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WD 2009/ 014307 PCT/ KR2008/ 002531 LASER PROCESSI NG

APPARATUS AND METHOD USI NG BEAM SPLI T TECHN CAL

FI ELD The present invention relates to a | aser
WOR#EESs1 Nng apparatus and nethod, and nore po1/KR2008/002531

particularly, to a |aser processing apparatus and

nmet hod that are capable of effectively renoving a

lowk material that is formed on a wafer. RELATED ART

In general, in a process of manufacturing a

sem conductor elenent, a lowk material is used 10

for pattern formati on and insul ati on. However, since

the loco k materjal has high viscosity, when a wafer
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causing the saw to be worn and decreasing a
processi ng speed. Wen the lowk nmaterial is

Clﬁﬁlgﬁﬁsﬁﬁl‘fb a lump of lowk material nay be rem)v'ed
1B and a proceSS| ng surface becones dull. The |owKk

t j { {
| TearhRet RO B 1 e Ry SRR wBLE o
pmuc.mértﬁg 16CH ek br¥e agypéﬁﬁs Ao pRIISM @B arb Rdrabip apéﬁe@{wely@emomg a

od has been studied in \NhICh the’'low -k mateéeri al

 lowkinSteriRtiief S1B¢d Mawatkenoved using a |aser before

. processing a wafer. At the tine of general |aser
processing, the processing is perforned with a narrow
cutting width, but at the time of renoving the |owk

RELAWHesR®l , the processing needs to be perforned with a
mai n cutting width needed to actually 20 renove the :
| OW dendtHlfif b pdbess dfotianeiadine @ serficahdiicidr Bigmatt iidw-k dferial & used

“wider than a width of mechanical sawing. As a | aser .

* for pafisn® @ 8aion ghdindulateh. t Hatvelrs sinbetbnlosgaasiabishs high Kiedositvewhen a

the low -k material, there is a nmethod in which the
wafer ksqurocedsedtyytagndchanicalsmetianioy @ subsdgtuint probesy, the lapb tatsiiat adbots to a
.60 pmor nore using a I|aser that has a wavel ength
saw, qagsing sheogwad be womrandidebesasingdha proesssingrspeeds eWheaathe loaﬁgmhtenal is
range. According to 1 WO 2009/014307
procesgedd kppEd BwdoRargrial may be removed and a processing surface becomes dull The
low-k material in a region other than a removal subject regmn is also removed, which lowers
In order to prevent this problerm, a method has been studied in which the Jow-k material is
preferentially removed using a laser before processing a wafer. At the time of general laser
processing, the processing is performed with a narrow cutting width, but at the time of removing the
low—kmaieﬂai,ﬂleprocessingneedstobeperfonnedwixhamainmmh]gwidthneededtoaémaﬂy
remove the low-k material, for example, a cutting width fhat 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 rénge equal to or wider than an infrared wavelength range. - According to



this nethod, an optjical systemcan be easily
configured and the nethod can be easily inpl enented
Further, since output power of the |aser that has a
woBeMRLLREt h range equal to or wider than ther/krzo0s/002531
ultravi ol et 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 follow ng Equation |I. 5 [Equation
1] Spot size 41F4 JDWR In Equation 1, ?, indicates a
wavel ength of a laser, F indicates a focal distance
of a condensing |ens, and D i ndicates the aperture

mﬁﬂ&éﬁgaLgégé baan1td f |EC|gent on tgggégg%§?$%
i SR s i t&%@%%@@%@%g%gc@m
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propagates In the above expression that defines M, -
is derived by infinitely approximating z and may
ha%ﬁm%yvq ue 15 of about 1.0 or a value of 30 or
%ag vari ous val ues. Therefore, when the
yﬁ% 1 gthened t he val ue of M2 increases.
se tha n achleve a small value of M is

- Congi %oﬂ' lt ? indiGitcS%PERARIH S S ILREE R indladk N8l distance of a

excel beam quality. As can be Seen from Equati on

delamn% 1@1%, Yﬁﬁcﬁ&% the Berthrd 8f 4 [BRLHcad Bk i REAPGAhe Shdh@hEEns.

) condensing 1ens determ ne the spot size of
10 thev asey fReAMvhidih andieed| queliitpt dng Gasel behE is QRERTISHPOV® =
|l ens 20 may change dependi ng on an equi prent design.
I, I Sris'Fhid] WB) indi€E8 b belinS ka9 6fer th Bber b&mGR@AR:S, 208 w(z0)
protecting the condensi ng | ens from bei ng
indic:0 A hdfinbAtvelde aft thd Remiw-8E Th gkl BAS tifffset $halipiiohPRopagates,
mm In the case of nassively produced products, the
but a le@dkantl hetineeiey hit dotrenct diflensemghdnahsiae banpgopagates.  In the
di fferent according to a wavel ength range of the
abovel eapression bt defites M Is defitetl & dinitly dpprozimegnggendmapiave @ value
: 300 nm The spot size of the |laser beamthat has a
15 of abmmw loe A yalte ¢f($ﬁgne moteh tat i, hwarigus vilagse dThwepiosd, evhigt the avelangth is ‘

