1°Title of the Invention Processing Apparatus Using Laser Beam Fi el d of the
.Invention 5 This invention relates to a processing apparatus using a |aser
beam and, nore particularly, a processing apparatus conprising holding
nmeans for holding 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 thrdugh the wor kpi ece, thereby .
deteriorating, the workpiece. Description of the Prior Art In the production
of a seni conbhbt®rofebhieelnyeptionexanple, it is well known th?tdnany

sem conduct or circpi e f the.fac f awafer, including a

sui tabl e substratnggﬁgﬁﬁgg gbg???ggﬁ Qg é?rg g?rangﬂphire substrate, a
silicon carbide substrate, a lithium tantal ate substrate, a gl ass

substrat e, - t e, and then the wafer is divided to
produce in il ghgolﬁygﬁ {&%ci rcuits, namely, sem conductor devices.
Vari ous #odes usi n§has| aseenbeam actapeepesed pSOCgB%\EQ sabt@'érgt%bqungpt he
wafer. U. S t ent 88_and Japanese Patent 2 plication Laid-Open
o, - 2001- 277455 et 4 S %%maa“‘gvaf%‘?r%nl?ﬁﬁwalm%d WREI-PBELRES a
pul sed | aserapyeam twstcompr 1 oii 6f nedi @t gy pAEihONFbP hhedi hickngssydibestion

of a wafer, ves the pul sed | aser, beam and the wafer reélative to each
ot her al ong aanr%i sseflbﬁo‘?pei“ﬁeaﬁf%ijg%%@%@ dNePmY) ki ek rdtatond eghon al ong the

di vi sion | i neodkpidee, iwhecied aie @os i%iﬂbwﬁq%hﬁ&é&@,s%ﬂéﬁe&tion of
the water, and then exerts an external force on the wafer to break the
waf er aﬁﬁng R‘#esﬁtjearsf?ﬁ REYH FRRglIe Pf P&sebng et yapneh nbheonpykpoece,

generate thehrdigf Q{é@ﬂép&{@i% i‘gbg.]&giéég.er medi ate portion in the

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 guartz
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.5. 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 te break the wafer along the division
line sufficiently precisely, it is necessary to provide a 10 relatively
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t he focus poin the pul sed | aser beam If the t hi ckness of the wafer

is reIat|velﬁnEEFBEleﬁ@rBPéFéonlﬂ“ ﬁ&ﬁe§héckéﬁéﬁldér?ctéﬁg pifmé heo

generat e thewdeber | oralédmn £aghoniglofadecessatyrt Nokogss o) brsak.  he
wafer sufficiently precisely. In an attenpt to so t he above-destri bed

probl ens, ZSHtEEesHééPFlé@tPéﬁaén@héraﬁﬁﬁgsaébngapaﬁeQeVEauentllne
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vafer. Howevep. LOEe PROCERATLANALPAEALHS hc8Llibb POl subligiently,
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



35 satisfactory, but poses the follow ng problenms to be sol ved:
.Deterioration at one of the two focus points, nore specifically, the focus
point at a shorter distance from pulsed |aser beam oscill ation neans,
inhibits application of the pulsed |aser beamto the other focus 5 point,
nore specifically, the focus point at a |longer distance fromthe pul sed

| aser beam oscillation nmeans, thereby Tn%ibiting the generation of desired

deterioratiog lSugUBr% of the Invention 10 It is a principal object of the
present inveRPTORT: tIRrFHTEA LI FovPRR &L Hovel tumdf 9oy avedn s ocessi ng
appar at us usiogeaspesetibealy, t BReProeasSpBInaPRRT 8t U, beingsgapaple of
generati ng d§ter|orft|ﬁn as desired, on_at |east two ?ocus poi nts
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displaced in the optical axis direction of the pul sed | aser beam
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result, a siummaipnofhehe @eventboati on at one of the focus points

i nhi bi tspnapplicati £ th | sed,l aser bea t he other , focus point can
be avoiggd. Thus, ?Eeggf%r %gﬁfﬁgﬁédOEBPFECPSA%BSbPééﬁeéén1B¥e§ﬁﬂﬁpmed. 30
That is, accohrefiefpte, the presedé innentlomndasmroPe@CEssEEs aRpar at us
using a Iasggzggﬁg%égr attaini 9 t he, above-nentioned, princi pal 0bject,
there is provided a b?%%%%s?ng 59paPaifis tRE Nt CE a3 LRI hRBRRL ARTE h
conprises . heddiggapanse fof Sehdr 89iag WeEKSE E6Lat 8O, | ASCHHEABY, 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



35 application neans for irradiating the workpiece, held by - 4 the

_hol ding neans, with a pul sed | aser beam capabl e of passing through the
wor kpi ece, thereby deteriorating the workpiece, the | aser beam application
means including pulsed |aser beamoscillation neans and 5
transmtting/focusing neans for transmtting and focusing the pul sed | aser
beam oscill ated by the pul sed | aser beam4oscillation neans, wherein the
transm tting/focusing neans focuses the pulsed |aser beam with a tinme

di fference pitB¢i Bedding aeansaswitio af pudsepoilassrdbsphacegabict e 10

optical axis,di [ h u l.aser am.. Preferabl .the
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poi nts adj aceneremithéngpfiocakingximeadisr €oti erahsmprefiagahhy wetusAmyl er

t han one puI?E daéathog of tge %ulsed aser gea but not | arger than a
tinme interval bePWesh suBe88sPT8Tparsed lafrefheYphhgeBudgefadasesekfam n a
preferred enbsdimﬁatiohhﬁeah@anﬁﬁbkbﬁﬂgkhecﬁ§hﬂgmﬁE€@ﬁgV@BEH@@%qamEBFFtt?r
for dividing t he gulﬁed Iiser bean1fron1the,gulsed_lase( beam “oscillation
means i nto a PFPEESpulCeBUI38Er 1BE8M BREMA WikRoAdtpURsEd ffgsencBeam a

plurality ofpabviaes, fes 36 abbgﬂi@QotE@cQBtb8§ht§XB§sPﬁaEQ8 $Gcend pul sed
| aser be%ﬂ; with the optical axis of the first pul se aser beam  “di aneter
changi ng YreafBt 671 cRAAGI AgTEREIANaREL EReoPubsed dasekebkamst pul sed | aser

beam and the secong pylsad1hasehe Q%%%%mﬂ%qi%g??ﬁ%%%&%@f5ﬁg&%élé%ﬁﬁﬁ?ﬁ engt h

Preferably, the 30 transm tting/focusing nea opti ca
i ncreasi ng neBfs128PTi Rep@asPnfhehéocepsi painpash bhehghpenf diehenot t he

first pU|Sedf£§ﬁe{th§H1§Qg tBe.5e600 BYLSedation means earlier than

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 is 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.



| aser beam The optical path length increasing nmeans preferably includes
.an optical fiber or a plurality of 35 mrrors. In the processing apparatus
using a | aser beam according to the present invention, a tine difference
is caused to exist in the focusing of the pul sed | 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 pul sed | aser beam
to the other focus point is avoided. Consequently, deterioration, as
desired, can be geR8r&hedpPapcassiagserpasatosusispoigntas 1 ab@ rBikiesin
Descri ption ; i N F LS. emati ¢ view showing a preferred
enbodi nent o?é%§{§%£%22?ngﬁ%p%g%géﬂg %gﬁéggﬁ% édaiﬁlmgcébfgéﬁgacﬁﬁfﬁ t he
present inveprk®gd 1 GxPstsiam ghaphoshewhggod theepdibéer enaserdveimng 15
focusi ng betwee figst. p aser beam and a second pulsed | aser beam
in the procé%giﬁﬁégﬁ%%régugégggF%%f ﬁ?cuilﬁfl%t?s Teemd | T ER Thowi ng
anot her énbodierentdeteni praciessi ognappocat &s 698ssf uehedfbBusageohfance
with the present inventifn. go FIG% 4 is a grgpﬂ?shomjng atine difference
during focusthg HrondPR HFREEOBuPSet? skt SBRahiSar sRedRdtpurBedothaser
beam and a fdius polsedis agesifeam idbhdtudioGeS At ARpaatys, ofs FIG 3.
25 Detail ed scription of the Preferred Enbodi nents Preferred enbodi nents
of a processtyEpfpar @@ usPhis?rEe s Fadepn betind €alt chwe sfeenst pagned- i n
accordance wth the present invention, will now be described in greater
detail by reference to the acconpanying drawings. 30 FIG 1 schematically
shows alérefﬁﬁ#%ﬁiQ@ﬁﬁﬁHR@h@n of BherbBeawingy apparatus constructed in
accordance with t present .i LOR g .rated_prQcessi,ng
appar at us conpriseggﬁélgigg ﬁegﬁge%h?gF hggai%éggaha & p@e%%rred
embodiment 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.



wor kpi ece 2, and | aser beam application neans indicated 35 entirely at the
.nuneral 6. The holding neans 4 is conposed of a holding nenber 8 forned,
for exanple, froma porous nmenber or having a plurality of suction holes
or grooves forned therein, and suction nmeans (not shown) annexed to the
hol di ng menber 8. 5 The hol ding neans 4 may be of a formin which the

wor kpi ece 2, for exanple, a wafer, is attfacted to the surface of the
hol di ng menber 8 by suction. The | aser beam application nmeans 6 incl udes
pul sed |aser beam iNqLinsh Mrans 40.s ampasasmft ta gl Yaious imgnb el

means 12 for gt kapgehlt t iFRg usi a_pul | aser beam osci,l | ated by
the pul sed | aser beanloscigggp‘g%'ngg%g f0§0§%%50PF§%FFyPIt%@Vdﬁﬁs@d | aser

beam osci | | aPi-BA2kbals ©f0suesdion AvdesaopubsedveasEbrheamthé rehingh agan pass

through thewprkpheg I h rkpiece 2 is a wafer _including 15 a
silicon subsirate, a g%ééhﬁﬁgksgﬁgﬁP t8Pn8X89|ESOHRECEPBF&QQsHS e&t & a
lithi um ttant 3hat boddbsgr meensadghagsbesulistr bem R @hguar thesubstrate, the

pul sed | aser - chl l ation_neans 10 can be advantageously formed from a
YVO4 pul sed V§§g§18§§iFra?%% FEIPYRe SuVégarPaééra§®r6§éﬁﬁl Poihhi ch
oscil | ates therpatsedfl| aber hbédimydmehdrirng Bywavektepgth of, for exanple,

1064 nm Wth refe&%nc to FLG_1, the transmtting/focusing neans 12 in
the |aser beam applT€atPSi mbeid GORs 1 Gatieny8eedshét vider udes mulsed | aser

beam osci | | alasarnpaas 35cifiandohhgewnskppec et g ' ans
4. The transnittif /focugingénegns TZ in thegPﬁlEg%ﬁgﬁgaEggﬁzgé?HE%Pge

i ncl udes % hAPFRF {fof C16CFARENibAILAG aBdafospFinger, pulaedr drs&8, baami rror
20, a half mbseoridPed ByadRLeHuCHEADLCIPAOSN 2850l 1POP M, DELUREN phe half
engPh |n8r% $i ng

30 mirror 16_and the halt mrror 22, and optical pa
means 26 di sPBRRHCREWEentRfiePHFREr lageanbeaheosnitiatian. mEhnsdlamet er

changi ng meapsc2M 48e608PP384e8f 1aser beam 14 which can pass through

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,



an expander having two convex | enses 28 and 30. The optical path length
.increasing neans 26 for increasing the 35 optical path between the mrror
18 and the mrror 20 by, for exanple, several neters can be conposed of an
optical fiber extending, for exanple, over several neters. Alternatively,
the optical path length increasing neans 26 can be conposed of a plurality
of mirrors instead of, or 5 in addition-t®,-the optical fiber. The
transmtting/focusing nmeans 12 further includes a focusing lens 32 for
focusi ng t hefpul sgdmbaser segamals melte risheaab bee codeposiche d fpraoc esgiing 1

appar at us, tgebﬁguls%d haser %ean114 oscillated fromthe pul sed | aser beam
10 oscil | ati 6n°fEang T8 8%es&r af&d™by “r h& VAl £ SV FPor ™6 55Fto two pul sed
| aser beans Adacandtifklynameleyopthesfl path pensed liasekebdam banshizeh
passes throu%h the half mrror. 16 _and_advan es,straightI%, %pd t he second
pul sed | aser ©@Belm EABPRIEEH Ofs 2r EiUgeded Yo Tt Ad IFEF Mt 6Iand®T15
changed i dineghHenibe acsubsiamiitalday geppendi ghkar direction. The first

pul sed | aser beam 14a passes through the dianmeter changing neans 24, and
thereby has FEENSHiimdrer TORRSGE Mesre dpedimitdgn ¢ NGlAdE FerlOsySitido a
formin whichehts 3¢ 2aRt eb@ladualdne ipMaeases ses a4 irst pul sed | aser
beam 14a goes farther fromthe diametéer changing neans 24. Then, the first
pul sed | aser beam 4a thmasahevetioighiRek HdeTHitbraPRarangs i stidcused by
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beam 14b which is reflected by the half mirror 16 and

15 c¢hanged 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, is 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 lda
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 1l4b 1is

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 14a. Then,

30 the second pulsed laser beam 14b is 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 l4a

35 and 1l4b, and the focus point 34a is located more remotely



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 pul sed
| aser beans 14a 35 and 14b, and the focus point 34a is |ocated nore
remotely 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, mhrcﬁl‘constltutes the di ameter
changi ng nmeans 24, .in éﬁe optical 5 axis direction, or by noving the convex
R T
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by, for exanple, several nmeters as conpared w th thé dptical p I"€ngt h
of the fitstPiPsBdreraden, beambyamovings theheosweandems 26d oraser ofeam 14b

15 arvives atnbhexbagus-pohntigindaten Lhan AupgLlt p tire, when the

first pulsed | aser _beam 14a reaches ocus 34a, by a time
required for the sd&orfdiepullslatstmsterd dmdadittintt,0 tias opviefal eatdmeased

optical path n LLn _FEl 2, 1.t is preferred that a tine
d?fferenge 25h§tg%g?&géﬁugggggéﬁﬁﬁri eFPnéﬂEwﬁéﬁgPﬁé fPr§P?pGP§§d | aser
beam 14a arrmgesoat 22hgihoche paildit m34acorand,atpei Atricdr tigMerpehen the

d 4b arri.ves at .the focus point 34b, is not
:ﬁglolnerﬁt Zﬁg{%lﬁgégﬁ gg%g]urltgpfgg OGEPEE WBa PR RNAL 26 e s ad aneser2heam

14a (or 14b)so2thbtt thet opaigal bhaR achiyfR bﬂtghgagegbngebwqggdsg%g%§sive
pul ses of th ul g L. aser bean1é4g (or. 14b), and that each pulse of the
gegﬁs ? oCdr

second pul se b&ant24bePse edOThBEABBACY e§pEEERIeMBUETES a8 t he
first pul sedctmperefieanthldBe GpEiexanphen h@hggﬁcﬁgﬁgh§ﬁ£QEE%tbﬂﬁsgﬁ the

pul sed 30 Iafggegegggml% a?anﬁﬁg,bEhg\séégﬁé”Lu sed laser beam 14b

15 arrives at the focus point 34b later than a point in time,
when the first pulsed laser beam 14a 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, it is preferred that a time difference

20 dt between the point in time, when the first pulsed laser
beam 1l4a 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 14a {or 14b),

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

30 laser beams 1l4a and 14b be At (seconds), and the
repetition frequency of the pulsed laser beams l4a and 14b
be W (Hz), and the difference between the optical path
length (L1) of the first pulsed laser beam 1l4a and the
optical path length (L2) of the second pulsed laser beam

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



repetition frequency of the pul sed | aser beans 14a and 14b be W (Hz), and
.the difference between the optical path Ilength (LI) of the first pul sed

| 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 c. (=3x10B nf second), the
above tine difference dt is (L2-LI)-,c. Thus, the second optical path
length L2 may be increased so as to sati8fy Atxc :~ (L2-LI) :E~
(I/WAt)xc. For exanple, if the pulse duration At is 10 ns, and the pul se
5 repetitiontysegoaddy Whies ab@¥ek H(iHe) ditfferentce sit riecomendable to

I ncrease the e p n - of h nd -pul sed | aser beam 14b by
about 3 m asngﬁﬁa?gjg g\%%?h%t% &pt |lc§at%a'?ﬁ§ﬁ%gc%gtqh2 Effyo%et HE Fi5°SE%ul sed
| aser beam $4aasl@oNsert itsfey fAtst pullskdllpser (boermdhac | s Focusethg e, the
focus point 34a,,deteri [ era in the kpi.ece 2, because of

Qration.is n d r
this focusing; Fﬁetﬁgl§Fc%HFF§18P %&hésfé®u§spoﬁﬁﬁ §$%,Hﬂ$iﬁ ly, in a
regi on havi ngepete t imndtfiredbehnoymit He floOusk peiznt, 34@nupwarié. When t he
second 15 pu r,.beam 14b is focused to.the focuys point 34b,
deterioratio%gggmégﬁg?gﬁgdtpnlpﬁgeﬁﬁﬁkﬁigcgp%lFﬁ Rat i%ﬁqﬁtﬁyléfcﬁhe f ocus
poi nt 34b, ushal bgcohd pulegkon askaybearsam® WydbkoW? f3r gmashehauedpoi nt
34b upward. |If hhg arrival ﬁf the first pulsed | aser beam 14a at the 20
focus poi nt %24 LRE PREIgAL Pathoflengdhsadord Fhies&d rotaper sesatesss at

t he focus pobekm34hzare substantially sinultaneous, there is a tendency
that the first pulsed |[|aser beam 14a focused to the focus point 34a is

adversel}P affect ed 1P (e St Rwsesh Jpafy aam atda hies f gbitn 25

34b, and t hetgeneratisoBo9htdeai, ediedet e bir@halhon o lClipl Ly Of the
focus point 34a_is inh?gited. ESsuﬁé, b?r contpagtgéﬁggﬁtﬁﬁel%i%éf pul sed
| aser beam 1¥8TKBiPEEusedPerausive ffokhid spdiosus3ag, t dnstaet vilse ngéyerdt i on

of deterioragh@nebBulngolhel AlskY Qfsubeyf OGHUS 2PRLAY 3435 v3RY some

width W1 from the focus point 34a upward. When the second

15 pulsed laser beam 14b is focused to the focus point 34b,
deterioration is 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. 1If
the arrival of the first pulsed laser beam 14a at the

20 focus point 34a, and the arrival of the second pulsed
laser beam 14b 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 l4a 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 l4a to the focus

35 point 34a is inhibited by the generation of deterioration



30 then, with a time difference provided, the second pul sed |aser 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 | 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 <fotls-point 34b is fully avoided,
and desired deterioration can be generated in the vicinity of the focus
poi nt 34a andy nhehesadaidinyl ofd t hesdndusamol 41t Bdbchd Thel mboy es frertte oned

deterioration in the .warkpjece 2 curs. a | . and resolidification
(nanely, nel [fiorglgus Oel\r,{\&t gd alsserflbgfahfrsa‘i%a&ea% all}fgqﬁseljfeo used, and
sol i dificati aetafrtierrathieord acrsilg @ind e ¢dil Sedhasercimeaysofldehand 14b i s

conpl et ed), d _appears voids or 10 cracks,, although this is_dependent
on the matter%c %rpqlﬁbt aﬁiﬁ’ k?)r?‘icjenz, Sr ViR Y e iFgeo%oFHﬁ BﬁFEEdg?Qser
beans 148 arftheldbdvasusad idden ddestipsedit heammapiié oattionied@ans 6 and
the hol ding neans 4 are relatively noved along the divisjon |ine,
extending, fACEEMRD MG e ?I?%h%esl%‘l 1AL r TSl i MEETS, two

deteriorati ORHAS tHHANS] a £ONtHSUIRYIS] ¥a el @MU 28 Ofe-tideg di yh@ion [ine with
a wdth W and a wwdth W (if the spots of the |aser beans 14a and 14b at

the focus poifftis B4 Gd-FuRL ek Sptsocheing ofj dremuisednbaseT ati ve

movenent di reeddan, 1 QVeId @R A9 Parddmpl MHegQl IMDYaplsd £F4 04 8t4 QMg POELT ONs
| ocated with spacing along the division [ine with the wdth WL and t he

wi dth W1Qif areckipotal Bioudhe thseripedsmendentamn 14ie siatenba} ofes e nt s

34a and 34b, : ei 'a%@gé ' t ' tydirection,
are | ocated vﬁ%@%ﬁsnﬁ) d}g tgrgéé or nrrla%f?% ﬁe{%ﬁﬁ/ﬁ%@‘)%%@g %%%I{é% her e,
accordi ng tol4sherfd rkib efpodsednt Wien Héiepriesess begmagraridtast iagonst ruct ed
In accordancqnélgﬁg‘n érb%l&r‘&?ee%oi@:yﬁgtlhggnstpeare relatively moved along

the division line extending, for example, in the right-
15 and-left direction in FIG. 1, two deteriocration 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 l4a 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 W1 and the width W2
can be simultanecusly 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



deterioration portions of the width WL and the width W2 can be
~sinmultaneously fornmed, as desired, by the single 30 | aser 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 divisionlline, the - 11 follow ng
procedure is recommendabl e: The | aser beam application means 6 and the
hol di ng neand o4 lgmd ngprs@caching iie taraacndttier: ofee aapeedekamm ned

di stance in QRIHGRl Ry i r i I i.n _the up-and-down 5
direction i nayrbgl.l, l\/\hereb)ll_ﬁst ﬁge %g%utg{épol{b%@ A& ENE f4§0reaf[éovcﬁ({\gl aced in
the optical &filétdiieedtd eechactdradi mgter, a iprddes erniiclene sl diarest ijan of t he
wor kpi ece 2. (fpur | WY | r appl.ication ns 6 and the holding
means 4 are nove 6lcreaalt iré\%elssgﬁerae%ﬁaio ernaglegﬁ’g tll’?g% S99 10 1 n

t hi s manner, digegddion dm tFdQ.hed ,afwirearednyt itdred ochoy matiins af4d hewvgoriens ous

deterioratio ort.i ot teriqrati,on_portj.ons continuously extending
al ong the d%&%ﬁﬁéﬁ%ﬁ%ﬁgdaﬁthﬁﬁé (ﬁﬁQ?%NP%%ﬁjiﬂﬁ?QH%ﬂHT\ﬁECQﬁggﬁg%Y'
deteri orati oinpaihtei ahs dkmeatsediiwiedt iSpRGME Hal e Kdieckd i ViFrsir@Reli ne with
the width Vﬂt%%dlthe width W2 are fornmed in the workpiece 2 at sites

di spl aced i n e L 3HiFc RTESS a&iﬁé&qtdﬁrbfmecaﬁé Vordgst &b 1o ligg pedisind

anot her enbodireemoveld aeb@ERsSitY eaARPRITHIS 2QRRY e @d vik iRfCardance
with the @reiem;a 20 invention. The processi n%ﬁgppar atus illustrated in FIG
3 conpri$es Roltbitig RELRS 1164 RGN ¢ &Nforsitementdrrednd | aser beam

appl i cation feanatl@s oFhenkoldaig Smantet k04 MY be fr it Samk; o
configurati O%S:as t.hat of the holding neans 4 in the enbodinent illustrated

in FIG 1. 58" oralernpamtdpis cantomumsdy sedenginge along the
division line with the width W1 and the width W2, or many

deterioration portions located with spacing along the

15 division line with the width W1 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
cscillation 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



enbodi mrent shown in FIG 3 includes pul sed | aser beam oscillation neans
110, and transmtting/focusing neans 112 for transmtting and focusing a
"pul sed | aser beam 114 oscillated by the pul sed | aser beam oscillation
means 110. 30 The pul sed | aser beamoscillation nmeans 110 may be
substantially the same as the pul sed | aser beam oscillation neans 10 shown
in FIG 1. The transmtting/focusing mearis 112 in the enbodi nent
illustrated in FIG 3 includes a half mrror 116 35 functioning as a first
splitter, a Hanctgondsg BE7 & skzorfdimgtliiorieny as md reecond &pld tierrora

mrror 118, g o] i rrQr. 12 m rror 1,, a half..mrror 2, a
hal f nirrorqug,af%Pgﬁ% ié%gggﬁ cJé%ﬁghéeﬁéaﬁ%?fﬂi?ngéggﬁﬂ1jﬁg;ﬁb359%2
changi ng neams r12%, 123, stfiost chHlanesater Ice)ragtgfirﬁzg im’ea(arréﬁasﬂzng r&m?adl%,
second opti ca|. I th._increasi means 7, .and .a conmmon focusing

| ens 132I.o Egéﬁ&%%gtrhg% inlgg‘tngdir%r?é’tse:l%éﬂia%rﬁé eSS thsecond

di amet er Thadgicrgartags nk2hsmay e sudsiariptaldayl date Samyt@as the dianeter
changi ng nmeans 24 shown in Flg%ﬁl’ 10, and each of the first optical path

| engt h i ncr edSFR§3NeLHs MCES 't REYs Ec SRRt ifeaUSIdh YedrfgtlP A -ner easi ng

nmeans 127 mawucheo@f thebstiantt ailanelthe T3 GoR\ k@dnatl 1o a5,d hale of the
optical path Ienghh I.ncreasing neans 26 shown in FIG 1. (However, as wll

be further m8RCPHfleGPRREET PES NGO ITEEAIS Bath RN Geh SURstéaded 1By t he
first opticakhpakhmel @ROthd RorpRMIW aﬂ%ﬂggﬁ%ﬂdﬁ%mr{ cal path
P

| ength jncreased by the second optical ength increasing neans 127
need to He driflfﬂefeéﬁill By &heedditisdd dréigeR. pach dieagsmbddioneas igigoweans FI G
3, the pul sedzkasen +3Q Reamnllsforomt ?)%tgu'l%% . ai%é%%%‘?n%?d ldation
nmeans 110 is separated into a first pufsed ['aser béam a i'C passes

t hr ough t he Ral’f Mgiyr ber of16ulsd aadviadde's tier siagiet lopn £ ignd s isec @rsd thaltsed

laser beam 144Dy 6Rti%aNeH84 84 h increasing 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 opticai 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 11l4a 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 directicon to a
25 substantially perpendicular direction. The first pulsed
laser beam 1l4a passes through the half mirror 117, and
advances. During this motion, a third pulsed laser beam
1ll4c, which is reflected by the half mirror 117
substantially perpendicularly, is separated from the first
30  laser beam l1i4a. The first pulsed laser beam l114a 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 ll4a goes farther from the

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



the half mirror 116 and changed in direction to a 25 substantially
.perpendi cul ar direction. The first pulsed |aser beam l114a passes through
the half mrror 117, and advances. During this notion, a third pul sed

| aser beam 114c, which is reflected by the half mrror 117 substantially
perpendicularly, is separated fromthe ji£§t 30 | aser beam 114a. The first
pul sed | aser beam 114a passes through the’draneter changi ng neans 124, and

t hereby has i t er. changed re specjfically, is converted into a
formin whi ct?%%lsdld@a%ﬁges?s ot a%ﬂ:%%%iﬁ&? géasjleé T % ¥4 sandulsdd ander
beam 114a goess ffarduserd fomHider @oush egret s chemnai it Bsnss 124 ndhesy 4 t he

first pul sed -Ina%ehre- Q@( beam 114a ?‘Isses t hrough the half mrrors 122 and
123, and is Tocused BYyRhe o 1n§ Ce&cPys PYlsedodasegoimamdddb in the

wor kpi ece 102Ls Trwef lsertondl tpul sl hasesr bepan dlfth nd sniefd ect el hy ghe
mrror 118 anqjﬁtheégi.rro . 119 to be 5 changed in direction to a
subst ant i &l | ' FEE5Ehdit e SR PectS ch SHOSHRH kalie, Rerpendicpbases

through the diiramstien changidy fwans aﬂrﬁﬁytﬁé}?rﬁéysé?vﬂ%déﬁvﬁ{@mt er
changed, nore specifically, being converted into a formin Ichits
di aneter gr adﬂ&am%%@ﬁ@é@él%gn%w second-erghu dey ing et Hedimneir goes

farther fromdne@danmedsale éﬁE%EETEhl NS, L . d ed
| aser beam 114b g;@s. ref| ectéd by lt hemﬁgl f e]mj'%‘r%r ocphi%géégleblﬁcﬁa%ng%&lr?nm
direction t o Y¥&iStpdftantGiamsr gergraialllari rdirestdasoms dite secdrver eby
brought ipt o pa1steat @ Mher &.d4ms LRk | 4 I hythe optical axis
of the first p%ul sed Iaaser beam 114%ﬁ§$ﬁfsf§%%rﬁ&mpeuI%leadnqtaegrer beam
114b is foc§Se@IyPa Feansecdsithg Thes, 18Rst segohdcpelperdnilasa4bbieam t he

150 e R Hle B RS S3EL AR S0 LSRG
to a subst antigeIc) 1 ogetiserdissustrandiraddltyi gre rte nekiciu e e i et dian t hereby

is thereby brought inte a state where its optical axis

15 aligns with the optical axis of the first pulsed laser
beam 1l4a. 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 1ldc 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 11l4c 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 1l4a, the second pulsed laser beam 114b,

30 and the third pulsed laser beam 1l4c. 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 required time
difference dtl than the first pulsed laser beam 1ida being

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



brought into a state where its optical axis aligns with the optical axis
of the first laser beam 114a. Then, the third pulsed | aser beam 114c
"passes through the half 25 mirror 123, and is focused by the focusing Iens
132 to a focus point 134c in the workpi ece 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 |aserlbdeam 114a, the second pul sed
| aser beam 114b, 33- nd the third pul sed | aser beam 114c. In addition, the
T e

second pul se AASEESD PJoredh tHrowseante dotristal qqaﬁtcale;rpy%rgb| lentgt P
[ [ ] ekbdf, irss t fs t (o] I.n ate
by B required tine e JEL RN R0k, BRI skt

by a required time difference dtl than the f t -~
bei ng 35 focd¥edh d ¥ d@k ibintreBya edrie nehidic fmdezett |dt<®ertharild beam

. ) : 07
114c passes tdyeougleddie racend jontd cale AN denalh o increasing neans 127,
and ig th rel:;fy f ocused tpgﬁt he focus pem nt f&gj%llé)tgerpwsae#g%h% tinme

differencg diiPsa PO ite 1ddondAgulsbernl aseFIBeam, 1thbskeitagef ocused to the

5 focus poi nty; S in E ti di fferences dtl and dt2
are pref gr abPl]f;f;é:%grrlrggg ?t.}c ajt atdt% ﬁéef &)&get%eeﬁ&lbgg’d FHSHI e s A &tocused
to the focusthgoifitrst3pal selte lserondgan ddda dsendeenmol M4 frRgused to  the

focus point th hi ul sed | r beam 114¢ 10 focused to the
f ocus Boi nt %%%@taggqgéqggtﬁt |S;e1q-10314 c%ﬂssggsiﬁisteﬁo&tea&%%ﬁor@%ﬁ%t her
in terms of tihwe fokmst pelpm?d@smdn_@rmtoﬁ;&rea&;hagﬁg?gllslgg Egl?er?gc?&n} élduci ]
deterioratio rtio rnmed in . ,
the vi ci%(?ty%(c)#gtstﬁg ?.c%)cgil%pg%rﬁusg f?&é’.,t i@% fgeaﬁ&qf§£’(¥zlat}§dalﬂc}guﬁeﬁt )
regi ons havi Wgtbome wivet-iiapb,i ngoma chvicthle & nand re@n®e icdida V8 ror‘ e
focus points 134a, After the first pul sed |aser

134b and 134c, upwar ds. )
beam 114a is focusIéjd%?lc{)Ej tHETTEUS P ARRAIESHE SR TseldorfkE ulBed | aser
beam 114b i sdkbensedataohhpchecusspairet £b3M8d TAUShe workpiece 102, as

required, in the vicinity of the focus points 134a, 134b
15 and 134c, usually, in regions having some width W1, some
width W2 and some width W3 from the focus points 134a,
134b and 134c upwards. After the first pulsed laser beam
1l4a 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
1l4a. After the second pulsed laser beam 114b is focused
to the focus point 134b, the third pulsed laser beam 114c
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 Wl, the



20 the deterioration in the region having the width W2 does not inhibit
_the focusing of the first pulsed | aser beam 114a. After the second pul sed
| aser beam 114b is focused to the focus point 134b, the third pul sed | aser
beam 114c is focused to the focus point 134c. Thus, the 25 deterioration
in the region having the width WB does not inhibit the focusing of the
second pul sed | aser beam 114b. Thus, t re IPecrui red deterioration can be
generated in the respective regions having the widths W, W2 and WB. Wen
the | aser beaWﬂQEBIW@a?ﬂ@ntﬁﬁawédi@GW&néfﬁhéOh@bdlmg mhany03&pl@¢eaﬂ®2

rel atively noved o] | 0 xt.en g r in.the
ri ght - and- IefF%dFﬁgc??g%Q?ﬁga% B %OIE %ng égtgb?opé F%n drt ? idth
conti nuously Bxt@andi hjearwadgh Wﬁea@ﬁvngsuﬁfhcmenMAtb ﬁh61WEdthew1 t he

wi dth W2 and h n eriorati rtion cated with 35
spaci ng along&gge ghg%sﬁgg ?qu%|¥ﬁq?& greﬁﬁﬁegl g?ﬁgg t%? ¢t e and
the wi dth 38 aisefothedfphlokéngopkpicedar202s rkbomhendaberi:or ahéOhaser

o divi de 1 hebCaty RBPazson s BFIe: ) 97 LOFsBPy andnBohe abi: &Fen 5

line, the fOlhOMEdgrﬁﬁatedHrEOI&abﬁCGHHEBdabe aTheehasermibeamdapphineat i on
means 106 and.thghho dtgga ggﬁé 34 are. noved relative to each ot her over

a predeternined di'st 3R BEFEERCBxi 828R ¥ct £ Bn EhRaRBr RN RoMRe

up- and-down direction in FIG. 3, whereby the Feeus peknts 134a, 134p 10
ax]s direction, accordlngly, in the

and 134c ye dlapiﬁged in the E tlcal
thlcknesg‘dlrag 6f 2 fieShdP ngéelnléEe PRELREE, 2khE Pasertbeam
application n&aﬁSrdDﬁgaﬁd lhhﬁhbokﬂh&ﬁngﬁgnﬁligétibﬁ B?V%ﬁerﬁbékglcho each

ot her al ong ivision line. In this manner, in addition to 1
af orenent i oneﬁjgfo n%ﬁ‘b}he’b'f ’51‘1% 17 307 RRAMeARR | 72l i Oh MpRne i RS, andr e

deteri orati ontper kbPASnEOMEEAYOUBLY a reXkeRdiNgeahenget be dhkhsbeReki ne with
the width W, the
along the division line. 1In 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 Wl, the width W2 and the width W3 are formed in the
workpiece 102 at sites displaced in the thickness

direction of the workpiece 102.



wrdth W2 and the width WB, or many deterioration portions |ocated with
_spacing along the division line wwth the 20 wwdth W, the width W and the
width WB are fornmed in the workpiece 102 at sites displaced in the
thickness direction of the workpiece 102. - 16 Wat we claimis: 1. A
processi ng apparatus using a | aser beam which conprises hol ding nmeans for
hol di ng a wor kpi ece, and | aser 5 beam applfcation neans for irradiating

sai d workpiece, . held by sajd holding neans, with a pul sed | aser beam
capabl e of p%&é‘ﬁ-ﬁﬁ%@%d wor kpi ece, thereby deteriorating said
wor kpi ece, said | aser beam application neans including pulsed | aser beam
oscillation ans and 10 transm tting/focusing neans for transmtting and

focusi ng the pul setl PEeEFSHeRm BBERFRANEJUBYNSakdlpaksebebmsewhbehm
oscillation ;1 ade el e S s# ity f i focu t he
MRAM 1 SMK 57 dnd 420580 £ HMlﬁﬁd‘?‘gﬁ’g@%é% angﬁ%sr?%

pul sed |aser beam with a tine difference pro ast
f ocus poi At s R |aRRd Gat ian opranal fexisrriditing odid ther kol sed, | aser

beam 2. The H¥1QCessidig ARRA A Iﬁ%&j;{!sg l.ase Q%g% cording to claimil,
wherein said tran?ﬁn"stti ng/fo_cuslerlig rr‘eg'ﬁls ogc S€ES %??%%rerb dam to the
focus point &apablieomferad sinm s fowrh swid pubskrt d@sert hessbwsci | | ati on
means earl i ergdhan 418 f oI . &.shorter distance from said pul sed
| aser beam oscillation l@;ns.l@%%egcep’r oscaelsiilnagsearpg%‘?ao{? P ?th]acprf aser
beam accor dimeginso igldivding wherssd ldwett ibemndidderenoe aumdaghs facusi ng
bet ween ef | | acent in the optical axis direction is, not
smal | er %Eanqﬁﬁﬁﬁﬂ%sﬁyﬁﬁﬁﬁﬁéﬁﬁ%%% N354E 3%§EQQﬁﬂ%tqﬁﬂﬂna?ﬁnfbﬁﬁs4%ﬁger
than a tine itieeprdlsedD lzstare dre v cemsisi Met il li8e s 0fd thel 4ul sedsd asaraheam
4. The procesying 13RA: rnatmuesanussi nvgleareliar;ser beam
said transmitting/focusing means focuses the pulsed
laser beam, with a time difference provided, to at least
15 two focus points displaced in an optical axis direction of

the pulsed laser beam.

2. The processing apparatus using a laser beam
according to claim 1, wherein said transmitting/focusing
20 means focuses the laser beam to the focus point at a
longer distance from said pulsed laser beam oscillation
means earlier than the focus point at a shorter distance

from said pulsed laser beam oscillation means.

25 3. The processing apparatus using a laser beam
according to claim 2, wherein the time difference during
focusing between the focus points adjacent in the optical
axis direction is not smaller than one pulse duration of
the pulsed laser beam, but not larger than a time interval

30 between successive pulses of the pulsed laser beam.

4. The processing apparatus using a laser beam
according to claim 1, wherein said transmitting/focusing
means includes a splitter for dividing the pulsed laser

35 beam from said pulsed laser beam oscillation means into a



aeccording to claiml1, wherein said transmtting/focusing neans includes a
.splitter for dividing the pulsed |aser 35 beamfrom said pul sed | aser beam
oscillation neans into a - 17 first pulsed | aser beam and a second pul sed
| aser beam a plurality of mrrors for aligning an optical axis of said
second pul sed | aser beamwith an optical axis of said first pul sed | aser
beam di anmeter changing neans for 5 changlihg-a di aneter of one of said
first pulsed | aser beam and said second pul sed | aser beam and a common
focusing |erfSiTSE: PrHeS§s obaset nepappardtassesemy pul sseérlasam déamecar di ng
to claimd4, I et t / 4 means. 1 ncl udes tica path
length i ncre\éﬁgﬁ{]lgdlge%ﬁs&% rﬁ?f]?(g%:ér e%cgl?n%f)la r[ﬁ? C%IO%%J(%afe%Jf% %]? Cli

said first pRAEXEE Ikisleedebnsendosan dvsecard qot sedl | ases bPagaid5 6. The
processing a beam  accordi to claim5, wherein said
optical pat h%g‘% #ﬁl H%cd:gla%%\gsgnéeaa%s an ‘ﬁhaqr&ﬁfﬂ%dile?rﬂ%e‘?or 7. The
processi ng appeaTationgg lmldngameﬁaseasf b@&md&@ SLODr T Nk tPu Cdedd M Dse MBI H N

sai d optical t ans includes a plurality of mrrors.
P a[?'neg r.:'5&11‘%{'95ec:on crl.'glas sbeam, cf a c?ommon fglcuSJ.ng
lens.
5. The processing apparatus using a laser beam

10 according to claim 4, wherein said transmitting/focusing
means includes optical path length increasing means for
increasing an optical path length of one of said first

pulsed laser beam and said second pulsed laser beam.

15 6. The processing apparatus using a laser beam
according to claim 5, wherein said optical path length

increasing means includes an optical fiber.

7. The processing apparatus using a laser beam
20 according to claim 5, wherein said optical path length

increasing means includes a plurality of mirrors.



