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LASER PROCESSI NG APPARATUS AND METHOD USI NG BEAM SPLIT
TECHNI CALFI ELD The present invention relates to a

WO 2®e01430Dcessi ng appar at us and net hod, and NOPET/KR2008/002531
particularly, to a |aser processing apparatus and
met hod that are capable of effectively renoving a
lowk material that is formed on a wafer. RELATEDART
In general, in a process of manufacturing a
sem conductor elenent, a lowk material is used for
pattern formation and insul ati on. However, since the
low-k material has high viscosity, when a wafer is

pro i.cal ' n

or o ASER s MR BA EASR TP R ETHER N g

the saw to be worn and decreasing a processing speed.

When the lowk material is processed, a lunp of |owk

materi al _may be renoved and a processing surface
TEQRISMSTTHLDT . The 1 owk naterial in a regi on ot her

than a renoval subject region is also renoved, whjc

waihe sesed daYanten jelatgsfo o dggr E@%Wf\ﬁ@d ﬁP‘?%?de gpd more

a rret hod_has been studied in which the | terial
particaarlyi &5 & e ProSPSSPE PRIRSS PG Sheipd dhat ageéiap%g reggcuvely removing a

rocessing a wafer. At the tine of general [|aser
OW% mesbeiakthat i, Olff}‘?é%?%@ési ng is perforned with a narrow

cutting width, but at the time of renoving the | owk

material, the processing needs to be perfornmed with a

mai n cuttlng wi dt h needed to actually renpve the | ow k
REIAekE) AR, for exanple, a cutting width that is wider

than a width of nechanical sawing. As a |aser

pr od@gemagumirmwoﬁh@nufmngeém@rgig@m@nmbai%bv@teﬂahsused

the lowk material, there is a nethod in which the

* for Hatiem Formaticerand nsilatione nHowevenisinbe the low kymatspid thasshigle vistosiyowhen a

nm or nore using a
wafer is processed by a mechanical method in a subsequent process, the low-k material adberes to a

saw, causing the saw‘to be worn and decreasing a processing speed. When the low-k material is
processed, a lump of low-k material may be removed and a processing surface becomes dull.  The
low-k material in a region other than a removal subject region is also removed, which lowers
productivity.

In order to prevent this problem, a method has been studied in which the low-k material is
preferentially removed using a laser befofe processing a wafer. At the time of general laser
processing, the processing is performed with a narrow cutting width, but at the ﬁme bf removing the
low-k material, the processing needs to be performed with a main cutting width needed to actually
remove the low-k material, for example, a cutting width that is wider than a width of mechanical
sawing.

As alaser processing method that has been suggested to remove the low-k material, there is
a method in which the low-k material is removed with a large spot size of 60 pm or more using a

laser that has a wavelength range equal to or wider than an infrared wavelength range. - According to
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| aser that has a wavel ength range equal to or w der
than an infrared wavel ength range. According tothis
woreioboti3o0an opti cal system can be easily confipur/E#2@8602531
the nethod can be easily inplenented. Further, since
out put power of the |aser that has a wavel ength range
equal to or wder than the ultraviolet wavel ength
range is high as 100 Wor nore, processing power can
be flexibly applied. The spot size at the tine of
| aser processing is determ ned by the foll ow ng
Equation 1. [Equation 1] In Equation 1, | indicates a A
_wavelength of a laser, F indicates a focal distance, of
this gethgh@a AR CAlFY e san by sepilpconiigined anskihe methed fiap be gagilygmplgmented.
| aser beamthat is incjdent on the condensing lens. M,
as durthes snce oypptarwer Rfitedasssthat has 2 wovelgngth rngg equabie Pxjvider than
is defined by Mrjwz q)m@z /zl. In this case, Wz). .
the yliraiialettexclengihaangeiigh asd PP &Y ot mere) pecsssing @ayyer can be flexibly applied.
propagat es, and w(zq) indicates a m ni numval ue of the
Thetspei sizew ithettinteref lgsan progdssing is geterminedrby hedolionvang Havatianilght
propagates, but a | aser beamhas linearity that does
not diffuse even when the | aser beam propagates. EQ
t he above expression that definesM2, M2 is derived by
i nf i[Rquatidryl]lappr oxi mati ng z and may have a val ue of
about 1.0 or a value of 30 or nore, that is, various
val SpstsiZEler #ERFOMWhen t he wavel ength is | engt hened,
the value of Mincreases. A |laser that can achieve a
‘smallh Bgaktion IpfAMnidsatesoasiateemath b adasee ¥pededtoea focal distance of a
equi pnent havi ng excell ent beam quality. As can be
condeesing enspmdmyjindivatesthelapettive ofeeaset agitint mincidaat oh deepndensing lens.
the focal distance of the condensing | ens determ ne
t he Mbat ifatorpfwhidhe idixstes dqoalityn of Theladeo dabmgdiis tdefired of M> =
t he condensi ng | ens may change dependi ng on an
[Tweayw(erant Indids¢agds) wdiintioars a bandwaist afidr tHedasad beath ptopaaes, and w(z0)
that is capable of protecting the condensing | ens from
indi&@ds Agnifiebavaliealf €@ badm taBt. t iBenefal, fipla cefisésvgheh $hedigbtiropagates,
20 mm In the case of nmmssively produced products, the
but & G beghh Shalzaritd fthat Hees ondidusi even vbasthb éserrbeam propagates. In the
different according to a wavel ength range of the
abo%e(é;a(s)(pﬂéssidﬁlﬂﬁat tdfmed 0E AL i6 datvad beinifisitdynapproxangiag @ tindbiayt Ikwve a value
of about 1.0 or a value of 30 or more, that is, various values. Therefore, when the wavelength is

lengthened, the value of M increases. A laser that can achieve a small value of M i considered to
be expensive equipment having excellent beam quality.

As can be seen from Equation 1, the wavelength of the laser and the focal distance of the
condensing lens determine the spot size of the laser beam. The focal distance of the condensing lens
may change depending on an equipment design. However, a minimal focal distance that is capable
of protecting the condensing lens from being contaminated at th¢ time of processing is about 20 mm.
In the case of massively produced products, the focal distance of the condensing lens becomes
different according to a wavelength range of the laser, but the focal distance is in a range of 50 to 300

mm. The spot size of the laser beam that has é wavelength longer than the infrared wavelength is in
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mm The spot size of the |aser beamthat has a

wavel ength | onger than the infrared wavel ength is ina
WO 2009014307 approxi mately 1 to 10 mmin theory. ACEKRRp@S/002531

size of the |laser beamthat has the ultraviol et

wavel ength or visible ray wavel ength is approxi mately

several hundred nanoneters. If the value of the spot

size is substituted for Equation 1, it can be known

that the m niml spot size increases when the

wavel ength is |l engthened. A CO |laser that is used to

renove the lowk material or a pattern |ayer nay have

a spot size of 50 mmin theory and atheoretical lim:t

a rapgq ofeanprxireaily ilsto i9pnmin weeost y The spot gizenef the) leser eamy thgt has the

_ diagramillustrating a problemthat occurs at the tine
lﬂﬁ'QYfOlq%

& Vsl 1oy iveevelengtl is gpprergmatelpepvera sandredmanometers.  If
shown in FIG 1, when the lowk material is renoved )
the vehieref thenspolGire i subsiituted {for digratign 1s B epn bknowa that theaniginpg spot size
edge A becones dull due to nelting. Wen the CO2
incr¢asesavhen thia waieléngth islengthenedngt h | onger than a visible
ray wavel ength, is incident on silicon used as a main-
mat ek C8k lasérahat fisorsed toaremere the leoule materig b ¢ patterrelayemay have a spot
absorption rate is approximtely zero. As a result,
size b3} uro in théogy dndsidireotsticalmil valnotherpoficappoxintatelysiti4 Ham.
but damages a transfer device. The |owk material has
nmecHd@i t & 4 dpgroallusmtogger pioblsmdbitfoecien bt the ome tof oceovifg a low-k
formation materials of the wafer substrate, for
materahuspiga, CBilgsertGe, and GaAs. Thus, the lowk materia
may show a different reaction according to a
wav elsashaprhin FG He svhersthe low-lamateridl soansied gsipptha€64 eser,df can be seen
the laser, and this difference may cause the
that de pietdssinged@nAl becbines pilbdes $o ngltigal Whyn (RcCOg dastrglwhich has a
in the case where the lowk material is renoved using
wavelehgils phgdd @@iina visibld 1a¢ walvelehgt, isviadidsnt @ sikicomiusidfas @fmain material that
processing portion changes, a condensing |l ens and an
fornsjal semzbnduytet sitsteteoa absdvptictivate geabprovimatdly 2e80.  As a result, most of the
i nconveni ent- for a user. As such, even though the
lasereirhodb vdprobssethe Siticodl) telddinmaged u tedasfeddevicow K material is
renoved
The low-k material has mechanical/optical properties different from those of formation

materials of the wafer substrate, for example, Si, Ge, and GaAs. Thus, the low-k material may show
a different reaction according to a wavelength, a beam size, and processing parameter of the laser, and
this difference may cause the deterioration in‘the processing quality.

Accordingly, in the case where the low-k material is removed using a laser beam, if the
kind of wafer or a width of a processing portion changes, a condensing lens and an optical system -
should be changed, which is inconveniLnt for a user.

As such, even though the method has been studied in which the low-k material is removed
by laser processing, the above-described problems cannot be resolved. Accordingly, another
method is being studied in which the low-k material is removed using mechanical processing.

As a result, the fact that, if a processing width is reduced and mechanical processing is
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by | aser processing, the above-described problens

cannot be resolved. Accordingly, another nethod is
wheinglsvudi ed i n which the lowk material s PEMER2@S/002531

usi ng nmechani cal processing. As a result, the fact

that, if a processing width is reduced and nechani ca

processing isperforned, it is possible to effectively

renove the lowk material was discovered. In this

case, however, when a width of a mechanical saw for

processi ng substrate material such as silicon that is

the nmain portion of the processing material, that is,

a mﬁdih of pro e35|n ortion is |ar. chani ca )
perfoyinsdels r do Ptch gw@a{%}& il TRETE S SHSCpYerRs iﬂ this case,
mhlch decr S the processi ng speed. Therefore .
howgysrehes mﬁﬁ%@? ArEteRbAcALSaY Jor RIpqessing; sy Mmﬂw@wﬁ n that is
I NVENTI.ON The invention has been finalized in order tq
the gginy portigne of BisviEogasig mpistalpthabiseAgvidia of et RIOPESEINS dBtigR tis large,
of the invention is to provide a |aser processing
mechgtisgl proegssingriiowle bavsprated p nbyrabieypitimes, which decpgases Fegimgessing speed.
of a lowk material in a renoval subject region are
r ermohhergforsy the corzespanding aethed isreetiertive. of processing a
wafer on which the lowk material is fornmed and then
the remaining owk nmateri al between the edges is
renmoved, thereby inproving processing efficiency of a
SUMMZRE OF Akli RVENEEORi cal obj ect of the invention is
to provide a | aser processing apparatus and nethod
usi rige beantiaphast beem finilized ire dgerstoofolva thowbdve descabddaproblems. A
a renoval subject region are primarily renoved by a
techhigal @bjetted thedventian i taprovifle plasa eseessing apmedtusrand methiod abing beam
the lowk material is formed while the remaining | owKk
splitimwbich adgeb ef alewrk whieria irgeeniosal sejey @giob yreacthersd by ladasen beam at
t hereby i nproving processing efficiency of a subject :
the tamndofi pr@essingiangafa oprvdiegbé log-lspetedhl isfemedfand Bt the remaining low-k
anot her technical object of the invention is to
matgriabhetveben theledges is rpnoed dxirehy iapoeing prosessimrkiadnap df d sabject.
which a | aser beamis split into four |aser beans at
t he Anotier eéhnimabatgeas ofi the anweaticer is o prokiide b lasbreprbassig apparatus and
material is formed and the |lowk material of edges of
metldusing bexin splitih @tbicheé@s ofa latv-Komhtbriab indamoval subject region are primarily

removed by a laser beam at the time of processing a wafer on which the low-k material 1s formed
while the remaining low-k material between the edges is removed by a laser beam, thereby
irnproving processing efficiency of a subject and increasing a processing speed thereof.

Still another technical object of the invention is to provide a laser processing apparatus and

| method in which a laser beam is split into four laser beams at the time of processing a wafer on which

the low-k material is formed and the low-k material of edges of a removal subject region at both sides
and the low-k material between the edges are simultaneously removed, thereby minimizing resistance

applied by the low-k material during a subsequent process.
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and the lowk material between the edges are
si mul taneously renoved, thereby mnimzing resistance
wappbiegoby the | owk material during a subsegeernKr2008/002531
process. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a
diagramillustrating a problemthat occurs when
renmoving a lowk material using a COlaser. FIG 2 is
a diagramillustrating a structure of a | aser
processi ng apparatus according to a first enbodi nent
of the invention. FIGS. 3A and 3B are di agrans
il ustrati ng the principle of splitting a | aser beam
in_an |caI stemthat is applied to the invention.
BRIEF@ES§J TIQN@E RRGWINEN i |l ustrating an optical
systemthat is applied to the inventioa FIG 5 is a
f I oid@at is 4 Hiagrawriflesatipeae prablem that geais when werkiog a low-k material
according to a first enbodi nent of the invention. FIG
usingaiC§rdaseti agram il lustrating a structure of a |aser
processi ng apparatus according to a second enbodi nent
of tHie. Zmadnglamaﬂtﬁh@ngastmlawﬂadmﬂm@ssmlammtoaﬁm
| aser processing nmethod according to a second
embeditysti ofthetinveftionhe i nvention. FIG 8 is a diagram
illustrating a structure of a |laser processing
appadi@su3A and 8B dirndiagramsa iltuisiatiug éwtpmideipte f spittirigheelaser beam in an
inventioa FIG 9 is a flowhart illustrating a |aser
optigal ostemshat i appliet adhemeotion.ng to a third enbodi ment of
the inventioa FIG 10 is a diagramillustrating a
r es WHIG. 4 ik ad exemplabit view didstiaging aaroptidahgystemithews kppliad ®rtheahvention.
using a |l aser processing apparatus of the inventioa
FIG. 5 is a flowchart illustrating a laser processing method according to a first embodiment

of the invention.

FIG. 6 is a diagram illustrating a structure of a laser processing apparatus according to a
second embodiment of the invention. | |

FIG. 7 is a flowchart illustrating a laser processing method according to a second
embodiment of the invention. |

FIG. 8 is a diagram illustrating a structure of a laser processing apparatus according to a
third embodiment of the invention.

FIG. 9 is a flowchart illustrating a laser processing method according to a third embodiment
of the invention. |

FIG. 10 is a diagram illustrating a result that is obtained by removing a low-k material ﬁsing
a laser processing apparatus of the invention.

FIGS. 11A and 11B are diagrams illustrating the concept of removing a low-k material
using a plurality of laser beams.

FIG. 12 is a diagram illustrating a structure of a laser processing apparatus according to a

fourth embodiment of the invention.
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FIGS. 11A and HB are diagranms illustrating the concept

of renoving a lowk material using a plurality of
wo amenifsenns. FIG 12 is a diagramill ustrati NBCEKR2008/002531

structure of a | aser processing apparatus according to

a fourth enbodi ment of the inventioaFIGS. 13 to 16 are

exenplary views illustrating a beamsplitting unit

that is applied to a structure showmn in FIG 12. FIGS

17 to 19 are diagrans illustrating the concept of

splitting a beam by a beamsplitting unit using a

prism FIG 20 is a flowhart illustrating a | aser

processi ng nethod according_to a fourth embodi nent, of

t he Fl@S-elfttp df armpxemplary1vievss Husirpting abpamy splitbing it thef iy applied to a

struycture_of a |aser processing apparatus according to
strucgurg shop ipF6H - ment of the inventioa FIG 22 is a

flowhart illustrating a |l aser processing nethod .

accal@P-Ad te &° ae tiagrams Bletng/hn eongept ohwliftiRg & heambby, a beam splitting

_ DESCRI PTI ON OF EXEMPLARY EMBCDI MENT A | aser processing

unit pppga sws according to a first enmbodi nent of the

i nvention for achieving the above-described techni cal

obj &86s20 ds a flevwbart pllusatiog i an fpseappeaestingsmethed aprondiegs seg fourth

a subject on which a lowk material is forned. The
embbdigent ofthotwsitiong appar at us i ncl udes a | aser generating

unit that emts a | aser beam and an optical system

t hatFIGA1iis 8 diagem illswmtingeastueie tof e dasérmoreessing abpesats according to a

generating unit into two and irradiates the split
fifthkembedimba afthe owemtion.he subject In this case, the optical

systemincludes a pair of condensing | enses in which

cut FiGr P2ades: flbwchadr dustatingat lasep ipedtessiog ninetbatl décotdingcto a fifth

fromcentral axes to be parallel to the central axes
embodinkeatof teirtvbnteach ot her, and the interval between

DESCRIPTION OF EXEMPLARY EMBODIMENT

A laser processing apparatus according to a first embodimenf of the invention for achieving
the above-described technical objects is a laser processing apparatus that processes a subject on which
a low-k material is formed. The laser processing apparatus includes a laser generating unit that
emits a laser beam; and an optical system that splits the laser beam emitted from the laser generating
unit into two and irradiates the split laser beams onto the subject. In this case, the opﬁ@ Ssystem
includes a pair of condensing lenses in which cut surfaces that are cut at a predetermined distance
from central axes to be parallel to the central axes contact with each other, and the interval between
the two split laser beams is the same as the interval between two edges of the low-k material in a
removal subject region.

A laser processing apparatus according to a second embodiment of the invention 1s a laser
processing apparatus that processes a subject on which a low-k material is formed. The laser'

processing apparatus includes a laser generating unit that emits a laser beam; a beam splitting unit that
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the two split |aser beans is the sane as the interva
bet ween two edges of the lowk material in a renoval
W@ pect30T egi on. A | aser processing apparat us BCDBRA0REH02531
to a second enbodi rent of the invention is a | aser
processi ng apparatus that processes a subject on which
a lowk material is forned. The | aser processing
apparatus includes a | aser generating unit that ents
a laser beam a beamsplitting unit thatsplits the
| aser beamemtted fromthe | aser generating unit into
two; an optical systemthat splits a first |aser beam
split by the beamsplitting unit into two, such that
splifg ﬁ@ Igspribsqr smitise fropahe lasgepdrating it ntd tygean opkiegheystem thagplits a first
sane as the interval between two edges of the |owk )
laserrbgagy spH byi the beamesphitting urbiipiodve, spehighas the inferyali betvepen die o split laser
the split |aser beans onto the subject and a -mrror
beamb it the swed acte intaed brcvebmbyar edgemof thp law-k yatariakintyeremoval subject
splitting unit and allows the second | aser beamto be .
regipn, lapdiiratlietds the split taser beaws- dotanthe subjeat; anykyt mveren thatwecdives a second laser
edges. In this case, the optical systemincludes a
beampaplit by thedeand eplginggnit anisdlews the sicormHaseueamuio baicrediatedertto the low-k
are cut at a predeternm ned distance fromcentral axes
matergil batweearthe tiveledges  tTh éhisoaset tha bptialegstan imclides apiatr bf @addnsing lenses
other. A laser processing apparatus according to a
in whichrodt sunfbees thatart catfat & predétenmined idistandesfraan tendralraxes to be parallel to the
processing apparatus that processes a subject on which
centeal bx@pedntacbdvigdt daalh otha. f or ned. The | aser processing
apparatus includes a first |aser generating unit that
em tA laerl fpcessingepparatanacoqtling 3 a thrdteatbotiir@ht &the insentibeis a laser
| aser beamemtted fromthe first |aser generating

proddsidg dppirttut Gt pousskestgibjetthen ivhich ravisiv-1b etaweainis tiihel WOThe laser

split laser beans is the sane as the interval between
proc@skigippdratidi@cthdessa Kirdd Bk @ fobigdrating ufit theteaMsla 1setheasit an optical system
region, and allows the split |aser beanms to be

-~ thatisplits e kserdearh nitkd Blocthe fifst Bt gaidrakiAg ailit HRasAduc that the interval

unit that emts a |l aser beam and a mrror that all ows

betvicbe the &sespliblagibeattis tid tRelsafrie aght bferet bawebnl edgs lof the low-k material in a
generating unit to be irradiated onto the | owk

rem&Rl Qibjead rede, WREAlloWS Ehelspit 186:01R8ms torbetittidentastBe subjRet; a second laser
optical systemincludes a pair of condensing | enses in
genéi@inghmﬁ at SMitS 2GRS Hehial arﬁraemﬁl%f that alRws the laser beam emitted from the
second laser generating unit to be irradiated onto the low-k material between the two edges. In this
case, the optical system includes a pair of condensing lenses in which cut surfaces that are cut at a
predetermined distance from central axes to be parallel to the central axes contact with each other.

A laser processing apparatus according to a fourth embodiment of the invention is a laser
processing apparatus a laser processing apparatus that processes a subject on which a low-k material
is formed. The laser processing apparatus includes a laser generating unit that emits a laser beam; a
first laser beam splitting unit that splits the laser beam emitted from the laser generating unit into two;
a second laser beam splitting unit that splits a first Jaser beam emitted from the first laser beam

splitting unit into two and irradiates the split laser beams onto two edges of the low-k material in a
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predeterm ned di stance fromcentral axes to be

parallel to the central axes contact with each ot her.
Wa20008e130pr ocessi ng appar atus accordi ng to a fPCF/KR2008/002531

enbodi nent of the invention is a |l aser processing

apparatus a | aser processing apparatus that processes

a subject on which a lowk material is fornmed. The

| aser processing apparatus includes a | aser generating

unit that emits a |laser beam a first |aser beam

splitting unit that splits the |laser beamemtted from

the | aser generating unit into two; a second | aser

beam splitting. unit that splits a first |aser am .
romgYe SOt TRIOR: A @ i et Lwe%ﬁ%ﬁbﬁﬁ Pl ﬁgecew? laser hpsgn emitted

t nd irradiates the split |aser pbeans onto,two
fror%ﬁ%égﬁgmtlr?@rwsa Yt 1atoj ah feast e prdigipdiptes; the jsalits laser beams onto a

region; and a third | aser beamsplitting unit that
regigmbetwesn thecdess Qtthe regoval sehiget BEPRt ed from the first
| aser beamsplitting unit into at |east two and )
i rr aYilasereRro¢esEngs pIPRRARIS |ageortingy agrdifth wmbodimertgefghe invention a laser
bet ween the edges of the renoval subject region. A
proqegsingy appaise sl Rrpcesps & abisst et wbickianlgwtlo materiplf is Hormed.  The laser
enbodi rent of the invention a |aser processing
procggsgrappaiaius ineltdep g diss dasa gererating juait thalogmitate laser leamg adikst laser beam
material is formed. The | aser processing apparatus
splitting: huitithet splifsi the das¢rasam egaitesl fiorn Aloe Ginst taser fganerating tugit anto two and
| aser beam a first laser beamsplitting unit that
irradigd¢sithedasehleaina ousp edgesiof agemeovabsiibjerioegiothed the lpwk rhatgsial at both sides; a
generating unit into two and irradi ates the | aser
secane faser generabing ugthat efitsa lassroean; ansl Aseeomt] laser deam spdifting hwit that splits a
low-k material at both sides; a second | aser
secopd tesercieqmn gmitted tirotrhthe sesond lgsen génemiting retinto ah kedst &vs embirrddiates the
| aser beamsplitting unit that splits a second | aser
splitthasearbeams ertteairefion hetween tieedgasaf tha sserovelenlgechteigiog. uni t
into at least two and irradiates the split |aser beans
~ ont A\ desergmossirgempthach adchrding dg esfirstf enhbodinmeatrof/ the isvehfjioncis a laser
region. A laser processing nethod according to a first
processimgdinetbort thaf probesses v eubjeconn ivéhich & dovek patodd ds iforgped.  The laser
nmet hod that processes a subject on which a | owk
procawing rmethod isclfides refitst skdpeofl paswiding) a0 optiesli systeme tvhichl includes a pair of
includes a first step of providing an optical system
condehsindlensecinuvddch aut spathdes Gt o adenspmdetdrainse distance ioicdentral axes to
cut surfaces that are cut at a predeterm ned distance
be phmibaintocthetentrhl agesesnthad with each other; a second step of setting processing parameters,

which include locations of edges of the low-k material in a removal subject region, an interval |

between the edges, and output power of a laser beam; a third step of emitting a laser beam; a fourth

step of splitting the laser beam into two using the optical system; and a fifth step of irradiating the two
split laser beams onto the two edges of the low-k material in the removal subject region.

A laser processing method according to a second embodiment of the invention is a laser
processing method that processes a subject on which a low-k material is formed. The laser
processing method includes a first step of providing an optical system, which includes a pair of

condensing lenses in which cut surfaces that are cut at a predetermined distance from central axes to
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be parallel to the central axes contact with each
ot her; a second step of setting processing paraneters,
waobkioek1430t| ude | ocati ons of edges of the | ow KPOEK&20081002531
in a renoval subject region, an interval between the
edges, and out put power of a |aser beam a third step
of emtting a |laser beam a fourth step of splitting
the | aser beaminto two using the optical system and
a fifth step of irradiating the two split |aser beans
onto the two edges of the lowk material in the
renoval subject region. A |laser processing nethod
according to a second enbodi nrent of the invention is a
be nagalielito Pie senigkaxprroptaetva carathgsraseeond sisp af ssilipg Bregesypg parameters,
which a lowk material is formed. The | aser processing, -
whighs fnigbide ilosations ©F edges iof the lewdpmeterigd rip v remaval subjesb tegicm) an interval
system which includes a pair of condensing lenses in
betwiteh dlie eslges, angr dutmib powen af a daser heam; aithird sigp efl emigtingj anfarst laser beam; a
di stance fromcentral axes tobe parallel to the
fourthesteprod splitting shedinwt laser beamh ethittedinitheghibdstep info sweesing thet apticabsystem; a
setting processing paraneters, which include |ocations
fifthotepefl radiatiry theasct oami sphibintertiva lin thevfoarth sieppantd the tetwj edges of the low-k
region, an interval between the edges, and out put .
materiahiartheytmavdl subgerct regiemm sisthistep plengttipg a scorstliset heay; and a seventh step
first |laser beam a fourth step of splitting the first
of iralgting the sacvreltastt beamiemittetl &n théwixthl step enpo a region betweanghetgo edges.
the optical system a fifth step of irradiating the
| ased liseraprecessilg method accordimgito atthied Embedirers to theantentidrhis a laser
two edges of the lowk material in the renoval subject
prodessifigomithad shak plocass@pa efibjeetrioh twiich a lsw&omdtetid Se forbedm The laser
and a seventh step of irradiating the second | aser
prodessiv racthdd igcluden a ke stsp oft Bitifig piocasih® paarh&gs, avhidheihslgizlocations of
the two edges. A | aser processing nethod according to
edgés dffile [Gwekiinatekialéid refioval l3abjédd egivhi &inteByabbdt@&Arthe edges, and output
processi ng nethod that processes a subject on which a
powleDu¥KasaPbeamt abechrsl deploffedittiniladaseitisea; pthaa ees bMN@litiBt e Hser beam
includes a first step of setting processing
into ws; afedirtirsiep ofMplittig i st ligtebdaptitween the Mserddgassplif infolt®o in the third
lowk material in a renoval subject region, an
stepli ifith @y ahd hediwigthd §plit Ry BSamsasitb edgbpolt the ek ndferial in the removal
| aser beam a second step of emtting a | aser beam a
subjbdt irdpfbnSt Bath Siflessakdiatfifh R@p bhgplittiag & becbRblael Bdagh otWken &he laser beams
fourth step of splitting a first |aser beam between
splittii® twd S€ theltBig S epSitol dt 1daRttt@olan ikddiakife the Rplitdaser beams onto portions

between the edges of the low-k material in the removal subject region.

| A laser processing method according to a fourth embodiment of the invention is a laser
processing method that processes a subject on which a low-k material is formed. The laser
processing method includes a first step of setting processing parameters, which include locations of
edges of the low-k material in a removal subject region, an interval between the edges, and output
power of a laser beam; a second step of emitting a first laser beam,; a third step of splitting the first
laser beam emitted in the second step into two and irradiating the split laser beams onto edges of the

low-k material in the removal subject region at both sides; a fourth step of emitting a second laser
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step into two and irradiating the split |aser beans
onto edges of the lowk material in the renoval
W@ aimPeCL30T egi on at both sides; and a fifth stepCDKR2008/002531
splitting a second | aser beam between the | aser beans
split into two in the third step into at |east tw and
irradiating the split |aser beans onto portions
bet ween the edges of the lowk nmaterial in the renoval
subj ect region. A laser processing nethod according to
a fourth enbodi ment of the invention is a |aser
processi ng nmet hod that processes a subject on which a
lowk material is formed. The | aser processi ng nethod
beanp and ) 8h gtep of splittingdhe ssronglelaser hepnp eryitied &1 g fourth step into two and
araneters, which include |ocations of edges of the
irradligfing ihersplitdasprdicarnnongo pastiens Retweerbthe edges efghalaw-kgnaterial in the removal
interval between the edges, and output power of a
subjecteegionbeam a second step of emitting a first |aser
beam a third step of splitting the first |aser beam
emtted in the second step into two and irradiating
the split |aser beans onto edges of the |lowk nmaterial
i n tEebadenamsadf the bineationr el now &t desdribeds iird detail svith aefeteice to the
step of emtting a second | aserbeam and a fifth step
accayfipagphg dbwings.t he second | aser beamenmitted in the
fourth step into two and irradiating the split |aser
- bearfiGdhis a djpgaini ilussating bsieturd dfe lasdgescessingtapygardtewedording to a first
material in the renoval subject region. Enbodi nents of
embolienehtvf@rtinvention | | now be described in detail with
reference to the acconpanying drawings. FIG 2 is a
di agksashoivhl it FIG AL, s pedcessihi Wipparatlis. accb@igrto an eadedimegt of the
apparatus according to a first enbodi nent of the
inventioteiR¢liudes a cAgrobian 0] Dladel GeneRtin@uritalDO) a Mir@e @SEng it 130, an input
apparatus according to an enbodi nent of the invention
uniti1AG,lal desputamit 050, & Glorad kit 1600a métrdr 46,8ihd g Oticalsisign UMi tn this case,
- 120, a mrror driving unit 130, an input unit 140, an
the @trdluhit UTT donttSiékhe éntisd spegon ¢l lastBtocessin®l abp@atus] Be 1agdd @enerating
an optical system12. In this case, the control unit
unit 1200 @Mt o I8eSbek@ha hdsiafpeedepeiindd apettuad, atdtBe t®edriving unit 130 drives
processi ng apparatus, the | aser generating

the mirror 10. The input unit 140 inputs control parameters and control commands, the outpﬁt unit
150 displays information, such as an operational state, and the storage unit 160 stores data. The
mirror 10 changes a propagation direction of the laser beam that is emitted from the laser generating
unit 120, and the optical system 12 condenses and splits the laser beam that is reflected on the mirror
10 and irradiates the split laser beams onto edges of a low-k material in a removal subject region.

A subject 14 that has a low-k material formed thereon is mounted on a stage 16, and the
stage 16 moves in a predetermined direction by a stage moving unit 18.

Here, the mirror 10 may be implemented using a reflection mirror or polygon mlrror
When the mirror 10 is implemented using the polygon mirror, the polygon mirror is preferably a
polygon mirror that is manufactured such that the number of reflection surfaces is controlled for the

aperture of a laser beam to cover a plurality of reflection surfaces of the polygon mirror.
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unit 120 outputs a | aser beamthat has a predetermnm ned
aperture, and the mrror driving unit 130 drives the
WOorzowo14300. The input unit 140 inputs control PCI/KR2008/002531
paraneters and control commands, the output unit 150
di spl ays information, such as an operational state,
and the storage unit 160 stores data. The mrror 10
changes a propagation direction of the |aser beamthat
is emtted fromthe | aser generating unit 120, and the
optical system 12 condenses and splits the | aser beam
that is reflected on the mrror 10 and irradi ates the
split | aser beans onto edges of a lowk material in a
Meqnahils; A laser [prosessing egpaseius jps1ag pjpelygon mingrzis disgleseq in Jygrgan Patent
material formed thereon is nounted on a stage 16, and
Appligrsion fNeg 0200402282/ 0; flechinpthe deraan ditellegtuel; Bregerty §HTigpyorpMarch 31,
stage noving unit 18. Here, the mrror 10 may be )
2004 byl therpresentl applioant. aAr lasdr qeedessingninparius asing @l pejygen mirror that is
mrror. Wien the mrror 10 is inplenented using the
manptaktyegd isuat that the, nutnber qf adflegion smifacesois corropedeit diseloseg inadKorean Patent
polygon mrror that is manufactured such that the
Applicatibe Noo 0-2@040965066 rfilesuinf the: Kerears Intediactvad [Praperty Office roa August 18,
aperture of a |l aser beamto cover a plurality of
2004 byf thepreseotapplicaita c bgegafdstdibeseghe/dptanledwlaseriptiontberentiwill bs onaitted.
| aser processing apparatus using a polygon mrror is
di sdho sptatalispstéto i 2that iPesed totcodepbd and splivthe Mser beam may have a structure
10- 2004- 0022270 filed in the Korean Intellectual
in whichpwes tondésing dasarcohviact @hch3ither.2 Ol styctird of the eptealtsystem 12 will be
applicant A |l aser processing apparatus using a polygon
deschibéd in detiiltglow witthefetthectd FI@S] 3and¢# t hat t he nunber of
reflection surfaces is controlled is disclosed in
Kor ¢3GS.PA aint 3Bvap disginho illubtiexting] the 20i0iplo 06 Sflithgfd lasd bedm in an
the Korean Intellectual Property O fice on August 18,
optici08Atetnythd: Bepplicd setht int@ioh Gad FIG. Uris degamplarytviewt illestating an optical
the detail ed description thereof will be omtted. The

syst@p thati@apphadb eidkventiorat is used to condense and split
the | aser beam nay have a structure in which two

CONGRRSFIGY3A ERFRS O reQAGh thelchie fwhertadassit etk DO isinéident on a
the optical system 12 will be described in detail

cond®RYMEiZD Budh k8 8 B fer bPthE 2@ beadn ZMielcihes thtHERehiFARREceABr C1 of

are diagranms illustrating the principle of splitting a
the doﬁ&e%ﬁm@l%ﬁé@(] NEFRK 3B shows a condensing result in the case where the laser beam 22 is

* incident on the eondensing lens 20 such that the center of the laser beam 22 inclines to the left from

the center C1 of the condensing lens 20.

As can be seen from FIGS. 3A and 3B, if the center C1 of the condensing lens does not
align with the center of the laser beam, a condensing location of the laser beam that has passed
through the condensing lens 20 changes. Using this principle, one laser beam is split into two laser
beams in the invention.

FIG. 4 shows the case where two condensing lenses 30a and 30b contact each other after
cutting parts of the condensing lenses 30a and 30b and a laser beam 32 is incident on the condensing

lenses 30a and 30b such that a contact surface of the condensing lenses 30a and 30b align the center
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optical systemthat is applied to the invention, and
FIG 4 is an exenplary viewillustrating an optica
waeymbemsvhat is applied to the invention. FirsPCT/RRE08/002531
3A shows a condensing result in the case where a | aser
beam 22 is incident on a condensing | ens 20 such that
the center of the |aser beam 22 inclines to the right
fromthe center d of the condensing |lens 20. FIG 3B
shows a condensing result in the case where the | aser
beam 22 is incident on the condensing |l ens 20 such
that the center of the | aser beam 22 inclines to the
-left fromthe center C of the condensing | ens 20. As
of theJpseriagicld rihereby ppittiingmne dpserbeem 3intq tofases er d of
the condensing | ens does not align with the center of )
t he Peesiérallyeporions of dhe) eprsiensing lspwss 36m and 3¢hdhat agey predetermined
. beam that has passed through the condensing | ens 20
distanee Apsedrom 8¢ ngwl axes (Frand €8 heeeof @ élnrt%@mmaﬂa dothe eenggllakes C2and
into two |aser beans in the invention. FIG 4 shows
C3,tapd oi sudacoshedites eopdensiog dthosesi3Ag andeHibdlat Bolidathd catipl axes C2 and C3
contact each other after cutting parts of the
contgefreaihrghieng Atdhis e, 3BcondansiBg kenses d0aand 38k need teba i3 2oritast with each
i ncident on the condensing | enses 30a and 30b such
other peeh that the eandensing lanses ers spmhmettisal oo thedag af thelcomact surfaca
and 30b align the centerof the |aser beam 32, thereby
spl ilnthingate né Ihss beanbie incid8i® onrtieccobdunsin@ases Bézcand 30b such that the
Specifically, portions of the condensing |enses 30a
conartduEgh of tha twacoadensipg dlsds 8Omumicib dligts dhrecentergCtr of ther laser beam 32,
the central axes C2 and C3 thereof are cut to be
the [asar &kdne s dondensed oneix ceatral axessCandatitlofiBe caxdehsmgtlenses 30a and 30b.
surfaces of the condensing | enses 30a and 30b that
As 4 muiltymhe lasdrdeane B2 canlsplitkestwodasarni#ai® cont act each ot her
At this tinme, the condensing | enses 30a and 30b need
t o bt thistine iff the¢uttitigtidativins bf the beidersing lenbd3da 4dde30b or the aperture of
condensing | enses are symmetrical on the basis of the
the inoidéra ddsersheninadeis abjasted)iitsis Po@ibls toi dharipelad S@tervileRRVees the split laser
i ncident on the condensing | enses 30a and 30b such

- beathhiat the contact surface of the two condensing | enses

30a and 30b aligns the center Cb of the | aser beam 32,
Of course, the aperture of the incident laser beam 32 is equal to or larger than the distance

between the two central axes C2 and C3 of the two condensing lenses 30a and 30b, which contact
each other.

Meanwhile, sectional shapes of laser beams that are emitted from the optical system 12 are
shaped to have elliptical shapes using a cylindrical lens (not shown) before irradiating the laser beams
onto the subject 14, and a control operation is performed such that the major axes of the ellipses align
the processing direction, which results in obtaining superior processing efficiency.

FIG. 5 is a flowchart illustrating a laser processing method according to a first embodiment
of the invention.

When the subject 14 is processed using the laser pfocessing apparatus shown in FIG. 2,

first, control parameters are set by the input unit 140 (S101). In the control parameter setting

12
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the | aser beamis condensed on the central axes C2 and
C3 of the condensing | enses 30a and 30b. As a result,
woep@olaser beam 32 can split into two | aser beRCWKR2108/002531
this time, if the cutting |locations of the condensing
| enses 30a and 30b or the aperture of the incident
| aser beam 32 is adjusted, it is possible to change an
i nterval between the split |aser beanms. O course, the
aperture of the incident |aser beam 32 is equal to or
| arger than the distance between the two central axes
C2 and C3 of the two condensing | enses 30a and 30b,
whi ch contact each other. Meanwhile, sectional shapes _.
progsss, ftheseapirglbgametess, preJegsterRy 19 8 Predeismningsemgt peegiding to a kind or
system 12 are shaped to have elliptical shapes using_ a
procesamentyps o5 the) pressingotubisrod) stored 8y @ stopaga g tlofg thea. the control
| aser beans onto the subject 14, and a control, )
paragster sattingpracessisat lPQﬁaﬁb’d)eﬁjﬁmﬁdtbﬁ selectingfrom fhemenndfnaggssaryie At this
. ellipses align the processing direction, which results
timg, the isatipnpplregeesobibe layr-k pratsaa dw4 yegowd] subiscbnegion, thejierva betsveen the
a flowhart illustrating a | aser processing nethod
edgescand odipwigpower of afldserdeane ats et iasrtba congpl patametersvent i on.  Waen
the subject 14 is processed using the |aser processing
appdaf he centrohpayamatars #¢ eympletely setghe loeation plghe piroa i isadigsted by the
are set by the input unit 140 (SIAQ). In the contro
mirpndriving unit 196 and algpar besss i, entitted (B3 r IVhenaheamiztoe 1@ isomposed of a
regi stered in a predeterm ned nenu according to a kind
polygon primaeths inrigort ifpwtate at heoptantgeel agordingjtedte meafitermined rotation
stored in a storage unit 160. Then, the contro
speedar Eme tantrok exit il Hh opracsethe stgan npwingasitl 48 fpember thedsubjpct 14 in a
selecting fromthe nenu, if necessary. At this tineg,
predefesnihaldirection (fonéxamplzedirectiontoppositotoalpraredsing idadctiomwhere a laser beam
~renmoval subject region, the interval between the
is iredigted pntapdulyedp©105).0vite lager beatrathatris diritied when thetasa gedehating unit
control paranmeters. If the control paraneters are
120 seoptodiedis yncklerdt on tHe@pticabsystenr 2 dfrovgh éhemifrordi). 10 i S
adj usted by the ‘ N
Even though the movement of the subject is not essential, if the subject is moved in a

direction‘ opposite to a processing direction, the processing speed can be increased.

At this time, a control operation is preferably performed such that the center of the laser
beam aligns the contact surface of the two lenses constituting the optical system 12 and the aperture
of the laser beam is larger than the distance between the centrai axes of the two lenses.  Further, the |
Jaser beam that is incident on the optical system 12 is condensed in accordance with focal points of
the two lenses constituting the optical system 12 and split into two laser beams. The split laser
beams are vertically irradiated onto the two edges of the removal subject region of the low-k material
that is formed on the subject 14 (S107). In this case, since the laser beam is split into two laser
beams after passing through the optical system 12, it is possible to simultaneously process the two
edges of the removal subject region. -

After removing the edges of the low-k material in the removal subject region using the
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mrror driving unit 130 and a | aser beamis enmtted
(S103). When the mrror 10 is conposed of a pol ygon
wWOorReoe01430t he mirror 10 rotates at a constant SPEEER2008/002531
according to the predeterm ned rotation speed. The
control unit 110 operates the stage noving unit 18 to
nove the subject 14 in a predeterm ned direction (for
exanpl e, direction opposite to a processing direction
where a | aser beamis irradiated onto a subject)
(S105). The laser beamthat is emtted when the |aser
generating unit 120 is controlled is incident on the
optical system 12 through the mirror 10. Even though .
aboyerflesaribod methed, dlre remaining dovkmatepiah batwess s yogdges ip rqmpayed using a
subject is noved in a direction opposite to a
mechanirabyethedordiserarecessing methed (y188kssi ng speed can be
increased. At this time, a contraol operation js .
pr efle thipgnybodisnent prasessiog on theredgestoh the dewrkanatestal ke Tepergl subject
beam al i gns the contact surface of the two |enses
regieroanst proeessinggon the rampriniag lowsk swaisnial tetveean thermogdggstan inderfendently
the |aser beamis larger than the distance between the
perforenetly alhuasifitbe procassieg anibe ¢dgessnd thepracessiag on thia eenhaiieg low-k material
beam that is incident on the optical system12 is
are sirovitheersislyl performed drickxpestedihat the processingepeest can bé furthes inopgesed.  This
| enses constituting the optical system 12 and split
will now be tascrided satetall edthmeeferdive toslfJGB16 tb&ser beans are
vertically irradiated onto the two edges of the
r emi@l 6 subdiggrim ilbgiraing efstrodaee bbHavdaker ipedcessing lappawis dcsording to a
formed on the subject 14 (S107). In this case, since
secohth embatireent btheiniventispl it i nto two | aser beans after
passi ng through the optical system 12, it is possible
t o dn additicarie the sbmpeeots ef the ldsa provessing gpsratds showen mdifGy 3 lthe laser
subj ect region. After renoving the edges of the |owk
prochsaing rappdratinadchiing eoahis kmbodiernt thurtheg inoludessa bgam splitting unit 170, a
t heabove-descri bed nethod, the remaining | ow k
secofié irtirorall, aeitameeshd tnkigrot dMvingd@i 932.s The ieane sblittisig @it 470 splits a laser
nmechani cal nethod or |aser processing nethod (S109).
bearh fhat B emited 1ok thelbder g@ERRRSSIt100.0 MOrele tedgeashearhs thBre split by the
lowk material in the renoval subject region and
bear lsFIRQRSIONOL 70Rs inbidertt @fAhd ¥etdhd! ok 1 ITRTRE s@bnd efive elfivind @nit 132
two edges are independently
controls the operation of the second mirror 11.

Specifically, the beam splitting unit 170 splits a laser beam emitted from the laser
generating unit 120 into first and second laser beams and allows the first and second laser beams to be
incident on the first mirror 10 and the second mirror 11, respectively. Similar to the description
given with reference to FIG. 2, the first laser beam that is incident on the first mirror 10 is split into
two laser beams by the optical system 12 and the two laser beams process the edges of the low-k
material in the removal subject region.

Meanwhile, the second laser beam that is incident on the second mirror 11 is used to
remove the low-k material that exists between the edges of the low-k material in the removal subject

region.
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performed. Thus, if the processing on the edges and
the processing on the remaining lowk naterial are
wa@rembianaeousl y performed, it is expected thatPCTER2008/002531
processi ng speed can be further increased. This wll
now be described in detail with reference to FIGS. 6
to 9. FIG 6 is a diagramillustrating a structure of
a |l aser processing apparatus according to a second
enbodi nent of the invention. In addition to the
conmponents of the |aser processing apparatus shown in
FIG 2, the |aser processing apparatus according to
this enbodi ment further includes a beamsplitting unit )
170, In ghis embedimerty the rbeam. splitiing enits B®omay ke implementigd,byhgsing a unit
unit 132. The beamsplitting unit 170 splits a |aser
capdbleantsplitng cng lasgribeane thicf tvorase 21 §oh agje pair oftpriprgs andjatbeam splitter.
120. One of the | aser beans that are split by the beam
A smophize afiadggenheam iy 8 eimitted froindhesecand ntitver 1d deprafdrablyrsetde have a value
11. The second mirror driving unit 132 controls the
that cypbtaived by subtradting the exddth df the removal subjecBegion by tha migths afithe two edges
beam splitting unit 170 splits a | aser beamemtted
that fuc cemdvieé by ths split ysan beaatsiemifted fiom thedPticah systemi 12st  and
second | aser beans and allows the first and second
| asdilGb&aisma tlowtlerti itlostedtngt a daset ppocésking tmethadr ascodihgatoda second
the second mrror 11, respectively. Simlar to the
embdédisent qithedmvegionen with reference to FIG 2, the first
| aser beamthat is incident on the first mrror 10 is
spl ilh otdai to sitntliarcasy refpedthe dged dfehe@@hovabdubytségion cEzhe subject on
and the two | aser beans process the edges of the | ow k'
whi¢hethe towak niaterihl e fonaedatdl thesighi@ig nisgiablietwdd alerddigtse first, b@cessing
second | aser beamthat is incident on the second

 paraltictersQire el adcSrdihg @ith Rind@n® pecdsii efitheTbasial shel(5201). For

exi sts between the edges of the lowk material in the

exarhREANAlocabR ke édg@ SIhel 1owikhh@erRPORE fRBVal stitjet RERA) the interval

splitting unit 170 may be inplenmented by using a unit

betvieal &1l eBof andiRjutput pdveer @Nfhe Ifisk @hd REGHA 1hddf BealndQrd @68 the processing
beans, such as a pair of prisns and a beamsplitter.

' parameters.

Then, the laser beam is emitted from the laser generating unit 120 (S203), and the stage is
moved by the stage moving unit 18 to move the subject 14 in a direction opposite to a processing
direction (S205). Even though the movement of the subject is not essential, if moving the subject in
the direction opposite to the processing direction, it is possible to increase the processing speed.

The laser beam that is emitted from the laser generating unit 120 is split into the first laser
beam and the second laser beam by the beam splitting unit 170. At this time, the first laser beam is
incident on the two edges of the low-k material in the removal subject region through the first mirror
10 and the optical system 12 so as to remove the edges. At the same time, the second laser beam is
irradiated between the two edges of the low-k material in the removal subject region through the
second mirror 11 so as to remove the remaining low-k material between the two edges (S207).

FIG. 8 is a diagram illustrating a structure of a laser processing apparatus according to a
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A spot size of a |laser beamthat is emtted fromthe
second mrror 11 is preferably set to have a val ue

W@ b@v/01430Dbt ai ned by subtracting the wi dth of PEEKR2008/002531
renmoval subject region by the widths of the two edges
that are renoved by the split |aser beans emtted from
the optical system12. FIG 7 is a flowchart
illustrating a | aser processing nmethod according to a
second enbodi nent of the invention. In order to
si mul t aneously renove the edges of the renoval subject
regi on of the subject on which the lowk material is
formed and the renmaining material between the edges,

thirg gmbogimegt f theduyeR¥Ppar anet ers are set according to the
ki nd and. processing type of the processin ubj e ‘
( 20 gy to dhe smpenent REthe ?é%ftWQfﬁ@mgfaPW?é%égﬁ‘@% HIG e laser

lowk material in the rempval subject region, k&g ) )

Processingyapparatpeacrarding g tiseaphodiment, frtheripsludes,  wrepnd, faser jggnerating unit
first and second | aser beans are set as the processing

122 geseeond mimres 1 1;pné A secondkmimgedrivinganinl 3% enitted fromthe
| aser generating unit 120 (S203), and the stage is_
nov tq the descriyion giyen With isferanca® HG. Zrihedirtt fpscrbeasm gt is emitted
14 in a direction opposite to a processing direction

frony e 65} laseFgengratingoertf 28 isdnaidepieonethe opsical syiens {hiheagh thesfirtppirror 10.
essential, if noving the subject in the direction )

The @piieat syiseemt 12 mh:eb@m%etgsd sugh that thetciiofurfages of the hoe sorigemsing lenses,
to increase the processing speed. The | aser beamt hat .
whighsare it suebl thiat ¢ ponéonk, awlich gre rmpart fiomgthe ggrirall 2@s by aspredetermined

~into the first | aser beam and the second | aser beam by
distanbe atvepamlishbioi the cantyaliaxes, cam@t eakh ather.s Whenethe worderfaf thyt laser beam
| aser beamis incident on the two edges of the |owk
alignsdhestontatt simface bishe endansing Bodss,@ot lasee hiaois st ntegivo ldses beams.  The
first mrror 10 and the optical system 12 so as to
laserr aoanns ¢hat e sphitghysthe Apticalnsystera @ ard imadliatedh entodlootve ddgeseof the low-k
beamis irradi ated between the two edges of the | owk
matériat iatheatmaoval dubjectregiomsa bs te némave thelevwgrk oraterinlrof thg two edees.
second mrror 11 so as to renove the remaining | owk
mat evi¢aaivhibe theseond laeer beam that greemittcdAn) the second laser generating unit 122

is reflected on the second mirror 11 and irradiated onto the subject 14. At this time, the second laser
beam is irradiated between the two edges of the low-k material in the removal subject region, and
removes the remaining low-k material between the two edges after removing the two edges using the
first laser beam.

In this case, the second laser generating unit 122 is preferably driven at the predetermined
time after the first laser generating unit 120 is driven.  The spot size of the laser beam that is emitted
from the second laser generating unit 122 is preferably set to have a value that is obtained by
subtracting the width of the removal subject region by the widths of the two edges, which are
removed by the first laser beam.

Meanwhile, a laser that is emitted from the second laser generating unit 122 may be one of

UV ViS (Ultra Violet Visible), IR (Intra Red), and CO, lasers.
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FIG 8 is a diagramillustrating a structure of a
| aser processing apparatus according to athird
wepdvoni4zent of the invention. In addition to tPEI/KR2008/002531
conmponents of the |aser processing apparatus shown in
FIG 2, the laser processing apparatus according to
this enbodi nent further includes a second |aser
generating unit 122, a second mrror 11, and a second
mrror driving unit 132. Simlar to the description
given with reference to FIG 2, the first | aser beam
that is emtted fromthe first |aser generating unit
120 is incident on the optical systen112 t hough t he
fir UG is pfpwalmrt ilipseatiog e lases proggpsipg method aggrdizg To a third embodiment
configured such that the cut surfaces of the two
of theamvgelsi ng | enses, which are cut such that the
portions, which are apart fromthe central axes by a
pr ede deslenth sieuiltatiesusrprecessdheedgesof theatmeval subiscigeginn Qaf ithe subject on
axes, contact each other. Wen the center of the | aser
whithetherlont-k graterialis fosoed andtthesempiaing meteriehbetwesn daaesigerg first, processing
| enses, one | aser beamis split into two | aser beans.
paraitieterd ans st adserding to thakindrand probdssingiype plichepropessing shisetdp30l). For
12 are irradiated onto the two edges of the [ owk
emnnﬂbehekwmmmsmﬂm£eﬂyanﬂﬂckﬂﬂhanxmiEghmnmmmwﬂadm@mN%Emvﬁenmmvd
the lowk nmaterial of the two edges. Meanwhile, the
hmﬂfﬁﬂmdﬂgﬁsaﬁxmqmmphhmbfmsﬁmﬂﬂmsmbﬂihmxbhamsazﬂmdsm@pnmammg
| aser generating unit 122 is reflected on the second
paraffiefefsOr 11 and irradi ated onto the subject 14. At this
time, the second | aser beamis irradi ated between the ,
t wo Begels faft ldstrebehrn s dmitteit femi the firshlasch eeremtmyyadit 120165393}, and the
regi on, and renoves the remaining |lowk materi al
stagh Biri@ed by the stapemedgesnitlfdtseras toarnowei tigsubjoet Ithima ditkgréen opposite to a
using the first laser beam In this case, the second

prode@ﬁ%rdl@@bﬁ (88051 g Byan thodghdhd Mopsnadnesfahd Subjed iv et easentidh6f moving
etermned tinme after the first |aser generating

the $4Bjett i R0 dikti6H dppesite toktheprodesingsirg@ionfit it pedsible seihcrbBatiie processing
that is emtte fron1the second | aser generating unit

22 is preferably set to have a value that is obtained
by subtracting the width of the renoval subject region

by t1he 1a8rdehis taf is biaRted HOmM LIRS lasbeidiatidp @nit 120 is incident on the two
edges of the low-k material in the removal subject region through the first mirror 10 and the optical
swﬁenl12,ﬂknebyrennﬁdngtheedges(S307)

Then, the second laser beam is emitted from the second laser generating unit 122 (S309),
and is irradiated between the two edges of the low-k material in the removal subject region through
the second mirror 11, thereby removing the remaining low-k material between the two edges (S311).
As such, the edges of the low-k material in the removal subject region and the remaining low-k
material between the two edges are simultaneously removed. As a result, it is possible to process
the subject having excellent processing characteristic while maintaining a high-speed operation.

FIG. 10 is a diagram illustrating a result that is obtained by removing a low-k material using

a laser processing apparatus of the invention.
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removed by the first |aser beam Meanwhile, a | aser
that is emtted fromthe second | aser generating unit
wa2momepobe one of UV ViS (Utra Viol et Visibl BQT/KRR08/002531
(Intra Red), and CO2 lasers.FIG 9 is a flowhart
illustrating a | aser processing nmethod according to a
third enbodi ment of the invention. In order to
si mul t aneously process the edges of the renoval
subj ect region of the subject on which the | owk
material is formed and the remai ning material between
the edges, first, processing paraneters are set
according to_the kind and processing,t%ge of the . .
pr ocRdripgytodillj Kb twq ssigepP1 apbb2 efarpgion K where pdevik msiggial, which
of the edges of the Iowk material in the renoval i
need jp peremoyeiyn a low-k materig oa Ay etirgre g B, isharmsd isagmovgd gsing the laser
out put power of the first and second | aser beans are
proggasingagppetatis shoye s Py D aand rtbe eqnepiningh fow-k tragerfal Esis removed by a
| aser beamis emtted fromthe first |aser generating
meqhaical prRces§ig30Ehd atrderprasessing grethod, whichewll by perfeengt herpanafier.
nmoving unit 18 so as to nove the subject 14 in a
di r et shown opihodiewingt ibcan bp sesodlet tha gdges Pdend DR of 58 BY-k material in
Even though the novenent of the subject is not
the memealtsubjict régionramiemgvedrrad suldpyar stibjeat istexposdd toetbe pwside.  The low-k
opposite to the processing direction, it is possible
matergl renwine beteedntike tpo edges Bl mgd Bp.e ebhe rdth@nihgloerk inatenal tande removed
is emtted fromthe first [aser generating unit 120 is

subsenantlebyt a mechttienl praceseuyesthaf orfdser praessiogmethedi al i n t he

renmoval subject region through the first mrror 10 and

t he Iyt ittealbwsymbtenal bP thet dagesels ywinmétameoiisty raniveed dg dte two split laser

(S307). Then, the second | aser beamis emtted from
beakandtbcromdvdl abieet rggoreis définad)  UMhetefold vhéSanBying the dow-k material in a

irradi ated between the two edges of the |owk materi al
subdequenh processyahalowsiu bjaefidl ifi @gegion biherothgh the remeet subjbct region can be

mrror 11, thereby renoving the remaining | ow k
prevented froalbeing teveeed. t 28 chivbe eagem FE3. 10/1the edges are accurately and sharply
processed, which improves a manufacture characteristic.

The description has been given to the case where, in order to process the subject where the
low-k material is formed, a laser beam is split into two laser beams to remove the edges of the
removal subject region, and the low-k material between the edges is removed at the same time as (or
after) removing the edges. |

However, when the low-k material between the edges is removed using a laser beam at the
same time as (or after) splitting the laser beam into two laser beams to remove the low-k material of
the edges, the aperture of the laser beam needs to be adjusted according to the interval between the
edges. In FIGS. 6 and 8, the aperture of the laser beam that is emitted from the second mirror 11
should have a size corresponding to a value that is obtained by subtracting the width of the removal
subject region by the widths of the edges, which are removed by the two split laser beams.

At this time, when the interval between the edges is large, the aperture of the laser beam
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As such, the edges of the lowk material in the
renoval subject region and the renmai ning | owk

woraioenisah7 bet ween the two edges are sinul t aneoRGI/KR2008/002531
renoved. As a result, it is possible to process the
subj ect havi ng excel |l ent processing characteristic
whil e mai ntaining a high-speed operatioa FIG 10 is a
diagramillustrating a result that is obtained by
renoving a lowk material using a | aser processing
apparatus of the inventioaReferring to FIG 10, two
edges DI and D2 of a region K where a lowk material,

dﬂyhicngégaﬁlgo Bef%§g3¥g inh%g%$£%%$ga eé%%@gg%g%%mﬂkﬂmﬂk

| aser. pr.ocessi ng apparatus shown in FIG 3, and the
it ol ] SRRV ol MRl TS RO PCEPei Sni cal

processi ng nethod or, | aser processi ng net hod, which

wi | 1Agserdmglys cRaEmARE A v b Pratenal FERANAE EYFR@er Temoving the low-k

drawing, it can be seen that the edges D and f
matgrkbof thedeetrittionat apssile 9 FesuredhoprafelsBre EtOVﬁnéﬁPfg% obp plade due to
renmoved and a | ower. subject is exposed to the outside.
physigpbrepigingpoveritiaat is applicd ram e Ipwkypaisriat th elpge-edges DI
and D2. The remaining lowk material can be renoved
s ubskdysém enophep gmbodiraenth ghthe dpveptione whidq regroviag fisdogyk material of the
| aser processing nmethod. First, the lowk materjal of
edggstising thepespliti fisst éaserbpanzsnibo veliuye pthelpeick togteniah betwoqn thasdpes is reduced
_laser beans and the renoval subject region is defined.
using laeleast voesplitvekeond laserboamsy M@ r¢solivitds pessibleitaminimize physical resisting
subsequent process, the lowk material in a regi

egi on
powert thet istapplfedtth éhe bladsy&iom Sl fesriningelgivdn materialtadien heeypracessing in a
from being renoved. As can be seen fromFIG 10, the
subsegigatpreness usiog thebledd-y and sharply processed, which
i nproves a manufacture characteristic. The description
has Hie8nl 14iapd h1B arediagrama diustiitiog @ conicept of lgmpvinga lpmocmetgrial using
the subject where the lowk naterial is forned, a
aphiralgeof lisedeas split into two | aser beans to renove the
edges of the renoval subject region, and the | owk
mat diisaFIthdi Asbows hsate sdhers i lewrkematorid 161 istforered ame seinivenductor
as (or after) renoving the edges.
substrate 101 and chips 105 are formed in a predetermined region.

In the case in which the low-k material is removed to separate the chips 105 from each
other, as shown in FIG. 11B, the low-k material of the edges 107 in the removal subject region is
removed while at least a part of the low-k material in a region 109 between the edges is line-
processed.

In this way, it is possible to minimize resistance due to the low-k material during a

subsequent process using the blade.

FIG. 12 is a diagram illustrating a structure of a laser processing apparatus according to a
fourth embodiment of the invention.

The laser processing apparatus according to this embodiment includes a first beam splitting
unit 172, a second beam splitting unit 174, and a third beam splitting unit 176. The first beam
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However, when the lowk nmaterial between the edges is
renmoved using a | aser beamat the sane tinme as (or
w@baoen)438pl itting the [ aser beaminto two | asePCHER2®S/002531
to renove the lowk material of the edges, the
aperture of the |aser beam needs to be adjusted
according to the interval between the edges. In FIGS.
6 and 8, the aperture of the |aser beamthat is
emtted fromthe second mrror 11 should have a size
corresponding to a value that is obtained by
subtracting the wwdth of the renoval subject region by
‘the widths of the edges, which are renpved by the two
splitgpg wnit 173 slits dlasgrheamygmitted fom thedaser geagrating anit h0Jpip 4yvo laser beams,
between the edges is large, the aperture of the laser |
and ghezsacond beanhsplitiing asit ATfisplibe fastlasargienmemitied drompibe firshlecar splitting
becomes weak. As a result, even after the | owKk .
unitrig4 @tq tano laser hehvss todrediaté the splitdasardeamhente Goedeesel thg tegioval subject
may remai n between the edges. Accordingly, when
regiore e thyrdtteam Isplitting wdtt E/6i salits peseaond lasey bhegra wmitied diom the first beam
renmoving the lowk material of the edges, it is not
splitins eiib] 2 itto atkessttwo faser bpaesist & toiimaihtartbe isply lasgdreamsbeteeen the
bl ade due to physical resisting power that is applied

edgdsrobthe rdnevhleubjéctregiosr i al to t he bl ade. Thus, in another

enbodi ment of the invention, while renoving the | owk
mat &b ddserdfarhibatettgeptit inwitwg by e ssqpind bedn splitting agiet74 are irradiated
beanms, the volunme of the |lowk material between the

onteettlg edpes of the sibjeet!14ithrough &fe firgtasitrort Ioanelphe ¢ptis® cystath | hsarying as a
beanms. As a result, it is possible to mnimze

condenying lead. At égisahé tige,ihaaser béaats tha asplitiied at least twe Hyl thaltird beam
fromthe remaining lowk material after |ine

splitpfigO@itSIF6 g iradiated betoranihe adgepofibesbdjectd ¥ tigoughehelsb@té mirror 11 and
FIGS. 11 A and 1I1B are diagrans illustrating a concept

the GYfticsl SHWMh MNP add liRvepht 18%E BeaiBlardid@tangedan [al ditea@ion tvyrtied to a processing
| aser beans. First, FIG HA shows a state where a

direttoir K nmaterial 103 is forned on a sem conduct or
substrate 101 and chips 105 are forned in a
pr edt tidpuRRee, MedinRval bdwédnahE RS bednsvhiatele éplieby Midrskcond beam

material is renoved to separate the chips 105 from
splitB@ikhit 174 is controlled to be the same as the width of the removal subject region.  Further, the
at least two laser beams that are emitted from the third beam splitting unit 176 are controlled to be
arranged between the two laser beams, which are emitted from the second beam splitting unit 174.

The first beam splitting unit 172 that splits the laser beam emitted from the laser generating
unit 120 into two or the second beam spﬁtting unit 174 that splits the first laser beam emitted from the
first beam splitting unit 172 into two may be configured using the optical system 12 shown in FIG. 4
or the beam splitting unit shown in FIGS. 13 and 14.

Further, the third beam splitting unit 176 that splits the second laser beam emitted from the
first beam splitting unit 172 into at least two may be configured using any one of the beam splitting
units shown in FIG. 4 and FIGS. 13 to 16 according to the number of split laser beams.

Hereinafter, a structure of a beam splitting unit that splits a laser beam into two, three or four will be
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other, as shown in FIG 1IB, the lowk material of the
edges 107 in the renoval subject region is renoved
wokiobe14b7 | east a part of the lowk material iPCHKR2008/002531
region 109 between the edges is lineprocessed. In this
way, it is possible to mnimze resistance due to the
low-k material during a subsequent process using the
blade. FIG 12 is a diagramillustrating a structure
of a | aser processing apparatus according to a fourth
enbodi nent of the invention. The | aser processing
apparatus according to this enbodi nent includes a
first beamsplitting unit 172, a second beam splitting
exepplified174, and a third beamsplitting unit 176. The
first beamsplitting unit 172 splits a | aser beam
eni thish FiGoide and 13hser diggreray Blusthing msteuctipeootiarheam spligting unit that
| aser beans, and the second beamsplitting unit 174
splits pllaserdeam fritq tsvo usiag & prise arfn éhs tuettref thobramtselitting unit inskides a mirror
splitting unit 174 into two | aser beans to irradiate
#1 @ﬂB thay Iréflects adaser tvermns powm oodhle 262 hetsplifs thchlgser beapy eflected on the
subject region. The third beamsplitting unit 176

mirop# i(2¢) ateseoomd ainagen 2 2@y thetreflacts theflasonbeame sl intottwb bthe prism

splitting unit 172 into at | east two | aser beans so as
modute 302r adi ate the split | aser beans between the edges
of the renoval subject region. The | aser beans that
ar e lqot, ithe nirro 1t (@01 ) lalfowsvelasee beanito the intidsytion tthel prigm unmidtile 202, and
174 are irradiated onto the edges of the subject 14
the primronngéule P2 dliows thertivo laser Hedma malit bh ¢hedpasis ofthe arysipanent & become
serving as a condensing lens. At the sane tinme, the

symin@afeal tb eaditieh atTha heirrsi#2i (R03)Rbstrold anl dpdcd ativvof thy latdh ®eam emitted
third beamsplitting unit 176 are irradi ated between -

front i peiggesodafe 200 sudtiihptatid oftidalt dxfsafaiie hdee b&aC bBirOMEs lidtiesntal to an
11 and the optical system 13, and the split |aser

optitt axis oftheclastt baangiacidén omthd nfigeit#1qRO N et tHeddsert leard that is reflected on
processing direction. For this purpose, the interval

the iRionER1203)licintiddhesn dneteEbetih 3plitiigamt pi hmirrolyl Otahd1isecond
beam splitting unit 174 is controlled to be the sane

?ﬁ eUttEeXMr@Iefbeéctfbﬂsﬁoﬂ tBET e | besbdiheiCdre kb ithe HebthisP@fing unit is as
shown in FIG. 13B. The interval between the two semicircular laser beams may be changed
according to a refractive index of the beam in the prism module 202

.Meanwhile, FIGS. 14A and 14B show the case where a laser beam is split into two laser
beams by a beam splitter. In this case, the beam splitting unit includes a beam splitter 211, a
polarizer 212, a mirror #1 (214), a mirror #2 (215), and a polarized beam splitter 213. The beam
splitter 211 splits an incident laser beam into two laser beams, and the polarizer 212 converts a
polarization characteristic of a first laser beam that is reflected on the beam splitter 211.  The mirror
#1 (214) reflects a second laser beam that is transmitted through the beam splitter 211, and the mirror
#2 (215) reflects the second laser beam that is reflected on the mirror #1 (214). The polarized beam
splitter 213 reflects the first laser beam whose polarization characteristic is converted by the polarizer

212 and transmits the second laser beam that is reflected on the mirror #2 (215).
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at least two | aser beans that are emtted fromthe
third beamsplitting unit 176 are controlled to be
wa@eeoakgsd’ bet ween the two | aser beans, which aP@I/KR2008/002531
emtted fromthe second beamsplitting unit 174. The
first beamsplitting unit 172 that splits the |aser
beamemtted fromthe | aser generating unit 120 into
two or the second beamsplitting unit 174 that splits
the first laser beamenitted fromthe first beam
splitting unit 172 into two may be configured using
the optical system 12 shown in FIG 4 or the beam
splitting unit sho in FIGS. 13 and 14. Fyrther, the .
t hi reP FeEReIsep ,%ﬁ#@%@@%@%ﬁ%@ g dfRpe unitis as
| aser beamemtted fromthe first beamsplitting unit .
showp s FIG: i+ and e witeryalbetyvesp thedwie dasen bsarpeaay s Gentralisy by shanging the
of the beamsplitting units shown in FIG 4 and FI GS.
locallsn?fdhellen'fab%?o&b@ng to the nunber of split |aser beans.
Hereinafter, a structure of a beamsplitting unit that
spl | @lsconrse.ameoptigabans ol leser hesm tharie emeted fromythe/palarized beam splitter
beexenplified. First, FIGS. 13a and 13b are diagrans
213ji3 qontselied suchdhag the pptirek axisds prrallgl th e aptisgllaiis of slgsen bam ingidant on the
splits a |l aser beaminto two using a prism In this
beamysplifist 2le, the beam splitting unit includes a nmirror #
1 (201) that reflects a | aser beam a prism nodule 202
t hatTheppolarigert HE mays be abpdanzerethiteeomeaits dworizdmeallyrilineap rpolarization (P
#1(201) into two, and a mrror #2 (203) that reflects
polarizaiohpistor veliiallyslinear polarization (8 wolatigatior).eand thespolanzetlibeam splitter 213
202. Here, the mrror # 1 (201) allows a | aser beamto
maydie a pobirizbdrbean splitterahab trarsmits1B gol brizak@2ind eaficets $polgpizatiom
nodul e 202 allows the two | aser beans split on the
~ basiHG8{15had d 6B aregseeplbry tviews dlbusteating g beaat splitiag utittha aplits a laser
other. The mrror #2 (203) controls an optical axis of
beamlrgo theeger beam emitted fromthe prism nodul e 202 such
that the optical axis of the |aser beam becones
. hor ilz drtbedm tsittang ueip hdcomingax ihis eafbodiment] Dlaer bdageissplit into two using
incident on the mirror # 1 (201), and the |aser beam
a beathaplities aridadnk @€ the Gw® split ager bedntisds splitadatQoh twé udimCd phshi.  After all,
on another beamsplitting unit or mrrors 10 and 11.
the beam splitting unit splits the laser beam into three.

Referring to FIG. 15A, the beam splitting unit includes a beam splitter 221, a polarizer 222,
a prism module 223, a mirror #1 (225), a mirror #2 (226), and a polarized beam splitter 224. The
beam splitter 221 splits an incident laser beam into two laser beams, and the polarizer 222 converts a
polarization characteristic of a laser beam that is reflected on the beam splitter 221. The prism
module 223 splits the laser beam whose polarization characteristic is converted by the polarizer 222
into first and second laser beams. The mirror #1 (225) reflects a third laser beam that is transmitted
through the beam splitter 221, and the mirror #2 (226) reflects the third laser beam that is reflected on
the mirror #1 (225). The polarized beam splitter 224 reflects the first and second laser beams that
are emitted from the prism module 223 and transmits the third laser beam that is incident through the

mirror #2 (226).
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An exampl e of sections of the |aser beans that are

split by the beamsplitting unit is as shown in FIG
wQa3®9/0143e7 i nt erval between the two sem circul aPCT/ER2608/002531

beans may be changed according to a refractive index

of the beamin the prismnodule 202. Meanwhile, FIGS

14A and 14B show the case where a | aser beamis split

into two | aser beans by a beamsplitter. In this case,

the beam splitting unit includes a beamsplitter 211,

a polarizer 212, a mrror # 1 (214), a mrror #2

(215), and a polarized beamsplitter 213. The beam

splitter 211 splits an_ incident |aser beaminto two .

| as efn grarple, of ssstonspbthe s brgnes that are splis Ry the beangsplitting unit according

ol ari zation characteristic of a first |aser beamthat
to this embgdiment dtaoshovndn e 3| The egfractive indpk of therprism module 223 is

(214) reflects a second | aser beamthat is transmtted
contrgfled Lig Hadiuste thg eiatervab betiveer thR1first anvllsachrdd taserrpam#2 Wipargihile, the

reflects the second | aser beamthat is reflected on
arrangesent of the pfisth Rduly 223 he conditolied oeallobe tn tep| laset deangs1® become

reflects the first |aser beam whose pol ari zati on
sympiefiicalctb esachs other. | $hecloration o€ thebyinoh#2 (26 pmay be cait@llehtd adjust the

transmts the second | aser beamthat is reflected on
locatibreofitherthiad lagéPbdah. 15) . An exanpl e of sections of the

first and second | aser beans in the beamsplitting

uni tini this asises lhavpolativeF 1202 #Bbe angolirirer that esnwailts hefizop@lly linear

the two | aser beans may be controlled by changing the

 poldriaatiah (Popolatationpint vertioallyAiRed: plazati& (Spokiigeon)and dpipolgtted beam

axis of a laser beamthat is emtted fromthe
splitped D28 et apehtiralbearh bstitterdHad trirSmitoP polaizath add elfiedtd®rpolarization.
the optical axis is parallel to an optical axis of a

* FIGK A and & 6B aileRRérAlsla views st faabaf sphittiy und at splitke laser beam into

pol arizer 212 may be a pol arizer that converts
fouhori zontal ly linear polarization (P polarization) into
vertically linear polarization (S polarization), and

t he I eisdniboeihdae oo 18set beainfi sphillifito oY 148€ bRarflsibiriaZfishn, and each of
beam splitter that transmts P polarization and

the tw@fshiRQdsér bRl 3plit b tvi laseFbdaiPs udifda Bath shftBr.ar hat is, one laser beam
exenplary views illustrating a beamsplitting unit

is splitiado f&R ldsérbedind, aser

Referring to FIG. 16A, the beam splitting unit includes a prism module 231, a beam splitter
232, a polarizer 233, a mirror #1 (235), a mirror #2 (236), and a polarized beam splitter 234. The
prism module 231 splits an incident laser beam into two laser beams, the beam splitter 232 splits each
of the two laser beams split by the prism module 231 into two énd reflects and transmits the split laser
beams, and the polarizer 233 converts polarization characteristics of first and second laser beams that
are reflected on the beam splitter 232.  The mirror #1 (235) reflects third and fourth laser beams that
are transmitted through the beam splitter 232, and the mirror #2 (236) reflects the laser beam that is
reflected on the mirror #1 (235). The polarized beam splitter 234 reflects the first and second laser
beams whose polarization characteristics are converted by the polarizer 233 and transmits the third

and fourth laser beams that are incident through the mirror #2 (236).
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beaminto three. In the beamsplitting unit according
to this enbodinent, a |laser beamis split into two
waiginglaobeam splitter and one of the two spl i PCT/ER2008/002531
beanms is split again into two using a prism After
all, the beamsplitting unit splits the | aser beam
into three. Referring to FIG 15A the beam splitting
unit includes a beamsplitter 221, a polarizer 222, a
prismnodule 223, a mrror # 1 (225), a mrror #2
(226), and a pol arized beamsplitter 224. The beam
splitter 221 splits an incident |aser beaminto two
| aser beans, and the polarizer 222 converts a _ . . .
pol a¥ exampls f sertinng ef the faser peams thapare splibby the hesm splifting wnit according
. reflected on the beamsplitter 221. The prism nodul e
to thisxanbodintentis anghowade FIGhd 6B wHisdeiersals bytweoass thefist to fourth laser beams
characteristic is converted by the polarizer 222 into
mayfherchangad Hy sentolidg fhegefractiesandsx of the prism mandulg 231 ppthe prrangement of
reflects a third | aser beamthat is transmtted '
the mivroo 42 K236 e Qfeawrss ph bpticalraxB2f the lasebeamdhatiis reflecteg 2n the mirror #2
(226) reflects the third |aser beamthat is reflected
(236 i patabicl g anropticattaxis df 2 2469r.beabh thatgoineidént emithbpism 2331 i t t er
224 reflects the first and second | aser beans that are
em tAsesiicl, rionhi$ beeptiohsthe tasehbeem 2Bt amdplitriatostmiothy théieecond beam
third | aser beamthat is incident through-the mrror '
splitthal (2264 ardirradicediphte thefedges Gefeotod 006f HiGel 1Ba stithe proeassing region, and
that are split by the beamsplitting unit according to

the Inder Beaerstiled rempiit fiits tvecstounby therthiFdl @amIspEsingTtret 176 are irradiated onto

refractive index of the prismnodule 223 is controlled
the foptions [reit tot10e of FIGe 1 V) bebetithe Bddeb of the pretessimgiregion. o richerefore, in a
| aser beans. Meanwhile, the arrangenent of the prism

state Witk Be B3k nBitegialis pritharitdreh@ved hsiiy atlaser boam dnd sier voheanaf the laser
to become symmetrical to each other. The | ocation of

bearh RGed¥icéd, D& rdhairim6v-KTBiterAbcat GO tdsiDy) tepdvddaisiagh bladie. t he
| ocation of the third |laser beam In this case, the

pol @atl7 8f thé PastiBNodRs 20D PN3r dnd 31 i@ breaRed By the beam splitting units
hori zontally linear polarization (P polarization) into

showi€ it FIG! 13, 115] sle¥6 @8y B¢ eonobednof (apaft@f adanglir [@ists, adddn example
the pol arized beam :
thereof is shown in FIG. 17.
FIGS. 17 to 19 are diagrams illustrating the concept of splitting a beam by a beam splitting
unit using a prism.
First, FIG. 17 is an exemplary view illustrating the prism modules 202, 223, and 231. In

this case, each of the prism modules includes a first prism 301 that splits an incident laser beam into

" two and a second prism 303 that changes directions of the laser beams split by the first prism such

that the laser beams are parallel to each other.

A folding angle of éach of the first and second prisms 301 and 303 is preferably set to 120
degrees.

In this prism module, if the interval D between the first prism 301 aﬁd the second prism 303

is controlled, the sizes of the two split laser beams may be adjusted. If an optical axis X of the
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splitter 223 may be a pol arized beam splitter that
transmts P polarization and reflects S polarization.
WO-@B%01486A and 16B are exenplary views ill ustreCT/Rg2@8/002531
beam splitting unit that splits a |laser beaminto
four. In this enbodinent, one |aser beamis split into
two | aser beans using a prism and each of the two
split laser beans is split into two | aser beans using
a beamsplitter. That is, one |laser beamis split into
four |laser beans. Referring to FIG 16A, the beam
splitting unit includes a prismnodule 231, a beam
splitter .232, olarizer 233, a m.rror, # 1 (235),, a
secopgl prisg 3037 Qd%%’; thepigrval betyyesp 312 S0P FUHARE F’é? g%@&vged-
The prism nodule 231 splits an incident |aser beam . _
i nt 318 Saad &2 arp diagrams HlngrairgLhs sisTvak hetyeen the spliy peams depending on
each of the two | aser beans split by the prism nodule
the iptgnval between the P r ef | ects and transmits the split
| aser beans, and the pol arizer 233 converts . .
pol diistz BIG. d8 shovey the ease whete dke sseondljprism 385 iptaiesdiys @ng fgdimes in a
beans that are reflected on the beamsplitter 232. The
clockvise directiorg (235) reflects third and fourth |aser beans
that are transmtted through the beamsplitter 232,
and When the ontieal axes of the §yst andfseaord Brisms 301 ansie03 plignyagihether, the laser
is reflected on.the mirror # 1 (235). The polari zed
bearbethahasgrplittbyehe (28 mefulesnt inciddmeorf 4 contensing lessin@mpdralle] siete and then
beans whose pol arization characteristics are converted
condepsetihgoppdicami zAs a R3@L, theatfTeat afisphiting a béaen ¢anhotde abtdined. Therefore,
fourth | aser beans that are incident through the
in thi invention the (RBpncAnangesanfiedwo fplis basdr beanss apf chahged kst the interval
beans that are split by the beamsplitting unit
betvaercthe shltbeats. t hi s enbodi ment is as shown in FIG 16B
The intervals between the first to fourth | aser beans
may Hi@. dHashges they casomivhand Ithen gecotnk prissh rratetes \fve i andeten dimes in a
the prismnodule 231 or the arrangenent of the mrror .
courf@cloddage. dir€tion.our se, an optical axis of the |aser beam
that is reflected on the mrror #2 (236) is paralle
t 0 aw capbe seh frami AGSS 18andd 9gf thh eaond prizm 308 is maiuttlyrddjusted along
- the prism231. As such, in this invention; the |aser
the dpéediaxi$ K ahe iterabigtvwden thettwo sphiolatey bdatne cadechshgbkam

Hereinafter, a laser processing method using the laser procéssi'ng apparatus according to the
fourth embodiment of the invention that has beenrdesc’:ribed above will be described.

FIG. 20 is a flowchart illustrating a laser processing method according to a fourth
embodiment of the invention.

First, processing parameters are set by the input unit 140 (S401). In the processing
parameter setting process, the processing parameters are registered in a predetermined menu
according to the kind or prqcessing type of the processing subject and stored in a storage unit 160.
Then, the processing parameter setting process can be easily performed by selecting from the menu,
if necessary. At this time, the locations of edges of the low~k material in the removal subject region,

the interval between the edges, and output power of laser beams are set as the control parameters.
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splitting unit 174 are irradi ated onto the edges

(refer to 107 of FIG 11B) of the processing region,
w@arwInhsot aser beans that are split into two tRPCT/ERRONBYI2531

the third beamsplitting unit 176 are irradiated onto

the portions (refer to 109 of FIG 11B) between the

edges of the processing region. Therefore, in a state

where the lowk material is primarily renoved using a

| aser beam and the volune of the |aser beamis

reduced, the remaining lowk material can be easily

renoved using a bl ade. Each of the prism nodul es 202,

223, .and 231 that are used.in th eam splitiing units .
shpmﬁ? PropeSRg pajgnetopsare Splady faF&f?*mﬁ%caE Ysdie Hg“%f_%ls adjusted
by ol PR S0 130 e b 3 Gl (ot feh T ikt miror 10 i

illustrating the concept of splitting a beam by a beam
comppsie! tof janRpLygAR tmigres, %rstpmargaw%pma@f ,atg frcepstaptyspesd ggording to the

| ustrati] ng[ t he prism nodul es 202,

exenplary view jl ,
pwdgtzgelmmégmwe@dq e eongralunit 140 eperales therdags moyig g | B dsmove the

includes a first prism301 that splits an incident ., .
5  subjeeiddrin paendeiempined &@otmo(fca exapplpdlifsetion ppREsHE thaprocessing direction
~changes directions of the |aser beans split by the
whefe alaser hepindhirradiated ertiza subjeet) (S498r beans are parallel to
each other. A folding angle of each of the first and
secdiven foignthe 3@ vemend of @ shbjeqy issos essiitipl, Hhe subjegtoio moved to the
degrees. In this prismnodule, if the interval D
diretsion wpresitet th the processing dirashiorg the peonessingispeertaan helingieissdn 303
is controlled, the sizes of the two split |aser beans )
may Tien, s jJasesteam. thét ia remotedi when - epuirelling 8 lpdge gensoiing unit 120 is
3 prism 303 is adjusted, the interval between the two
10 prinmplyisplitlbg therfird beanrssplittiyg et 178 sand then inidGSon the seeaod 1a@r baam splitting
diagrams illustrating the interval between the split
unit bh&band tiebalietiekenig-amrsplitties unittl @6 (8dD7)bet ween t he pri sms.
First, FIG 18 shows the case where the second prism
303 Tihetfindt ¢xserfbiewrn thatds gpinint StepeSA407rs split again into two laser beams by the

second laser beam splitting unit 174 (S409-1) and then incident on the two edges of the removal
subject region (S41 1-1). The second laser beam that is split in Step S407 is split again into at least
15 two laser beams by the third laser beam splitting unit 176 (S409-2) and then incident on portions
between the edges of the removal subject region (S411-2). .
| Therefore, the edges of the removal subject region and the low-k material formed between
the edges are simultaneously removed by the split laser beams (S413).
In the above-described embodiment, the laser beam is primarily split and each of the split
20 Jaser beams is secondarily split, thereby removing the low-k material. However, the invention is not
limited thereto and various changes band modifications can be made.

That is, instead of primarily splitting a laser beam, two laser generating apparatuses may be

FIG. 21 is a diagram illustrating a structure of a laser processing apparatus according to a
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cl ockwi se direction. Wen the optical axes of the
first and second prisns 301 and 303 align each other,
wo b@oloaser beans that are split by the prism nPCUUK&2@86002531
incident on a condensing lens in a parallel state and
t hen condensed as one beam As a result, the effect of
splitting a beam cannot be obtained. Therefore, in
this invention, the divergence angles of the two split
| aser beans are changed to adjust the interval between
the split beanms. FIG 19 shows the case where the
second prismrotates five and ten tines in a
countercl gckw se direction. As can be seen from FI GS.
fifthpg eniepf theanvepfions econd prism 303 is minutely
adj ysted al ong.the optical .axis X, the interyal o
bet wEFSEEoE BSBPArA1US Age0edingylo A3 crabadrpRat {olpigs @ first beam splitting
_Hereinafter, a |aser processing nethod using the |aser
unitd 86 aredsa sasepddisprarsplitting WédS2-di H@%Sbbe@wphts@g it 180 splits a laser beam
- enbodi nent of the invention that has been descri bed
emitigsfiaan {hielfirst keer geresyting aait 130 igo two andsiradiatpsofie bl laser beams onto the
illustrating a l'aser processing nethod according to a
edggsel the eregvibwibinet megiont Eh@ec@d@mm splittingjupié {82 splits & faseribaam emitted
paranmeters are set by the input unit 140 (S401). In
from the sprood bserigaaeraiag am 1 3 intet ddasi gwe prastisradiates the split laser beams onto
processing parameters are registered in a
portiongrswesnthicredges wbtheremovdsdijevgregiont he kind or processing
type of the processing subject and stored in a storage
uni tThe@bre, Theclaser bérensphad esplitnigtopgap dyeheefirstsleam; sphitting unit 180 are
process can be easily performed by selecting fromthe
irrachaetiuonté thervdgessafahey subfet tsthsough the, firstheirton t¢@ndtis opfical system 13
edges of the lowk material in the renoval subject
serving@s the cotdensingitmes: v Ak thb edmwetime, thedasedgass thatale split fntot at least two by
power of |aser beans are set as the control
the spemd iredne spgitting ubih B82prcicedisedhantqothe portidns betwaenahealged afthelsybject 14
set, the location of the first mrror 10 is adjusted
throtgh thégecbridr mirroril t amak thel opticalrsgstemil 3, ahd theaplit lased eawms afeearanged in a
is emtted (S403). Wien the first mrror 10 is
direction vertical to a processing direction.

The principle of splitting a laser beam into two, three or four is similar to that shown in
FIGS. 4, 13, and 16, which has been described above, and thus the detailed description thereof will be
omitted.

FIG. 22 is a ﬂowchaﬁ illustrating a laser processing method according to a fifth
embodiment of the invention. |

In order to process the subject using the laser processing apparatus shown in FIG. 21, first,
processing parameters are set by the input unit 140 (S501). In the processing parameter setting
process, the processing parameters are registered in a predetermined menu according to the kind or
processing type of the processing subject and stored in a storage unit 160. Then, the processing
parameter setting process can be easily perfonnea by selecting from the menu, if necessary.

If the processing parameters are completely set, the locations of the first and second mirrors
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conposed of a polygon mrror, the first mrror 10
rotates at a constant speed according to the
w@e@detsrm ned rotation speed. The control uniPCI/KR2008/002531
operates the stage noving unit 18 to nove the subject
14 in a predeterm ned direction (for exanple,
direction opposite to a processing direction where a
| aser beamis irradiated onto a subject) (S405). Even
t hough the novenent of the subject is not essential,
if the subject is noved to the direction opposite to
the processing direction, the processing speed can be
i ncreased. Then, a laser beamthat is emtted when
10 gnginklr ¢ pdiwged: byethe St andosepnnd apirrargdriving units 39 andok32raad ithe, first and
split by the first beamsplitting unit 172, and then
secqrd dasgrdwampire ethibted €S58 an<h§f@6-2bea exysiach afithecfirstiand se¢an mirrors 10
and the third | aser beamsplitting unit 176 (S407).
and T &s fompased efsapolygoamitrbiaeach gnigpt jotates at Srensta@4Peed ascording to the
split again into two | aser beans by the second | aser
predsteamineiotation spgediniThe tahtrol @A0IJ0 dperaterthe stage movingientt] 8dmmove the
the two edges of the renoval subject region (S41 1-1). _
subj¢tel 4siv aometletearsined Higetiont (fart exammpls pdirettidnropBositp t54 Pocessing direction
split again into at |least two | aser beans by the third '
wherexslaser beaens syatliated omiga subject) (S665X S409- 2) and t hen
i ncident on portions between the edges of the renoval
subjEeh thorgh the njdS4rherdt-o? Yhe stibjedt éf mut esseiitiat ifetlg awbjeof istnhed to the
renoval subject region and the |owk material formed
dirett@hwppitd th theggesing dizectibn) tHe prsoesiug kpeed ey édrelyed.t he
split laser beanms (S413). In the above-descri bed
enmb dihieneridser Hehid thatlis emitted &oinitike frstilaardeherativp hihit 120r¢lsptieiatd two by
of the split |aser beans is secondarily split, thereby
the fistBRsmglittifpeuritol80 KSI0AL1 ahdthe spid WestHeams € irclid@dhit twoSdges of
not limted thereto and various changes and
the membivhl subjaco regiona®50% 1 radie lablrabeairs thai Bsédigted dfom the second laser
primarily splitting a | aser beam two |aser generating
gend@@pgrait USPR spltVintb &t le@efhvo by the second beam splitting unit 182 (S507-2) and the

split laser beams are incident on the portions between the edges of the removal subject region (S509-
2).

~ Therefore, the edges of the removal subject regions and the low-k material formed between

| the edges are simultaneously removed by the spiit laser beams (S511).

In this embodiment, the first and second laser beams are simultaneously emitted, but the
invention is not limited thereto. That is, the first laser beam is emitted to remove the low-k material
of the edges and then the second laser beams is emitted to remove the Iow—k material between the
edges.

Meanwhile, in the fourth and fifth embodiments of the invention, each of the first and
second mirrors 10 and 11 may be composed of a polygon mirror. In particular, it is preferable to
control the number of reflection surfaces, such that the aperture of the laser beam covers a plurality of

reflection surfaces of the polygon mirror.
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FIG 2 1is adiagramillustrating a structure of a
| aser processing apparatus according to afifth
werodi4sent of the invention. The | aser procesBCTIER2008/002531
apparatus according to this enbodi nent includes a
first beamsplitting unit 180 and a second beam
splitting unit 182. The fist beamsplitting unit 180
splits a laser beamenitted fromthe first |aser
generating unit 120 into two and irradiates the split
| aser beans onto the edges of the renoval subject
regi on. The second beamsplitting unit 182 splits a
| aser beamem tted fromthe second | aser eneratln
uni tThedeasen hepmy issgplit igtest leaspupnand tve daser bgarasthergel ated onto the
| aser beanms onto portions between the edges of the
edgesanftheabmeabsubiset re@en @ theTitler biseybeams dneiriadigied ome thegegion between
that are split into two by the first beamsplitting
the edges ofl 86 remeval subgedi mgiew dnitlos tdse, dudges sulfsequent prodspseintwhich the
14 through the first mrror 10 and the optical system
rem3iBing dow-k maptezigl is prenpieield emmivedy itliepessiblato mnemige pleysicil resisting power
the | aser beans that are split into at |east two by
duettt the dese-mantasiabh mIbgrefores it isgpossible tm@manaareexcclimﬁprate@mgmamctcnsuc
the portions between the edges of the subject 14
andprocessiggspebe second mirror 11 and the optical system
13, and the split |laser beans are arranged in a
di r dewillde apeardnt toethost skilied i the e fiatwpridus readifications aikkchanges may be
principle of splitting a |aser beaminto two, three or
madeowithdus depaftingafiorh ahd bavpe sihd wpirit of ieCaverdion. 1 3Theadfiste, 1i6 ,should be
whi ch has been described above, and thus the detailed:
undeteisad thittheoabotdeniedimentslake dve limitative calit illbdt@tivela all aspacts.  The scope
flowchart illustrating a | aser processing nethod
of tied@ehtibnrigddfidedbyf thé dppereied cldimyRaher @fan b theidesediption Precediny them, and
order to process the subject using the |aser .
therEfoR QR SkHnpE aB@ RRUifitAidnsT ¥l Withinthébes add bountl# Sftthe claims, or equivalents
processi ng paraneters are set by the input unit 140 :
of stichmidtes and BouhdRrdth@cRShttdePba BRbREdDS id di@mfr OCeSS,
the processing paranmeters are registered in a
predet erm ned nenu according to the kind or

INDUSTRIAL APPLICABILITY

According to the invention, even though the structure of the optical system is greatly
changed in the case where the low-k material is removed using a laser beam, the remaining low-k
material is removed after removing the edges of the low-k material in the removal subject'region,
which improves the processing speed and productivity. |

Further, a laser beam is split into twb or more laser beams to remove the edges of the low-k
material and the low-k material between the edges is simultaneously removed by a plurality of laser
beams, which further improves processing efficiency of the subject. |

Meanwhile, a laser beam is split into at least four laser beams, and two laser beams thereof
are irradiated onto the edges of the removal subject region and the other laser beams are irradiated

onto the region between the edges of the removal subject region. In this case, during a subsequent
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processing type of the processing subject and stored

in a storage unit 160. Then, the processing paraneter
W@ eiwingopr ocess can be easily perforned by sePEUKRa@S/002531

fromthe nmenu, if necessary. If the processing

paranmeters are conpletely set, the |ocations of the

first and second mrrorsl0 and 11 are adjusted by the

first and second mirror driving units 130 and 132 and

the first and second | aser beans are emtted (S503-1

and S503-2). Wen each of the first and second mirrors
10 and 11 is conposed of a polygon mrror, each mrror

rotates at a constant speed according to the. . o
progspseif avhighnihe aamaigrgiondh mejsaelds corpletely Aerneed, if ist possilde to minimize
: operates the stage noving unit 18 to nove the subject
physical resistinggrosige duer tRithedawd 1agierial. o nTherelire, dhis ppspible to obtain an excellent

‘direction opposite to a processing direction where a
prodegsingichayeciamisiicant] p preessingspeesht o a subj ect) (S505). Even

t hough the novenent of the subject is not essential,

if the subject is noved to the direction opposite to

the processing direction, the processing speed can be

i ncreased. Then, a laser beamthat is emtted fromthe

first laser generating unit 120 is split into two by

the first beamsplitting unit 180 (S507-1), and the

split |laser beans are incident on the two edges of the

renmoval subject region (S509-1). The | aser beamt hat

is emtted fromthe second | aser generating unit 122

is split into at |least two by the second beam

splitting unit 182 (S507-2) and the split |aser beamns

are incident on the portions between the edges of the

renmoval subject region (S509- 2). Therefore, the edges

of the renoval subject regions and the lowk materia

formed between the edges are sinultaneously renoved by

the split laser beans (S5 11). In this enbodi nent, the

first and second | aser beans are sinultaneously

emtted, but the invention is not limted thereto.

That is, the first laser beamis enmtted to renove the

lowk material of the edges and then the second | aser

beanms is emtted to renove the | owk material between

t he
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edges. Meanwhile, in the fourth and fifth enbodi nents
of the invention, each of the first and second mrrors
waooakdi3dl may be conposed of a pol ygon m rr orPCT/KR2008/002531
particular, it is preferable to control the nunber of
reflection surfaces, such that the aperture of the
| aser beam covers a plurality of reflection surfaces
of the polygon mrror.The |laser beamis split into at
| east four and two | aser beans thereof are irradi ated
onto the edges of the renoval subject region and the
ot her | aser beans are irradi ated onto the region
bet ween the edges of the r val subject region. In
this case, during a subse process i n which the
renalnln? lowk material is conpletely renoved,
possk- biAe1a6es PrACASSIHE 2BPFsHyssthatairogessss §t511lil§3t eBWdicher, @erb material is
the lowk material. Therefore, it is possible to
fornasigs the Jases Aroesseieg IDBARILYPERESEENg char act eri stic and
processing speed. It will be apparent to those skilled
i n tadlescngeneraigmiy tef canits a lseribraeiaind ons and changes nay
be made w t hout departing fromthe scope and spirit of
t he anppiiesl system th spliss the laser beans pwitted v thinlaser eenswHing witinto two
the above enbodinents are not limtative, but .
and jirvadiates tha spliy lasar heagmsionipdhsesbisct, The scope of the
invention is defined by the appended cl ai ns rat her
t harwheyein the optieslcaystern iinpiudps @ pastivfregndensing lensesiingwidehegub susfaces that
all changes and nodifications that fall wthin netes
are andt dprdademotd tivene] fainmseniralraxesyioi be gplarabi¢l $o the centmhaxge tantact with
and bounds are therefore intended to be enbraced by
each dtbercindi ms. | NDUSTRI AL APPLI CABI LI TY According to the
i nvention, even though the structure of the optica
sy s tteninfesvalgretath the thaspijeldser beatrs s thamme\ak e entdrved bdtawenkwo edges
material is renoved using a | aser beam the renmining -
of thedow-k matetrialrin ateniosal sep@tegdionf t er renovi ng t he edges of
the lowk material in the renoval subject region
whi ch inproves the processing speed and productivity.

2. The laser processing apparatus of claim 1,
wherein each of the laser beams that have passed through the optical system is‘ shaped to

have an elliptical shape by a cylindrical lens, before being irradiated onto the subject.

3. A laser processing apparatus that processes a subject on which a low-k material is
formed, the laser processing apparatus comprising: |
a laser generating unit that emits a laser beam;

a beam splitting unit that splits the laser beam emitted from the laser generating unit into

an optical system that splits a first laser beam split by the beam splitting unit into two, such
that the interval between the two split laser beams is the same as the interval between two edges of the

low-k material in a removal subject region, and irradiates the split laser beams onto the subject; and
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Further, a |aser beamis split into two or nore | aser
beans to renove the edges of the |owk material and
wo b@oloowsek nateri al between the edges is sinul PEIBER@BP02531
renoved by a plurality of |aser beans, which further
I mproves processing efficiency of the subject.
Meanwhi l e, a |laser beamis split into at |east four
| aser beans, and two | aser beans thereof are
irradi ated onto the edges of the renpval subject
region and the other |aser beans are irradiated onto
the regi on between the edges of the renoval subject
regioa In this_ case, during a supsequentprocess i.n
 whi ERe heleReRes AgeqoBdhiarer hewa spl by jthe Regipspldiing ypit and allows the
renoved, it i s possible to mnimze physical resisting
secqpe e Desieloths IKaeR G et kel befse g 0 odees. |
possi bl e to obtain an excellent_ processing . )
c harvdeteit the pptisalapisier prebidesa painolsprdegsing lapseainwhich qubsistaces that
processi ng apparatus_ that processes a_subject on which ‘
are gt jabspiedetermined distancs o aniral axpetol by parallel e e septighyaxes contact with
apparatus conprising: a |laser generating unit that
eaclepipdrs a | aser beam and an optical systemthat splits
the | aser beamemtted fromthe | aser generating unit
into two and irradiates the split |aser beans onto the
subj ect, wherein the optical systemincludes a pair of
condendhelgser prosassing appavhtusdf ckim 3sur f aces that are cut
at a predeterm ned distance fromcentral axes to be
par avlesdin groapethee ofthe saxbndieges beaomisdlat samietah the awtérva thhisvesn the two
and the interval between the two split |aser beans is
edgtshe same as the interval between two edges of the
low-k material in a renoval subject region. 2. The
|'aser processing apparatus of claim1, wherein each of
the | aser beans that have passed through the optica
systenThslashppedsitgappastes efitlaihBj pti cal shape by a
cylindrical lens, before being irradiated onto the
Subjvéetein the beam splitting unit includes a prism module that splits an incident laser beam

into two.

6. The laser processing apparatus of claim 3,

wherein the mirror is composed of a polygon mirror.

7. The laser processing apparatus of claim 3,
wherein the mirror is composed of a polygon mirror of which the number of reflection
surfaces is controlled, such that an aperture of the laser beam covers a plurality of reflection surfaces

of the polygon mirror.

8. A laser processing apparatus that processes a subject on which a low-k material is

formed, the laser processing apparatus comprising:
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3. A laser processing apparatus that processes a

subject on which a lowk material is fornmed, the |aser
wEe@eessiIng apparatus conprising: a |aser geneP@El/KR008/002531

unit that emts a |laser beam a beamsplitting unit

that splits the |laser beamenitted fromthe | aser

generating unit into two; an optical systemthat

splits a first |laser beamsplit by the beamsplitting

unit into two, such that the interval between the two

split laser beans is the sane as the interval between

two edges of the lowk material in a renoval subject

region, and irradiates the spljt |aser beanms onto the
subj ,las%{rg@?@?flgl‘%?‘g%‘ﬁ%‘fts?léieé a second | aser beam

split b he beam splitting unit _and al] onws the second | .

| ase oséaﬁmmﬁbﬂ PSS i@ﬁ@%e%@@l% gO'P“d]IO& e Jspgepegping wnit into
bet ween the two edges, wherein_ the optical system

twoj syeh hafdhe intepyal betvren srivre st fger bewasels the sampasche intgeval between two

surfaces that are cut at a predeterm ned di stance from

- edgeseh the Jgw-k eterial in ayemeul subjest regign, ppdaliopt the gplit lses beams to be incident

contact with each other. 4. The | aser processing
onthgsphieddt us of claim 3, wherein an aperture of the

second | aser beamis the sane as the interval between

t he asprone kegs genertingrpnt thay swits lasseleossy gl appar at us of

claim 3, wherein the beamsplitting unit includes a

pr i snivied thaballoratthes Jaser teana wmiitisd ifpamthe [sepond ldss pendraiing unit to be

two. 6. The | aser processing apparatus of claim 3,
inawmqmttlhw-hmm@i&t‘seeodmse@e&f a polygon mirror. 7.

The | aser processing apparatus of claim 3,

wherein the optical system includes a pair of condensing lenses in which cut surfaces that

are cut at a predetermined distance from central axes to be parallel to the central axes contact with

each other.

9. The laser processing apparatus of claim 8,
wherein the second laser generating unit is driven the predetermined time after the first laser

generating unit is driven.

10. The laser processing apparatus of claim 8,
wherein an aperture of the laser beam that is emitted from the second laser generating unit is

controlled to be the same as the interval between the two edges.

11. The laser processing apparatus of claim 8,

wherein the mirror is composed of a polygon mirror.

12. The laser processing apparatus of claim 8,
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wherein the mrror is conposed of a polygon mrror of

whi ch the nunber of reflection surfaces is controll ed,
waeemb/oi43at an aperture of the | aser beam cover BCHKR2008/002531

plurality of reflection surfaces of the pol ygon

mrror. 8. A laser processing apparatus that processes

a subject on which a lowk material is fornmed, the

| aser processing apparatus conprising:a first |aser

generating unit that emts a | aser beam an optica

systemthat splits the |aser beamemtted fromthe

first laser generating unit into two, such that the

i nterval between, the t lif |laser beags.is the sa .
o CHREIT I YRR I SOBRHT 0 PEGUETGTOr OF Sy Bachutibet of efecton
material in a renoval subject region, and_al|ows the

surfagss jscconteplied; syshhag an apepiare oh ke dpeertbeasm covses aqlispliby: of reflection surfaces
second | aser generating unit that emts a | aser beam

of thgrpalygomminiopr t hat al | ows the | aser beamenitted from
the second | aser generating unit to be irradiated onto
the lowk material between the two edges, wherein the
optical systemincludes a pair of condensing |lenses in
whi df. cAtlassupioeassing apparatus ilast processas assupied datvatieh & low-k material is
di stance fromcentral axes to be parallel to the

forngedythe laser proesssiogapparetus eaninisingch ot her. 9. The | aser

processi ng apparatus of claim8, wherein the second
| as erlasgegeaeratinggit thai dmits g laderibeem; t he predeternined tine
after the first laser generating unit is driven. 10.
The d fastdaserreanephtiimgurapha splittithe dfserdiean mm8ted Womrthe laseagenerating
aperture of the laser beamthat is emtted fromthe
unitéeetwagl | aser generating unit is controlled to be the
- same as the interval between the two edges.

a second laser beam splitting unit that splits a first laser beam emitted from the first laser
beam splitting unit into two and irradiates the split laser beams onto two edges of the low-k material
in a removal subject region; and

a third laser beam sphttmg unit that splits a second laser beam emitted from the first laser
beam splitting unit into at least two and irradiates the splits laser beams dnto a region between the

edges of the removal subject region;

14. The laser processing apparatus of claim 13,
wherein the laser beams that are split into at least two by the third laser beam splitting unit

are arranged in a direction vertical to a processing direction of the subject.

15. The laser processing apparatus of claim 13,
wherein each of the first to third laser beam splitting units includes a pair of condensing
lenses in which cut surfaces that are cut at a predetermined distance from central axes to be parallel to

the central axes contact with each other.
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11. The |l aser processing apparatus of claim@8, wherein
the mrror is conposed of a polygon mrror. 12. The

WO 2®e01430Dcessi ng appar at us of cl ai m 8, wher ei NnPCTTER2008/002531
mrror is conposed of a polygon mrror of which the
nunber of reflection surfaces is controlled, such that
an aperture of the | aser beamcovers a plurality of
reflection surfaces of the polygon mrror. 13. A |aser
processi ng apparatus that processes a subject on which
a lowk material is fornmed, the | aser processing
apparatus conprising: a |laser generating unit that
emts a |laser beam a first |laser beamsplitting unit
that splits the |aser beamenitted fromthe | aser

gener at | unit into two, econd | aser beam

spl i ikﬁg%ﬁTFD?ﬁ%Eg%%W@@%ggimpggt | aser beamenitted

fromthe first |aser heamsplitti unit into twa and

|t 1 otk chiol ﬂzsﬁwo B&@@wﬁ%&wp&%% upifzncleigea pesm ippdule that

Jowk material jn a renoval subject region; and a
ﬂm@ﬁ?W@¢W§g§?bﬁ@éWF§ﬁpitting unit that splits a second

| aser beamemtted fromthe first |aser beamsplitting

unit into at least two and irradiates the splits | aser

beans onto a regi on between the edggs of the renoval

subjldet Thedgiepprocessing appaatpgefeliim 1 detdési ng appar at us of
claim 13, wherein the | aser beans that . are split into
at |vehesain qaglpofiihe firptdo thind lager begsesplitiagwnits picludest ng uni t
are arranged in a direction vertical to a processing
di r edirstorirerithat refecis Ayjieaident lasrbeing | aser processi ng
apparatus of claim 13, wherein each of the first to
t hi rarib@seaduls dabsphisithetlaserhgam mifleeted onthe distanisropatotwesfand
condensi n

asecond ?ninorthatreﬂects the laser beams split into two by the prism module.

18.  The laser processing apparatus of claim 13,
wherein each of the first to third laser beam splitting units includes a beam splitter that splits

an incident laser beam into two.

19.  The laser processing apparatus of claim 13 or 18,

wherein each of the first to third laser beam splitting units includes:

a beam splitter that splits an incident laser beam into two,

a polarizer that converts a polarization characteristic of a first laser beam reflected on the
beam splitter;

a first mirror that reflects a second laser beam transmitted through the beam splitter;

a second mirror that reflects a second laser beam reflected on the first mirror; and

a polarized beam splitter that reflects the first laser beam whose polarization characteristic

has been converted by the polarizer and transmits the second laser beam reflected on the second
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| enses in which cut surfaces that are cut at a
predeterm ned di stance fromcentral axes to be

w@a0aloleh7to the central axes contact w th eacPCT/KR2008/002531

ot her.16. The | aser processing apparatus of claim 13,
wherein each of the first to third | aser beam
splitting units includes a prismnodule that splits an
incident | aser beaminto two. 17. The | aser processing
apparatus of claim 13 or 16, wherein each of the first
to third laser beamsplitting units includes: a first
mrror that reflects an incident |aser beam a prism
.modul e that splits the |aser beamreflected on the

ML st mirror into two; and a second mirror that

reflects the |laser beans split into two by the prism
nodul e. - 18. The | aser processing apparatus of claim
13, wherein each of the first to third |aser beam
splid% | %GWP@WSW%W%"%’% $plitter that splits
an incident |aser beaminto two. 19. The | aser
prod@@@$®@wgwﬁﬁﬁ§@ﬂ@ﬁwgu@U@ﬂWFQS or 18, wherein each
of the flrst to third | aser beamsplitting units

i nclakeamspliterfbatplipn ncidont lpssplpeampntp two; and i nci dent

| aser bean1|nto t wo; ol ari zer that converts a

pol axnrisemaskledhassnlitsone 9&1@ laseplpeagps ppli ito tyva H) the peagpsplitter into two.
refl ected on the beansplitter; a first mrror that
refl ects a second | aser beamtransmtted through the
beam splitter, a second mrror that reflects a second
| aséH. bhelaseaprocassieghpparatihef chim 43 ordr ror, and a

pol ari zed beam splitter that reflects the first |aser
beamwherastbe thotl Aeanespliftioguwhiaeladss.er i sti c has been
converted by the polarizer and transmts the second

_Iaseﬂwmaadﬂbsthdmﬁmhumknﬂemﬂ@meMthxor.

-a polarizer that converts a polarization characteristic of the laser beam reflected on the beam

SPIittér; ,

a prism module thai splits the laser beam whose polarization characteristic has been

converted by the polarizer into first and second laser beams;

a first mirror that reflects a third laser beam transmitted through the beam splitter;
a second mirror that reflects the third laser beam reflected on the first mirror; and

a polarized beam splitter that reflects the first and second laser beams emitted from the

prism module and transmits the third laser beam incident through the second mirror.

22. The laser processing apparatus of claim 13,
wherein the third beam splitting unit includes:
a prism module that splits an incident laser beam into two; and

a beam splitter that splits each of the laser beams split into two by the prism module into
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20. The | aser processing apparatus of claim 13,

wherein the third beamsplitting unit includes: a beam
waEpivoien7 t hat splits an incident | aser beam i PCDKRM®S/002531

and a prismnodule that splits one of the |aser beans

split into two by the beamsplitter into two. 21. The

| aser processing apparatus of claim 13 or 20, wherein

the third beamsplitting unit includes: a beam

splitter that splits an incident |aser beaminto two;

a pol arizer that converts a polarization

characteristic of the |laser beamreflected on the beam

splitter; a prismnodule that splits the | aser beam

whose pol ari zation characteristic has been converted

by the polarizer into first. and secqnd | aser beans; a

fi r%q- n&?lﬁﬂﬁrﬁﬁﬁswpmdﬁﬁﬁﬁﬁsgaser beam

transm tted through the beamsplitter; a second mrror
thaﬂmFgﬁﬂgﬁﬁgdLﬁﬁl%ﬁ@ﬂ%mWégéFégean1reflected on the

first mrror., and a polarized beamsplitter that
refl%‘ﬁ’@@%@femwtséﬁﬂm’g%éﬁ%b%’é‘fo 8ans enmitted from

the prismpodule and transnits the third | aser beam .

i nciadeam splities ghsplits eachent dedassr bsaps spls jnto by the ppsm module into
processi ng apparatus, of claim 13, wherein the third

two lprdieflentst and tranggpitsivhe plif laser D#BYS; a pri sm nodul e t hat
splits_an incident |aser beaminto two; and a, pea
spl iapotsrizer fthat compits palagzation Wtﬁtsﬂ%é% fﬁgé?ﬁgn%gﬁfgém reflected

into two by the prismnodule into two.23. The |aser
onthybsemspglitiey appar atus of claim 13 or 23, wherein the

third beamsplitting unit includes: ) .
a first mirror that reflects third and fourth laser beams transmitted through the beam splitter;

a second mirror that reflects the laser beam reflected on the first mirror; and
a polarized beam splitter that reflects the first and second laser beams whose polarization
characteristics have been converted by the polarizer and transmits the third and fourth laser beams

incident through the second mirror.

24. The laser processing apparatus of any one of claims 16, 20, and 22,

wherein the prism module includes:

a first prism that splits an incident laser beam into two; and

a second prism that changes directions of the laser beams split by the first prism such that

the laser beams are parallel to each other.
25. The laser processing apparatus of claim 13, further comprising:

a cylindrical lens that shapes a sectional shape of the laser beam into an elliptical shape
before the laser beam is irradiated onto the subject.
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a prismnodul e that splits an incident |aser beaminto

two; a beamsplitter that splits each of the | aser
whe@amispt it into two by the prism nodul e i nt oPCTER2008/002531

reflects and transmts the split |aser beans; a

pol ari zer that converts polarization characteristics

of first and second | aser beans reflected on the beam

splitter; a first mrror that reflects third and

fourth |laser beans transmtted through the beam

splitter; a second mrror that reflects the | aser beam

reflected on the first mrror; and a pol arized beam

splitter that reflects the first and second |l.ase S

beard: wAJSE FORSEFIRg SREPEHHS dih PRETSSS iPuPed oyt lap-k material is

converted by the polarizer, and transmts the third and
fornped e laser ROEFSSIABAPRUR COIRISSt hr ough t he second mirror.

¢
24. The | aser processing.apparatus of any one of
cl ai f@?gﬂﬁﬁmﬁﬁwﬂggﬁeﬁﬁ%ggﬁﬁﬁﬁﬁé pri sm nodul e
includes; a first prismthat splits an incident |aser
bearf first psarvhsamaspliting yaie dietl splity 8 leser beash giied from the first laser
directions of the |aser beans split by the first prism
geneyeting unif ito tvyeeant drpdiates g daserheamsp onta pdash of sremgrd) segskregion of the
25. The | aser processing apparatus of claim 13,
lowtkypaterial atbetsidessi ng: a cylindrical |ens that shapes a
sectional shape of the |aser beaminto an elliptica
shapesetnat tases geneeatingwaivthas emits 4 laser paamgansk ed ont o t he
subj ect 26. A | aser processing apparatus that processes
a s et loer ehinchlitting wiit-that splitses $eaond laser brameanittedhizom the second
| aser processing apparatus conprising: a first |aser
laseyygemenating it ivtoiat leash &wo andi itradiages| theseplit logen hganss dnfor sstegion betveen the
beam splitting unit that splits the |aser beamemtted
edgdsrof the rdnaovhli sugject kegoar

27. The laser processing apparatus of claim 26,
wherein the laser beams that are split into at least two by the second laser beam splitting unit

are arranged in a direction vertical to a processing direction of the subj ect.

28. The laser processing apparatus of claim 26,
wherein each of the first and second laser beam splitting units includes a pair of condensing
lenses in which cut surfaces that are cut at a predetermined distance from central axes to be parallel to

the central axes contact with each other.
29. The laser processing apparatus of claim 26,

wherein eéch of the first and second laser beam splitting units includes a prism module that |

splits an incident laser beam into two.
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generating unit into two and irradi ates the | aser
beans onto edges of a renoval subject region of the
wo o9ki4sat eri al at both sides; a second | aser PCT/KR2008/002531

generating unit that emts a | aser beam and a second

| aser beamsplitting unit that splits a second | aser
beamemtted fromthe second | aser generating unit

into at least two and irradiates the split |aser beamns
onto a region between the edges of the renoval subject
region. 27. The | aser processing apparatus of claim

26, wherein the |aser beans that are split into at

| easg, t by the second |a .beam.gplitting unit are
arr :’r‘t(?g eiﬁﬁ? lﬁ%ﬁp@wwqu&{%?g?r@% a processing
directi on of e subject. 28. The | aser. prqcessing
appatisreiseash o %ﬁq$@¥g?“%H§F@ﬂﬁmﬁégﬁm¥ﬁm34%¥%ﬁﬁﬁst and
second | aser beam splitting units includes a pair of
condeignpgon et elects 49 WgpdepHae ReaByr f aces that are cut
at a predeterm ned distance fromcentral axes to be
par & Ariem moduleiat s thedaserberr reflspieden the ustmiggriptodve;gpd
29. The | aser processing apparatus of claim 26,

5 wheraseepnd gimror dhat refectsrhe laser beans splitpindwp R the pHem module.
splitting units includes a prismnodule that splits an

i nci dent |aser beaminto two.30. The | aser processing
apparatus of claim26 or 29, wherein each of the first
and 3 ecbhalasenpreesimgappaphs afclamg2@ni t s i ncl udes: a
first mrror that reflects an incident |aser beam a
pr i swheraiiescle of thefirssandisecond laser beape spliimg nmitsan¢ledss @ Heagnsplitter that
the first mrror into two;, and a second mirror that
splits esf ineidens lagdn bednaigtortwpeans split into two by the prism
nodul e. 31. The | aser processing apparatus of claim
10 26,
32. The laser processing apparatus of claim 26 or 31,
wherein each of the first and seéond laser beam splitting units includes:
a beam splitter that splits an incident laser beam into two;
a polarizer that converts a polarization characteristic of a first laser beam reflected on the
15 beam splitter;
a first mirror that reflects a second laser beam transmitted through the beam splitter;
>a second mirror that reflects the second laser beam reflected on the first mirror; and
a polarized beam splitter that reflects the first lasef beam whose polarization characteristic
has been converted by the polarizer and transmits the second laser beam reflected on the second

20 MitTor.

33. The laser processing apparatus of claim 26,
wherein the second beam splitting unit includes:

a beam splitter that splits an incident laser beam into two; and
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wherein each of the first and second | aser beam
splitting units includes a beamsplitter that splits

wa@poopsciddent | aser beaminto two. 32. The | asePCT/KR2008/002531

processi ng apparatus of claim 26 or 31, wherein each
of the first and second | aser beamsplitting units

i ncludes: a beamsplitter that splits an incident

| aser beaminto two; a polarizer that converts a

pol ari zation characteristic of a first |aser beam
reflected on the beansplitter; a first mrror that
reflects a second | aser beamtransmtted through the
beam splitter, a second mrror that reflect he .. .
6 oGP B € Y FEreC PR PR by e By s o two
pol ari zed beam splitter that reflects the first |aser
beam whose pol ari zati on characteristic has been

- converted by the polarizer apd transmts the second

| asel* béhpseeppesimgpppHatird g épf i rror. 33. The

| aser processing apparatus,  of claim 26, wherein the
secdﬂ@mwyaﬁﬁ§®FﬁF@Pﬁ@muﬁwpﬂﬁﬁ@ﬁﬁdes: a beamsplitter

that splits an incident |aser beaminto two; anda

pri srhcapdplitier tha splitsap|inoidentdaser bepmiimia tWosser beans spl it

into two by the beamsplitter into two. 34. The | aser

pr ocerelaringy thapeavedts @ polatizatiorgharacterisge offhe lasgr beagy mflacied on the beam

second beamsplitting unit includes: a beamsplitter

splittdnat splits an incident |aser beaminto two;, a-

pol ari zer that converts a polarization characteristic
of tehprigmn seodulp ghah spléss Ithec tasay heamt whosp ealarizatipn chasacterigtic has been

prismnodule that splits the | aser beam whose

conysastedby thepolairerinta fisstandrspeond lasdrheanseen

a first mirror that reflects a third laser beam transmitted through the beam splitter;
a second mirror that reflects the third laser beam reflected on the first mirror; and

a polarized beam splitter that reflects the first and second laser beams emitted from the

prism module and transmits the third laser beam incident through the second mirror.

35. The laser processing apparatus of claim 26,
wherein the second beam splitting unit includes:
a prism module that splits an incident laser beam into two; and

a beam splitter that splits each of the laser beams split into two by the prism module into

36. The laser processing apparatus of claim 26 or 35,
wherein the second beam splitting unit includes:
a prism module that splits an incident laser beam into two;

a beam splitter that splits each of the laser beams split into two by the prism module into
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converted by the polarizer into first and second | aser

beans; a first mrror that reflects a third | aser beam
wo ea@n®nm3dt ed t hrough the beam splitter; a secoPdI/RR2008/002531

that reflects the third | aser beamreflected on the

first mrror, and a polarized beamsplitter that

reflects the first and second | aser beans emtted from

the prismnodule and transnmits the third | aser beam

i nci dent through the second mirror. 35. The | aser

processi ng apparatus of claim 26, wherein the second

beam splitting unit includes: a prismnodul e that

: o nto two: q b
owodhl BBk AE R URBEL RBGRT | TE O LT BNC 8 R

[ . [ . i Nt 6, T I ,

I nt Oy ﬂ%rz]%%gogly%%@m&gﬁgﬁ Lﬁr&@éﬁg%%%%seco%ﬁl E)garmsreﬂected

process al m erern
on@% ond ﬁgan1splitting unit includes: a prism nodul e
a

_ 38 IUs an incident |aser beaminto two; a beam

o o S B S Pl R P TR p we

conVAP 80 BTG RB S5 RS ey BEPURresPBE U A i M

?E?g$dllasgélbe§}%?§%F% cte@ﬁ&gﬁth begﬂ%ﬁﬂllttgsz%ml‘ on
chapFERgps N EP SPIEEELOY 16 PP 3G ABOIALY e i g giser bears
. Jdirst mrror; and a polarized beamsplitter that
“mlﬁﬁiﬁ%gé pf&© I-and second | aser beams whose

pol ari zati on characteristics have been converted by

the polarizer and transmits the third and fourth |aser

i pgei h h th : ‘
bea rgs] ! If'ﬁel lgs%P It)m(t:essrir?gua argiuseo ag}cf: gx?edof c algnrs%r% 33, and 35,

wherein the prism module includes:
a first prism that splits an incident laser beam into two; and
a second prism that changes directions of the laser beams split by the first prism such that

the laser beams are parallel to each other.

38. The laser processing apparatus of claim 26, further comprising:
a cylindrical lens that shapes a sectional shape of the laser beam into an elliptical shape
before the laser beam is irradiated onto the subject.

39. A laser processihg method that processes a subject on which a low-k material is
formed, the laser processing method comprising:

a first step of providing an optical system, which includes a pair of condensing lenses in
which cut surfaces that are cut at a predetermined distance from central axes to be parallel to the

central axes contact with each other;
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37. The | aser processing apparatus ofany one of clains
29, 33, and 35, wherein the prismnodul e includes: a
WO R00gH14307T smthat splits an incident |aser beaP@T/KR008/002531
two; and a second prismthat changes directions of the
| aser beans split by the first prismsuch that the
| aser beans are parallel to each other. 38. The | aser
processi ng apparatus of claim 26, further conprising:
a cylindrical |lens that shapes a sectional shape of
the | aser beaminto an elliptical shape before the
| aser beamis irradiated onto the subject 39. A |aser
pr oc . . Sk _
o R e P bBER AFERARS oR A e Rl Br e fow
i sing: i LSt . . Vi di opti cal
s 8 a3 S iyl oGt A8 ol 280 i o of s
1 gpich cut surfaces that are cut at a predeterm ned
istance fromcentral axes to be parallel to the

Centz{tﬁilrds?ex%?er?u%'r} AGL oMok h. each other;a second step of
settlng processi kg paraneters, which include |ocations

o ook o o 0 Sob BB SR
Do o R b o i B e R M0
into t using the optical systemy and a fifth step of

. WO
in theremyalIPIRG 8% two split |aser beans onto the two
edges of the lowk material in the renoval subject

region. 40. The | aser processing nethod of claim 39,

fur tibeg"gﬁqq%;ér%? : rg?e 4 of glglrrrﬁ ’?J, Hgger%g}n\é\gs?n%:t he third

stepa

being performed between the third step and the fourth step,

a (3-1)-th step of éplitﬁng the laser beam into first and second laser beams and allowing the
first laser beam to be incident on the optical system; and

a (3-2)-th step of irradiating the second laser beam onto a region between the two edges.

41. The laser processing method of claim 40,
wherein the aperture of the second laser beam is controlled to be the same as fhe interval

between the two edges.

42. A laser processing method that processes a subject on which a low—k material is
formed, the laser processing method comprising:

a first step of providing an optical system, which includes a pair of condensing lenses in
which cut surfaces that are cut at a predetermined distance from central axes to be parallel to the
central axes contact with each other; |

a second step of setting processing parameters, which include locations of edges of the low-
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a (3-1)-th step of splitting the | aser beaminto first
and second | aser beans and allowing the first |aser
whe@a01430be i nci dent on the optical system anPCEKR2008/002531

(3-2)-th step of irradiating the second | aser beam

onto a region between the two edges. 4 1. The | aser
processi ng nmet hod of claim40, wherein the aperture of
the second | aser beamis controlled to be the sanme as

the interval between the two edges. 42. A | aser

processi ng nethod that processes a subject on which a
lowk material is forned, the | aser processing nethod

C r.i si_ng: irst step.of providi n opti cal

kR  rtpvahsobit et 58 il topveh R et PR e of a laser
whi ch cut surfaces that are cut at a predeterm ned
rstance fromcentral axes to be parallel to the

central  axes. contac ith each other; a second step of
settqtﬁiédﬁ%%é@%éé%xgé?f@%?;s, whi ch i ncl ude | ocations

of eag%es of the |lowk material in a renoval . subject .

r egibivurtiy e at Pliting thediidasr baen epgesn tethird siep dpto two using the
power of a laser beam a third step of emtting a

optiegl pysteny; aser beam a fourth step of splitting the first
laser_beamemtted in the third step into two usin
t he i ster(of Exadipting the;laser beapps split inteypwa ip thg dputhisisp Ot“ﬁ%le two edges
| aser beans split into two in the fourth step onto the

of the pyv-k apsissialgn the pranqval guljeqtErgion al i n the renoval subj ect

region; a sixth step of emtting a second | aser beam
and asixiesienaf Bmitings segond laseifeanmiapd t he second | aser

beamemtted in the sixth step onto a regi on between
t he asgpenguepsof irradiating the second laser beam emitted in the sixth step onto a region

between the two edges.

43. The laser processing method of claim 42,
wherein an aperture of the second laser beam is controlled to be the same as the interval

between the two edges.

44. A laser processing method that processes a subject on which a low-k material is
formed, the laser processing method comprising:

a first step of setting processing parameters, which include locations of edges of the low-k
material in a removal subject region, an interval between the edges, and output power of a laser beam;

a second step of emitting a Jaser beam;

a third step of splitting the laser beam into two;

a fourth step of splitting a first laser beam between the laser beams split into two in the third
step into two and irradiating the split laser beams onto edges of the low-k material in the removal

subject region at both sides; and
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43. The | aser processing nethod of claim42, wherein

an aperture of the second | aser beamis controlled to
wheoohles3sane as the interval between the two ePBEER2008/002531

A | aser processing nethod that processes a subject on

which a lowk material is fornmed, the |aser processing

met hod conprising: a first step of setting processing

paraneters, which include | ocations of edges of the

lowk material in a renoval subject region, an

i nterval between the edges, and output power of a

| aser beant a second step of emtting a | aser beam a

third.step o littin he_ | aser be jnto two; .a . .
f ourd TRLFELSIPIER b PG ET pra beovEare b fram RiGo two in the
.the |l aser beans split. into t {n the third step intqQ
tied igp it vy G " rgiaings g 1 s hhots oBlo iEoBHhetesn dlesslees of the
f the. Jowk material i.n the renpbval subject region at
IOWEUPW’G&?MEH‘H’;S'#’FF&W@%@ of splitting a second
| aser beam between the | aser beans split into two in
the third step into at least two and irradiating the
split_ | aser beans .onto portjons hetween the edges of
the 4Sow] Re st BPse3ving FethHEotClafo ¥ ESPBRESHE2gi on. 45,
The | aser processing nmethod of claim44, further
conpiiethesecondsteny ¢ he second step, noving the subject
in a direction gpposite to a processing direction. 46.
A | deefingthewbisetimgdirpstionapresiato agresesing o ybj ect on
which a lowk material is fornmed, the |aser processing
nmet hod conprising: a first step of setting processing
paranmeters, which include |ocations of edges of the o
| ow46- mAtlaser arocesaing meghpdvibat peesbisesca subisgt om whigh a low-k material is
i nterval between the edges, and output power of a
formed <the lages pipessing method comprising: :

a first step of setting processing parameters, which include locations of edges of the low-k
material in a removal subject region, an interval between the edges, and output power of a laser beam;

a second step of emitting a first laser beam; .

a third step of splitting the first laser beam emitted in the second step into two and
irradiating the split laser beams onto _edges of the low-k material in the removal subject region at both
sides;

a fourth step of emitting a second laser beam; and

a fifth step of splitting the second laser beam emitted in the fourth step into two and
irradiating the split laser beams onto a portion between the edges of the low-k material in the removal

subject region.

47. The laser processing method of claim 44, further comprising:
after the second step or the fourth step,

moving the subject in a direction opposite to a processing direction.
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a second step of emtting a first |aser beam . a
third step of splitting the first |aser beamemtted
w0 poovloes3second step into two and irradiating tPer/ERROI0B/002531
| aser beans onto edges of the lowk material in the
renmoval subject region at both sides; a fourth step of
emtting a second | aser beam and a fifth step of
splitting the second | aser beamemtted in the fourth
step into two and irradiating the split | aser beans
onto a portion between the edges of the lowk nmateria
in the renoval subject region. 47. The | aser.
processi ng nethod of claimd44, further conprising:
after the second step or the fourth step, noving the

subj get jn a direction o to a processing
dire gh E%Xp@ﬂﬁmeQ mﬁ%@%ﬁ% ¢onet hod of claim 44
or 46, wh a t ot spllt er eans t hat
are‘W?Wﬁﬂ q%h%“ﬁ%??ﬁ%ﬁ% é@%ﬁ@% pyting fetveen the
th Iom#k naterlal in the renoval subject i on :
MO&#@S&? the e materigl igjtherempyah subiget regign are gripnged j @S@Wm‘gemcal to
directign of the subject
the processing direction of the subjec
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