lengﬂlened, the valuc of M? increases. A laser that can achieve a small value of M? is considered to

be expensive equipment having excellent beam quality.
As cain 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
20 °©  may change depending on an equipment design. However, a minimal focal d'mtanceﬂ}atiacapable
of protecting the condensing lens from being contaminated at the 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 awavelmgﬂlmngeofthe laser, but the focal distance is n a range of 50 to 300
mm. The spot size of the laserbeamﬂlafhasamvelengﬁllongerthanﬂlﬁinﬁamdwavelengﬂlis in
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WO 2009/ 014307 PCT/ 1 QL2008/ 002531 a range of
approximately 1 to 10 pmin theory. The spot size of
the | aser beamthat has the wultraviolet wavel ength
woQboohBobl € ray wavel ength is approxi mat el y p3e4a68ds/002531
hundred nanoneters. If the value of the spot size is
substituted for Equation 1, it can be known that the
m ni mal spot size increases when the wavelength is
| engthened. 5 A CO2 laser that is used to renove the
low -k material or a pattern |ayer may have a spot
size of 50 pmin theory and a theoretical limt val ue
thereof is approximately 50 f 10 mFIG 1 is a

di a ran1|IIustrat|ng aigﬁgblen1that occurs at the
2 rangy fhappro et Sf (R SEs Phige #sedsrmade has the
: sho in FJ 1, when the lowk materja
ulﬁaVﬁA@é Koo éayoeye cogh s aPPfP’“E’ﬁtﬁ}Y 5@8@%‘@1&*@36&%@ I

meﬁﬁéﬁ §e55|ngﬁ ﬂf nes WP in V%en.
in V|swblg %%%% gal,enﬁthii |?0L2g|gegén$20ﬁhhtfgr used
e R Rl B0 BRA% R Rk i R B O RS e
I I
mi?ﬁfﬁbﬁ&lﬁ’%ﬁ%ﬁr\%ﬂ%ﬂmﬁ’ﬂ? Wﬂ?ﬁfg %02 [0 O
hd el Bre SHEE HEREY ﬁegﬁ#wé@fréﬂ%ﬁéww—k
ﬁm&%b&ﬁg tﬁﬁk&ﬁ“k material may show a different
reaction-according to a wavel ength, a beam size, and
Pr OCRESIE FRA APRA B IR§-k iRl 83Shove@iishe !B laser, it can be seen

difference may. cause the deterioration in the

that tg@%@ Bfbe QA Akddnies GAE GRE @b Reidhe. | WhidhBie QRS 120N SBch has a

l'ow -K material is removed Using a | aser beam |f

wavelem}h lokdeP tha?h vdBE &4y Wiveltngth & iRei@nt & PHcOHE@SSAANBR flaleBA) that
changes, a conden3|ng | ens and an optical system 20

formssiyentcehdoGo:GIRAEE Gn abiptidh o id peotiveRiyeRb. fAYa Bsulisibst of the
As. such, even though the method has been studied in

laser tlrhodo rohyRodeshelsiliond, But lahagksa ttesfendedee. by | aser
processi ng, the above-described probl ens cannot be
r e Wedk mAedarids ngthamicafpichleproperties Hifigreitsfrdoethog of formation
studied in which the low -k material is renoved using

materialp of thewvaferlsulpae s sxanpile, sGa andGadst | Tl ghefleve k ntatezisl may Show
a processing width is reduced and nechani ca

adﬁmgmaqg)rmw a wavelength, a beam size, and processing parameter of the laser, and

this difference may cause the deterioration in the processing quality. _

Accordingly, thé case Whexe.the 10w—k material 1s 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 inconvenient for a user.

As such, even though the method has been studied m 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.

Asareﬂﬂt;ﬂxefhctﬁ)at,_ifaprocessing width is reduced and mechanical processing is
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3 perforned, it is possible to effectively renove the
low-k material was discovered. In this case,

however, when a wi dth of a nechanical saw for
processi ng substrate material such as silicon that

is the main portion of the processing material, that
is, awdth of a processing portion is |arge,

mechani cal processi ng shoul e repeated a pluraki.
perfygmed, s Posyiple écrwe%f‘é‘&‘fegvsf?@g"?t ‘ﬁ%ﬁ’ r%@%‘%%%l 5g g‘é&gep‘%“gé‘? b cas,
a8 2 GREN:ARA AR Brobmsikadbduste Rdteriglfsiada bilien that
ho”g%@n*/%tﬁe%{%“ THE | NVENTI ON Enbodi ments of the i nvent i on
is thewneintpessian pf thalprozessing maisriglefhattip aggith @f f Repcessing portion 1s Jarge,
bove- descy | 0 I : NGBt h i
PP pEEEEhL 24 BB O RG] R frocesing
spepd.ovi ded a | aser processing apparatus that processes

a subject an which a | o el is formed, the
Iasgfe“%F%3?§9WﬁBm§BE§F Oag%§5%%$$%ing: a | aser
generating unit that emts a | aser beam and an’
optical systemthat splits the | aser beamenmtted
SuNTMaRyY beThHRSSvESE@Iat i ng unit into two and 15
irradiates the split |aser beans onto the subject,
Wher BiBodi s tHe Glentfl Sk R Bedn Tinhlisdé i oxdep@isolvethe above-described
condensing lenses in which cut surfaces that are cut
proptems. pr edet er mi ned di stance fromcentral axes to be -
‘parallel to the central axes contact with each other,
andn taherdantcewitala frelt apesh of e Rregent IBYSPan, (hseels a'laser
is.the sa as_the_int I e L Tl WMhaf
Pfo‘?eﬁﬁwpﬂ?ﬂ?gg ithﬁfpﬁoﬁesges arsgl%%a(fnb‘glﬁg?g&& regl g%% ggﬁlf:%% faser
pro(l%géﬁ%' Spaseis WokBrising a:xm? gaﬁe{aﬁm:g.unittﬂte regnifs 1 lpseo\beam,datnd an
aser processing_ apparat us rocesses.a su C
opticn syt HabsT Gy 10 ARG 1RGP B0 R Bt i o and
. r.0CEeSSiN 0 S 06 RlcmtidsNhair of
i S B D R b et 7
contidmBing Spbdstis whivh cut asfatesieameeni 4t nedpiennnechdstings dom central

axelSERALLNG 0ok 10, Lo o, OB LGS! MR B ecn the o

spﬁﬁa%értbte;ci:rﬁg SUAL Earh M BOME WRervalWehvedeh @lo s o iRrwalk material in a
étheen the fwo split 25 | aser beans is the sanme as
remblad sibjdceregmh. bet ween two edges of the lowk materi al

in a renoval )
Tn accordance with a second aspect., there is provided a laser processing apparatus that

proc'esses a subject on which a low-k material is formed, the laser processing apparatus
comprising; a laser generating unit that emits a Jaser beam; a beam splitting unit that splits th;e
laser beam emitted from the laser generating unit into two; an. optical system that splits a first
laser beam split by the beafn 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 Jow-k material in a removal
subject region, and irradiates the split laser beams onto the subject; and a mirror that receives a
second laser beam split by the beam splitting unit and allows the second laser beam to be
irradiated onto the low-k material between the two edges, 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 paralldl to the cenfral axes contact with each other.
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subject region, and irradiates the split |aser beans
onto the subject; and a mrror that receives a
second | aser beamsplit by the beamsplitting unit
and allows the second | aser beamto be irradiated
onto the owk material between the two edges,
wherein the optical systen1inc|udes a pair of

condensing lenses.in which cut surfaces that .are CUls that
o Taagppelagieayh 0 GRSt e F PTG SdeT PR bR

r t Rt Al laWr o fu
procgfsﬁspg S%Ji& 1N g%l%%r dlgﬁ]?eh%etnﬁlxgsﬁohl rd aspectIJPOthgilrgeaplpaga ;
compfiging: € €ickt usdr gaieratipg auitthatieny(s a psenbaarnsiniopagal %ﬁ@db@%s the

a bj ect, on which a | ow k. materi a
o é F@c@%ﬂﬁ&%ﬁﬁﬁr@? (}Jgﬁ,ﬂ)rl',t? {éwor,| auc %a?ﬁug él%tgﬁbfg between
is&héslaﬁ% aikk trfertnl basemn theakes aftho pivi-k ﬁiatmal in

sys emt at splits the laser beamenitted fromthe
a refmffeﬂtsulnasefegmyened allawrgthasplit laser beamado bs degideph i therubiect; a

sccg FBeriEnermEha S o) 1 b A e G Bor QBF i, i beam

exmﬁ@t RIh e sbcBnd Rsdr @BRYAing SHpjoctimidigédonto tatbvak iawsialitisbveen
split laser beans to be incident on_the subject;

the ecalzes, Waswsin the aptical SyRgMURshides g ppir Of pendesme e l&e‘glmh out
nd a mrro Bk filfeQidhtral
%%@%ﬁlg#%g@ra&%%nera Slt&r?g@ Elﬁl;ﬂt%%tﬁugPE i r%@t ed
axesoda,h@cﬁ\ﬁgldagy\mhernaterl al between the two edges,
wherein the optical systemincludes a pair of

- congensidatcd WRS£ foutth t?Cﬂie& 3 prdGidedu bat emoctsmp aﬁfaﬁa:tus that
cut at a predetern1ne di stance from central axes

to
prodesseparsubjeet] ort whichen sk rﬂéﬁteﬂabk%@ﬂ@% tthc fasqFj RpCegsiRg, apparatus
oom[gtpggé el!iFn ety dancenatolts 215Qedrh aqﬁ'g’ﬁ%gr betallﬁ% @mhéumt fhat

roceSS|ng apparatus t cesses

sp 111|§ 16 Rk Wearf et dCifora. theOlasds gamamgahntustoftwo;lm d@col_lth aser beam
aser processing appar at us Si a. laser

sphtyegu Gnlathﬂhﬁﬁhﬁrﬁ ok IAggE o pRitisd (RS BBkt bodip siljting unit into

§ %?s%? Ht tlfis | ohto! Bt e d%g’s éfﬁhé fow-k R@udridBRIa removal

ron1 aser gen ratlng unit into t wo;
subﬁctsleglemchnua&eﬂd ﬂmarheammphm:lng ngit that Sphtmsecgm 1&@@3 bgam emitted

ﬁoéb{eﬁﬁhq%%%rémﬁpm en tted m’tplﬁg%fl ris% {h% ]%%?Qamom
are%gx%ﬁgétwgﬁ?tﬁ@ c%%@ftﬁé’l@m@@ﬂ@@oj&{regﬁﬁ | ow k nat erl al in a.

noval Ject region; and a third | aser beam

spl Eatgcg,n ge%h} %ﬁ!@ E&u{ieﬁe R P&%ﬁﬁ@glak&%%ceégﬁgapparams that

rom aser beam splitting unit

: proée@ie@ agilibjdce@shitheloankimiaterialds fatreal, thh éaseppirjoess g apparatus

beans ontaq
comprising: a first laser generating unit that emits a laser bean; a first laser beam splitting unit

that splits the laser beam emitted from the first laser generating unit irto two and irradiates the
laser beams o-nto edges of é. removal subject region of the low-k material at both sides; a
second laser generating unit that emits a Jaser beam; and a second laser beam splitting unit that
splits'a second laser beam emitted from the second laser generating unit into at Jeast two and
irradiates the split laser beams onto a region between the edges of the removal subject region.

In accordance with a sixth aspect, there is provided a laser processing method that

processes a subject on which a low-k material is formed, the laser processing method

4a
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20 a region between the edges of the renoval subject
region. In accordance with a fifth aspect, there is
provi ded a | aser processing apparatus that processes
~a subject on which a lowk material is formed, the

| aser processing apparatus conprising: a first |aser
generating unit that emts a |aser beam a first

iRk | e bibti S@hith fhclules d psesf doadomsi
con{&%ﬁ?%.eagﬁ?ﬂ;%ﬂ ﬁ:‘r&h(ﬂﬂg h&[‘lbf)ttcalt Habmswhich sctul BB ing

e.first l'aser generating unit into two

lensanioh Witicladlit atuimes that 26 cutz6 8 predelermineg lisanee §am csptrah axes to be

repoval subject region.of the.| ' - :
pardEis o #2018l i R M et SRt P bt s Bllesing
parzln?é&ﬁ, WHERA Thch AR thetiche 60¢ided (giRlow&amtsial inkrénmgyalmbject region,
that  splits-a second | aser beamem tted fraomth "
an igtecahbetivesmethe gdpes rad oRGUURIVCr Phe fsdtbeplad fhﬂfivﬁfpéﬁ gouttng a

irradiates the s I : j :
lasef, &tf% éﬁto?rﬁ:ést%od%fz 5§11o g %258}3% beaf | togﬁgj%é@% Eh?e i %}% .syslte?, fmd a
fiftlPGG T dRaBEnMIhE Bv@split Michbaapento,thd terdges of (he bwi-kdedleral in the

| aser processing nethod that 30 processes a subject
remgval iitigshregionow- k material is forned, the |aser

processi ng nethod 4a conprising: a first step. o

f }
pr dwiaciondpneawithp & isevahthesreee thereip Poidpche las @gocgssipg methpd that

ﬁ pro%:s)snegeag ?1@)2%} 8{1 ﬁ?{ﬁ%ﬁ _ai Duih inﬁiﬂari%]u ks ﬁﬂﬁédaﬁigﬁslaggaﬁm&rss%gc Hlethod

I'Stance from cent axes to be
confiikk e?grsi Qe Jstq%rsﬁauhg ah optiebsysont abich wdiileeapiir of ¢rardensing
a second step of setting processing .paraneters S
lensah i which entusadaces that 76 fut e Egigeavipsd ‘il,ﬁ@CF %Pwenﬁal axes 10 be
pa_rzggt ﬁ(ég’lael c{elﬁﬁlal LOIRNL aﬁﬁbéa%ﬁtoﬂ{eﬁgé Qond s@P df @AY Phocessing

n e edges, . and output power of a laser beam
par@ndidti ehiditigpudeflocativrsiol edyesof thelowrk thaserivl ina réroowal subiselapeion,
of splitting the |aser bean1i€t tﬁo usi.n S%he o a first
an igigrvakhgtwespdicsdgessiy puf PRYHO %lgi?f gy, p i siep Oh giing
B |t %ﬁ%ﬁhé)ﬁ}&q Lot \ehidge e irdsRe id@wdusin
hﬁ%a efﬁthPﬁﬁ?ﬁgq%re val sﬁkject regionueln %ép _ ¢
the apticat slakeae avifthistep of evasiiting Swgeser bearlisple itg tyye &yvibe &yl step
| aser processi nmethod.that 10 1, .orocess o
onta e P OV BRSPS 7 R rn T P e g > P of emiting
a sdcBSE Tasd HR&R SAINDscVBRIIN QElp of RAPkII tRE secand laks hesh emitetl in the
providing an optical system which includes a pair of .
sixth step ente 2 megion betveen thewodaeh cut surfaces that are cut

at -a predeternined distance fromcentral axes to be
par il doedrddnoe itk ac eighthadspeak dwrecio mroarisied wilaser psershpingthethod that

a second st ' Sj .
processes a subject 0 V?flfjicﬁ eat folwr-]lg rgz{te%aF % fotPed, the laser processing method

comprisihg: a first step of setting processing paranﬁe’tcrs, 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 lowk
material in the removal subject region at both sides; and a fifth step of splitting a second laser
beam between the laser beams split into two in the third step into at least two and irradiating
the split laser beams onto portions between the edges of the low-k material in the removal

subject region.
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paraneters, which include | ocations of edges of the

lowk material in a renoval subject region, 15 an

i nterval between the edges, and output power of a

| aser beam a third step of emtting a first |aser

beam a fourth step of splitting the first |aser beam

-emtted in the third step into.two using the optical

Sy B&ssiAe Al¥hod that

cpiih Eoiopfhate Y A oGfoy BERL PIARAS w1Ecl PRESIRE Ao

pro@:ﬁseﬁ hesubjeet kn reticr aabwmmmeaalr]erfommd sheb)asart proeeggingn method

a sixth step of emttin a second .l.aser
comggB TR b PO BT St uEEpHioR S diges of
the E()%@vveen F&Lﬁlda kdtndvisubfls Rk E,harﬁﬁl%iavap BétGreéh tHOGHIER, and output

e two edges In accordance with an eighth
povas piaciuser bdzer; @ secsmqb sto Dk tting Bﬁs@ lasqsrb@@@sasﬂm@ steppelfplifting the

ﬁrstlt lgsgltf o 5 e > theagcggn%psi? et o (ﬁemiaﬁlajér? n]gﬁltlagl&"nl%!ﬂns onto

edgbd &Sﬂle %@k rﬁ&teﬁa@tn& Iﬂ[&reﬁfoeﬂ%asjea%gm angstR rsiles;whioahh step of
I nclude |l ocations of edges of the |lowk materi al

emitiing @ wpond lasan bp@mand e diltb tep afsriifme fhigarcond g gited in the
ed nd t .25
o 05 T A P S0 s o

the BRI inhieAdl id the rdnasalisubjb@&Bidnnt o two; a fourt h step of
splitting a first | aser beam between the | aser beans

SPl A erhtidlihent Fehd iRvehifiéh frbiided a Sds@PrdcEisiag hyaraan dnd mcthod using
irradiating the split |'aser beans onto edges of

bearn gplit kn Whieh elepsenf ajlow-kmratqrighp ¢ STy plspRiest mﬁ@ﬁuaﬁﬁﬁa‘?"eﬁ gi’ fy laser

bea% i g %%bhnt‘?env\e e[%o{ehgu%] ) ShiP oﬁ)f HRlthd foD9 nteBfGO REmb@SRT then the

eam aser beans split into two in the
remhihing thvsit mptetial beiwadn theedges it wonosekitherebyaigipavinggraessing efficiency

|If | aser beans onto portions between the edges of
Ofatsﬂjéec ow-k material in the removal subject region.

Ln | g CK? cg%gl ﬁ:nr% af tﬁ%ﬁqeg]gm} Ihrcsi\? &S 51 Fat%gr%ggsszh% ;%5%%(1‘5 Q{%anethod

usiRE b §ifie A Wi ddgemdrer badk maeﬁabrnrmﬂmovdil Gul:h@t;&glon are prunanly
proceSS|ng nmet had

rer3@ed pjh@ A5F PR ths élmﬁ g?grﬁ%?sg{]gga Wi foh Eﬁv %ch%} E%%E material is formed

wHil@ G2t QRN flo HaBserRf bethvb@ thOWddés Bart@bved! byl dlager beam, thereby
renoval su J ect regl on, an interval bet vween t

impudyies progesingciqiaey of asuhiect angfincipapingaproqsesie spegd g@@% d
step of emtting a first |laser beam a third step of '
spl i 8l mgthehembediment of the drveiarareics pdafern FOCHUNEREBHE and

mcghn ?0 R0 100 1,20 sf)ﬁt%b Ak R bOSsSPk: bink 38 ﬁ%cégmwafcr on

which the low-k material is formcd and the low-k material of edges of a removal subj ect region at

both sides and the low-k material bctween the edges are simultaneously removed, thereby

minlrrumng rcsmtancc apphed by the low-k material during a subsequent process.

'4c



edges of the lowk material in the renoval subject

region at both sides; a fourth step of emtting a

second | aser beam and a fifth step of splitting the
WO%&)@BPB Jaser beamenitted in the fourth stepddbRoessi

t wo and irradiating the split |aser beans onto a

portion between the edges of 10 the lowk materi al

in the renoval subject region. An enbodi nent of the

i nvention provides a | aser processing apparatus and

met hod using beamsplit in which edges of a | owKk

material in a renoval subject region are renoved by a

| aser beamat the time of processing a wafer on

which the lowk material is forned and then the
BRIEFSHRORIFIGONGHE KHFBRAWBIGDhet ween the edges is :

renoved, thereby inprovin proceSS|ng efficienc 15

ofF¥3Sh§ﬁeéﬁﬁﬂhth@ﬂMEﬁﬁﬁg WHeen PR solw-k material

_ provides a |aser processing apparatus and. net hod

usingg&Ohlssseam split in which edges of a lowk materia

|n a renoval subject region are primarily renoved by
ofiglasErPEsrHES AP BACOyFng 02 first

> m&g‘;ﬁ'&h &Ee IQW_E ?r‘a:g: g: int{Ng(rage?hemgidlggst |h§ renaved
SRCipaofi e lpgpat vy HEPERRIRG: s W68
mﬁ%&%ﬁﬁ%ﬁ%reﬁww e “processing apparatus ant
Eﬂg AN mhl h a,%, %§%£#¢é?§@%ﬁ?%?s%ﬁmﬁ Jas %L
2333253$§§&¥§ﬁ%va Jecﬁmgg%Pgn a?ﬁgﬁ&?%§3|3£§ Ay ment

10 rrtfﬂmﬁﬁ- w-k materi al betmeen the edges are
' aneously renoved, thereby 25 mnim zing

PSP G i e g

mumf&ﬁ&ﬁﬁ%ﬁ 1RQR=Rbn, BRI EF DESCRI PTI ON OF THE DRAW NGS
. FIG 11s a dlagran1lllustrat|ng a probl emthat

OC (5. 57 W8 MokRARY ilMEirafing 8Viadér PRb@GH nethbk® iaRGrdg(d2a second
laser FIG 2 is a diagramillustrating a structure of

-embodmb@ 5Ete BIRES/SSI N apparatus according to a first

DPFD

15 - FIG. Slsadlagmmzﬁmhaungasmlcuneofalaserpmmmngappmatusaccordmctoa
third embodiment of the fnvention.
FIG. 9 is'a fiowchart illustrating alaser processing method according to a third embodiment
of the invention. _ |
FIG. 10 is a diagram illustrating amu&tbatis obtainedbyremovingalowkmatezialasing
20 a laser processing apparatus of the invention. |
FIGS. 11A and 11B are diagrams illustrating the concept of removing a low-k mateial
using a plurality of laser beamns. |
FIG. 12mad1agmmﬂ1usﬂahngash‘uaureofalaserpmcesmngappamtusamordmgma
fourth embodiment of the invention.
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5 enbodi nent of the invention. FIGS. 3A and 3B are

diagrans illustrating the principle of splitting a

| aser beamin an optical systemthat is applied to
Wo_tsztﬁmhﬁﬂ?en_t' on. FIG 4 is an exenplary Vi eWpcrgraoosoozssi

iTTustrating an optical systemthat is applied to the

invention. FIG 5is af lowhart illustrating a

| aser processing nmethod according to a first

enbodi nent 10 of the invention. FIG 6 is a diagram

i lustrating a structure of a |aser processing

apparatus according to a second enbodi nent ofthe

invention. FIG 7.is a flowhart illustrating a |laser-

processi ng net hod according to a second, enbodi nent

of HGR 1By thar sxemplay ppws illgstpting s by spisiae unlt dhet s gpplisdto 2

a structure of a |aser processing apparatus according

ctyrg shown i fliig Ze nhodi ment of the invention. FIG 9 is a

ac AP0l PN RBBE R e O PEHE AR gy slitiog

. FIG 10 is a diagramillustrating a result that is
wmt UYRGAHOEY by renopving a low -k material using 20 a

| a ocessi aratus.of the invention. EIGS,
VIR B et e ¥ 1 B g Raniae o gy outh
a l.ow -k material wusing a plurality of

L.eMOVi.Ng.
embo@g;g%tpf%g%@ponﬁ G 12 is a diagramillustrating a
Cstryctyre of a Laser. processi r.af.
© o FE 4554 Bhen SRSFREE S5F0R LY 80 BREANP H BGRRL Helling o
a2 Q09,01 4307 PCTI KR2008/ 002531 FIGS. 13 to 16 are

exenplary views Illustrating a beamsplitting unit

FI 80 2, AR edd Wb Pridthf ool Ehordy 1 S

embo@fnesBl it 8,2 beam by a beamsplitting

DESCRIPTION OF EXEMPLARY EMBODIMENT
A laser processing apparatus according to aﬁrstembodiméﬁ of the invention for achieving

ﬁle above-described technical objects is aiaserpmcessing apparatus that processes a subject on which
a lowk material is formed. The laser processing apparatus includes a-}aser generating unit that
emits a laser bearn; 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. _Inthis case, ﬁle opti@ 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, and the interval between
fhe 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 apparafus according to a second embodiment of the fnvention 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 fhat emits a laser bearn; a beam splitting unit that

6
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A_that splRedbe SR bban éniﬁéd’ﬁémtﬂeéiﬁs@[as@

unit using a prism5 FIG 20 is a flowhart
illustrating a | aser processing nmethod according to a
fourth enbodinment of the invention. FIG 21 is a
woSbR@hagyi [ lustrating a structure of a | aserpey 0081002531
processi ng apparatus according to a fifth engmzl ment .
of the invention. FIG 22 is a flowhart illustrating
a |l aser processing nethod according to a fifth 10
enbodi ment of the invention. DESCRI PTI ON OF EXEMPLARY
EMBODI MENT A | aser processing apparatus according to
a first enbodi mrent of the invention for achieving
t he above-described technical objects is a |aser
proceSS| ng appar at us that processes a subject on
splits G leskr bears eitpdifpri therdese sfotwer, an ppfisal|syste that splifs a first
rocessing apparatus jncludes a |aser generating unit '
spliifytiae beam seliting i o g opughhibed geiaieryal bopepea,the tyg gplit laser
spllts the | aser beamemtted fromthe | aser

bfﬂ"@éﬁ Sy theinerval Wmmo siegs P b laval Bgterial dn 3 gamqval subject

) ea onto t ubJ ect In th| s case, the .
-fe%m& Eﬁgﬁ‘%{/@? guo fe suly W.@&V@@ﬁ@@gﬂm

_ \g‘?h{%@eﬂ%%p! Sur‘&ﬁ& hat are EUt at a ret%lets1 Hne?ow-k,l
central. 4AXEeS ont ot her nd t.he . _ .
matefigl PR R T %3%% IS gl i cpderpsipg lomses
. th 'nt al__bet wee es of the | ow :
T ol S mﬁw@ﬁ% ol bl o
cenﬁﬁ%:?e?%%?a @%%%%hat us according to a second enbodi nent
0 nvention 1's a | aser proceSS|ng appar at us _

h%onnwﬂ% ﬁ%géiéhr? pidmgessn ng appar%ﬁ ug %Eﬁhgglﬁam |

| mé%%. opRDCHR O Sl o 3Bl 3 g Rl S, D9

I theg aser generatln%gu%lt Etﬁlgk?%%ﬁmggﬁé%tlcarﬁ ste

% SRR okt 1Y tvbd) Suck @BMhe interval
spllttlng unit into two, such that the interval

i@ertbeRnSp il barkeAS B inid@RFBwicH edddoIVTHwRSncichf ina

|nterva between two edges of the low -k material in
remoﬁlﬁtﬁjﬁ@onﬁ&iﬁjaﬁ@%thesphﬂaserbeamstnbemdentonme subject; a second laser

geneq_annglmitthatenutsalaserbeam,andamorthaiallowsthelaserbeam emitted from the

second laser generating urit to be irradiated onto the low-k material between the two edges. I this

case, the optical systetn includes a pair of condensing lenses in which cut surfaces that are cut at a
predetenmnﬁddistanceﬁomcmuala)@stobeparaﬂeltofheéem%&somxtactwitheachdﬂler.

| Alaserprowssh:lgappmatusacoordingtoafomthmnbodimentofﬂlemvenﬁonisaiaser
processing apparatus a laser processing apparatus that processes asubjectonwhicha}ow-kmaieﬂal
is formed. The laser processing apparatus includes a laser generating unit that emits a laser beam; a
first laser beam splitting umit that splits the Iaser beam emitted from the laser generating unit into two;
a second laser beam splitting unit that splits a first laser beam emitted from the first faser beam
splitting umit into two andmadlatmﬂne split laser beams onto two edges of the low-k matertal in a

.



region, and irradiates the split |aser beams onto the
subject; and a mirror that receives a second |aser 5
beam spI it by the beamsplitting unit and allows the
aser beamto be irradiated onto thg
WO%]?@?&EQ: between the two edges. In this casejrﬁéeﬁ%ﬁd%i092531
optical systemincludes a pair of condensing | enses
in which cut surfaces that are cut at a predeterm ned
di stance fromcentral axes to be parallel to the
central axes contact with each other. A |aser
processi ng apparatus according to a third enbodi nent
of the invention is a laser 10 processing apparatus
that processes a subject on which a low -k material |
remoyal sybjseivagion; Fmdka thisd laper berowpliting vt thih Rl sysonyl dser heas exgitied
first laser generating unit that emts a | aser bheam
from ¢ T3 daser beany grliftieunit piy 2t st itwe and-gadisiesdhe Bt fsa heapspto a
fromthe fi rst 1 aser. generating unit into tws, such
region priyveep fig "B‘é&ﬂ%’é’ﬁ@%e two split |aser beans

is the sarre .asthelnter al en, edges of the | ow .
k B PSSR r?ﬁ?f‘&qvl“gs ﬁﬁf At obihg Wlm
5 “eagﬁ%m BEaR bea%‘%‘a%e%e?q?ghﬁﬁat‘i a:pﬁgw DA ol s
b d h J I _
ea%ﬁan gr:!g% g;@; at a‘?@g\ﬁ% basgf% ea;n eﬂﬁnstiase?%m
a{h%te nt.o t | etvveent et
(% e v 9% it dtlo o and
a| e of conde%3| n #ensesal%%{lvwa IES]?@I lW&nﬁ&?fat%Qtﬂ&des
: are cu a eg aerF?’no%e%Ech I%%nc?e %room centr al a
Seom’gac -érﬁ %&%ﬁ@a%%a%%%%@é%%gsé%%%r at us a@co%gl ng t%

10 mna&&maﬁmwﬁd{a%g%@mmmamﬁﬁ%m%&mm

pr OCessi ng appar atus a processi ng appar at us

split E&ibesPthMRbiolal QutheBMegidn, Materi al
'S forned e Iaser processi ng apparatus I ncl udes a
| a9efasd Bthdd iabeokdiBt 1o AMArkt SnbodiRER of BRVenfon is a laser

first |aser beamsplitting unit that spllts the | aser
proceBRA heditdt tha Chrdce 889 & REbjdcB 8L WHHRANE ok Mgtorfll & forified THR; laser
a second |l aser beamsplitting unit that splits a
procedsing Siettod S@tudbeamsentd sfogokdiamut heicdlisyssdin, lvitdbrindhglasm: pair of
' splitting unit into two and irradiates the split
15 condehsigpdenstaan whicio ot eurfans tiedlare sut of a priveteinturdkdistvatecfranadeniral ages to
: 7 WD 2009/ 014307 PCT/ HI 22008/ 002531 renoval subject
be pamiieljtodim:, cemtrabiaxes donfartdvith@abothor a recerl siep 0 stfng piotestinprameters,
'~ splits a second | aser beamenitted fromthe first :
which| inghede loations of ledges iof gredoivk maitripl tita teowsal suljest zagidn, an interval
- irradiates the splits | aser beans onto a
between the edges, and output power of a laser beam; aﬂnrdstepofexmmngalaserbmx, a fourth

step of splitting the laser beam into two using the optical systerm; and a fifth step of irradiating the two

20 split laser beams onto the two edges of the low-k matetial in the removal subject mgion.
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

8
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regi on between the edges ofthe renoval subject
region. A |laser processing apparatus according to a
fifth enbodi nent of the invention a laser 5
Wo\%@fbﬁéﬁ'} ng apparatus that processes a subj eel 88008002531
rch a low -k material is forned The | aser
processi ng apparatus includes a first |aser
generating unit that emts a | aser beam a first
| aser beam splitting unit that splits the |aser beam
emtted fromthe first |laser generating unit into two
and irradiates the | aser beans onto edges of a
renoval subject region of the low k material at both
sides; a second |aser generating unit that emts a
be pefralislae th exatral axay donactwitiorach dlhes et sepnod APsqsis¢ting nrqgessing parameters,
_that s?lips a 10 second | aser beamemtted fromthe -~
which énebdel lacafioas ofpgsiaesr &t tha lywiin meterigl iy agemevabgbjogh jegighs @n nterval
irradiates the. split | aser beans onto_ a r.egiagn

betwesatthgersigest 40 ouiggerewerr oftarfescr oagsy & fhird gy efcqmitiingp Siyt laggr beam; a

| aser processing nethod according to a fast

- fourtlpsiepcd srkiting the first Iaser hearm sppitics i thesthigt Fopdate twoiigg e gptiqy) system; a

on which a l'ow

o o AR SIS SRR kMt
i.ncl ud fj.rst step. of i.di tical t .

SRICHE i L e RSl e T

o A BSR  B 5  SrBEE  e

o B RS DB R B B SRR

I t f_ed f..the | ok ial i I
procely B0 o) mRCER < e vy L IR el § Bt TR tse
UE put f ' . .
proce3ifec U 8 e P e Bk sind itk Gl Jocaons of
I | . o the .
edge&ta‘i}??efiﬁﬁ%;f ep o Ia?%‘?%%@ig%%né t wo IZb% spi ?ﬁté iéa%ea?{] Qmpm

p(W"?enrovai su’bajlsg%)%ﬂ%%gl on. kﬂo%lggseer pr ocesgﬁcg%n@fﬁomg%&
into tRE;e R B8p SQpiRiHATRN Bisd BRACbARRA tHe lasd-BemisiMe Rid 190 it Ge thind
a laser processing nethod that processes a subject
step 100+ e TrrdddidtiapVvibi ggﬂu@&im &td edgsPek thelloe-K @&iefal in the removal
processi ng nethod includes a first step of providing
subjed RegRlat o8 sidey ShEAfttvMrIpQI sphittialz U @@6ndlaspetiem Gbtween the laser beams
- condensing lenses in which cut surfaces that are cut '
split iftfo tao B thel @i st sl atdeBt ancad lifaiiiceht ket lasr ésanhsontdBportions
WO 2009/ 014307 PCT/ KR2008I 002531 be parallel to the
betweeetht edpks aite doveb mbiaddl inthd kmeet dubpttigion. a second step
of setting processing paraneters,
A laser processing method according to a fourth embediment of the invention 1s a laser

processing method that processes a subject on which a lowk materfal is formed. The laser
processing method includes a first step of sefiing processing parameters, which include locations of
edges of the low-k material iﬁammoﬂ subject region, an interval between the edges, and output

'pgwerofalaserbeam;asecondstepofemi_tﬁngaﬁrstlasexbeam;aