%€ ?hﬁp%%g %ﬁlsed | aser
beam 114b |sdnr:fffdtebmedaﬂ3yeach1e haﬂné namqiothélﬁapaﬁ@sé)@ thamged the direction

to a substantjall ndlcular d|re§£éfn h %b i s therebg brought into a
state where |PEHTEAIE ST ST PGNCZ M t ITHE Bpi eI akr S BFoTREST | r ot
pul sed | aser cmzag"@dL;Lé}mrérh@pecih@csewndb@uﬂ@e@oﬂl@é@te@eﬁﬁtélébfdﬁm fecused
by the focusing lens 132 to a focus point 134b in the workpiece 102. The

third pul sed Yas&t Heaf1amet¢s gF%@P%%%%dl%9r?%%e%1@?th§2®eC?h% mrror 121

and the hal f 201 dddroisd@2dmbe1 ghagged rareheection tReaqsuhstaptially
perpendi cul ar direction at each time, and is thereby brought into a state

where its optFRIIEHT SR PYNS2 W t Thathe WGpt i egonEkit fed her 99% Redmser beam
114a. Then, ti‘?4bti‘ér£’ePPéé€Qd| a§e§hgeﬁmélﬁ£rpe§8?§3tb&oy cBQﬁgQ&' {n25

mrror 123, and 1s focused by the focusing |ens ocus point 134c
in the morkplébeeanonTh@ #ogubspenniallgiperpetedioelsrpdinectidah, and the

focus point 1§§Ctﬁéféby brought into a state where its optical axis

15 aligns with the optical axis of the first pulsed laser
beam 11l4a. Then, the second pulsed laser beam 114b is
focused by the focusing lens 132 to a focus point 134b in
the workpiece 102. The third pulsed laser beam 11l4c is
reflected by the mirror 120, the mirror 121 and the half

20 mirror 122 to be changed in direction to a substantially
perpendicular direction at each time, and is thereby
brought into a state where its optical axis aligns with
the optical axis of the first laser beam 114a. Then, the
third pulsed laser beam 1l4c passes through the half

25 mirror 123, and is focused by the focusing lens 132 to a
focus point 134c in the workpiece 102. The focus point
134a, the focus point 134b, and the focus point 134c are
-displaced in the optical axis direction of the first
pulsed laser beam 11l4a, the second pulsed laser beam 114D,

30 and the third pulsed laser beam 1ll4c. In addition, the
second pulsed laser beam 114b passes through the first
optical path length increasing means 126, and is thereby
focused to the focus point 134b later by a regquired time
difference dtl than the first pulsed laser beam 1l4a being

35 focused to the focus point 134a. The third pulsed laser



di splaced in the optical axis direction of the first pulsed |aser beam
114a, the second pul sed | aser beam 114b, 30 and the third pul sed | aser beam
114c. In addition, the second pul sed | aser beam 114b passes through the
first optical path Iength increasing neans 126, and is thereby focused to
the focus point 134b later by a required 1t4'rr_e difference dtl than the first
pul sed | aser beam 114a being 35 focused to the focus point 134a. The third

pul sed | aser .- 14 ea C sses .t hrough t he secand .opti.cal, path | ength
i ncreasing ang. H’gc ?r‘%]sfés? &ﬁ]erroe 7 PC ceu%ee(fotné:1 t (e%lfcc?cluéjatgloilnetongfsmc | at er
by a requireddmeasdirfaf ereamese 10172, tdrah i hdhesetgnd qaulszed dasere eaomsl 14b

bei ng focused t.o.t 5 f.ocus point 134h. shown .in FIG 4, these tine
di ff er ences cﬂqln&ng%ét% & @rpl%é‘f &Jkﬂ?%@gﬁdﬂ@ Shface tqﬁg]fqﬁ}aﬁ pul sed
| aser beam 1k fseeused did dde TS bped Nt 4341 ddhe saod quilged | aser

beam 114b_focused to, the focus _point 134b, and the third pul sed | aser beam
114c 10 focus&fhH AR pofit SDONR aPeFdEquént FAFE§ fd8fsed wit hout

over | appi ng eaatrathRled midierdig At idm Jiik A PO GeasSi ik APPai Rt s shown
in FIG 3, deterioration portions are fornmed in the workpiece 102, as
required, in e MrEhRY A thrs oMo fEaged 34b s dirrus4c,

usual l'y, in rRgiANs Ay NG S UE MALH, Moy SR » WD 1%@%&%%%“@6“*‘ V8
fromthe foc&gﬂpoi nts 134a, 134 anﬂ(}J 134c upvvarr s. After the first pul sed
| aser beam It ficcU¥soasiad tio34the drot ushepditnitrd 34sl sedhel sxen ik aul Setr

I b 1 ' t j nt_ 134bh. Thus, t
| aser beap Ltk d asusat to, che Socyo PRIt a34 TS 20 hecugea
focusi ng of thegHautstoyrdlsgblmseradteamhed dan tAftresr dhecmesond pul sed | aser

beam 114b is focusefi o thg focus point 134b, the third | sed | aser beam
114c is focused to ¢ he’foRGEPBPAL 1%@8‘?“%%,S*E“ﬂ‘é“z%“dgﬁgrl fation in the
regi on havi ngidte g it OB woesi srod  atrahidrried hien fracsisiawgkpieddel 2L on
pul sed laserzﬂﬁ%ﬁh&%ﬂbin the vicinity of the focus points 134a, 134b
15 and 134c, usually, in regions having some width Wl, some
width W2 and some width W3 from the focus points 134a,
134b and 134c upwards. After the first pulsed laser beam
114a is focused to the focus point 134a, the second pulsed
laser beam 114b is focused to the focus point 134b. Thus,
20 the deterioration in the region having the width W2 does
not inhibit the focusing of the first pulsed laser beam
114a. After the second pulsed laser beam 114b is focused
to the focus point 134b, the third pulsed laser beam 1ll4dc
is focused to the focus point.134c. Thus, the
25 deterioration in the region having the width W3 does not
inhibit the focusing of the second pulsed laser beam 114b.
Thus, the required deterioration can be generated in the
respective regions having the widths W1, W2 and W3. When
the laser beam application means 106 and the holding means
30 104 are relatively moved along the division line extending,
for example, in the right-and-left direction in FIG. 3,
three deterioration portions continuously extending along
the division line with the width W1, the width W2 and the
width W3, or many deterioration portions located with

35 spacing along the division line with the width W1, the



Thus, the required deterioration can be generated in the respective regions
having the wdths W,, W2 and WB. When the |aser beam application neans 106
and the hol ding neans 30 104 are relatively noved along the division |ine
extending, for exanple, in the right-and-left directionin FIG 3, three
deterioration portions continuously extendimng- along the division line with
the wwdth W,, the width W2 and the w dth WB, or many deterioration portions

located with 3543pagingnal eng Wl%itqli WBIaR lidigmed Ll the Wdﬁ@i\éﬂee the .-
w dth W2 and the wwdth WB are forned in the workpiece 102 t he

det eri or at i on Igoithicodls tEf Lora taial ORI anise ofi dile WABENd l/h&he I8 are

insufficient t@ i de t he qronigpigce ;1 f entd along the
division 5 |ine, %f[nﬁiquﬁo OV%}I ng réﬂcedl}r %f?iréelggf%gnd% l%‘:\éT ﬁyaser beam

appl i cation nwezmskpl.@@%rl@& W@ﬂf@l@&@lﬁemc};@ela/r e lang ddhe eilatjisﬁ@rt 0 each
ot her over.a pr.edet t ' i rectian, ly,

in the up- andH % etéllrgr er}?ﬂllggr@ﬁﬁf%er@degﬁ%nel%gﬁly% chSangLeL'oi E\fklg %§§§@134b
10 and 134c arb@aah siplrdcech tiirort eeaop i 10 aaxd shdi redtdiorg mesccorlddih@ng in

t he thickness directi aof t e wvor iece 102. Furthe t he, | aser. beam

appl i cati on mESNs Claar?&vet he Hol% g{)nogﬁ}*%ar%v%f are C{%R/ee]amrréefcgtcg%ta[rbceeach
ot her al ong tike tdie\/ldi:thn:alll e id rditdd s imannelamd Iy adidi timon d;@—a];ﬁ:l-td‘tﬁm

af orenenti oned formati on of__the reV| ous deterioration  portions, thre

deteri orati on PTG Adhthi Hfroudl Y hehaBhdiltey HTHy RHd of vi 3 n H‘Hé Wi th

the widthiyd, de wfmcdtafkev\%lagmat&@ Wi i tdh B p 1Ol dmank deter @t don portions
| ocated wi th spaci ? along the division line with the 20 width Ni, the width

W2 and the wi 3§ Worifed it §HeC KRtk plisec o Af siheselspiered in

the thickness )ireeli-eReof, %ﬁ% W%%%Q‘%%%ml%%pllc%ﬁlodwﬁﬁéﬂgafd@”éﬂd s: 1. A
processi ng apparatus using a | aser beam comprisi ng

the holding means 104 are moved relatlve to each other
along the division line. In this manner, in addition to

15 the aforementioned formation of the previous deterioration
portions, three deterioration portions continuously
extending along the division line with the width W1, the
width W2 and the width W3, or many deterioration portions
located with spacing along the division line with the

20 width W1, the width W2 and the width W3 are formed in the
workpiece 102 at sites displaced in the thickness

direction of the workpiece 102.



hol di ng means for hol di ng a workpi ece, and | aser beam application neans for
irradiating the workpiece held by said holding nmeans with a pul sed | aser
beam capabl e of passing through the workpi ece thereby deteriorating the
wor kpi ece, said | aser beam applicationgreans including pulsed |aser beam
oscillation neans and transmtting/focusing neans for transmtting and
focusing a pul sed | aser beam oscillated by said pul sed | aser beam
oscill ati gmaeeaesc1hie wor kpi ece and said pul sed | aser beam bei ng
relativel y novable wth respect to each other: wherein said
transmtting/focusing neans includes: a splitter for dividing the pul sed
laser beam from ,3gLd Qyﬁngegpﬁmuyagﬂﬂuga@ QR SRBARS AN EOmBrf bE AL : Pul sed

| aser beam separat ed ?ro a second pul sed | aser beam a dianmeter”changi ng
means for changphdinpemdinsefer fldigia Remwartrpificest apdl sed | aser beam or
the second pul sed _| aser be optical path length j.ncreasi means for
increasing th aSSFigg?mp%?ﬁfi%ﬁéﬁ?P(ﬁe%ﬁﬁ:%ﬁr ﬁ%gaPﬁPs%ngukggd | aser beam
or the segerdppukseHelasey beodn Kol Piray i Water a pulisedngapersed beamto
the workpiece; a half mrror for aligning an optical axis of the first

pul sed | a®EA"HERRREHEI PLLH282IRY SHTTHET ThS WOLKPIGHEI EAFTERYs of the second
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pul sed | aser ,_beam w || have a focus point deeper _in the workpiece than
oscillated by said pulsed laser beam oscillation means,

the workpiece and said pulsed laser beam being
relatively movable with respect to each other:

wherein said transmitting/focusing means includes:

a splitter for dividing the pulsed laser beam from
said pulsed laser oscillation means into a first pulsed
laser beam separated from a second pulsed laser beam;

a diameter changing means for changing the diameter of
either the first pulsed laser beam or the second pulsed
laser beam;

optical path length increasing means for increasing
the optical path length of either the first pulsed laser
beam or the second pulsed laser beam to provide a later
arriving pulsed beam to the workpiece;

a half mirror for aligning an optical axis of the
first pulsed laser beam split by said splitter with an
optical axis of the second pulsed laser beam;

a plurality of mirrors arranged between said splitter
and said half mirror for returning the first pulsed laser
beam to said half mirror; and

a common focusing lens arranged beneath a lower side
of said half mirror for focusing and staggering focusing

points of the first pulsed laser beam and the second pulsed



the other, wherein the length of said optical path Iength increasing nmeans
provides that the later arriving pul sed beamarrives between successive

pul ses of the pul sed |aser beamthat has not been nade to arrive later, and
wherein the one of the first and secong; pul sed | aser beans that is focused
deeper in the workpiece first is applied to the workpiece, in a coaxial
direction of the optical axis, while the workpiece and the pul sed | aser
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includes a plurality of mrrors. 4. The processing apparatus using a | aser
beam accordiengtheo,cl aim 1, wherein a plurality of focus points are forned
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apparatus using a |aser beam according to claim21, wherein said workpiece
is a wafefeam arrives between successive pulses of the pulsed laser

beam that has not been made to arrive later, and

wherein the one of the first and second pulsed laser
beams that is focused deeper in the workpiece first is
applied to the workpiece, in a coaxial direction of the

optical axis, while the workpiece and the pulsed laser beam

are moved relatively.

2. The processing apparatus using a laser beam according
to claim 1, wherein said optical path length increasing

means includes an optical fiber.

3. The processing apparatus using a laser beam according
to claim 1, wherein said optical path length increasing

means includes a plurality of mirrors.

4, The processing apparatus using a laser beam according
to claim 1, wherein a plurality of focus points are formed
by displacing the pulsed laser beam in the direction of the
optical axis by said diameter changing means, and the beams
are focused so as to provide the time difference to at

least the two focus points.

5. The processing apparatus using a laser beam according

to claim 1, wherein said workpiece is a wafer.





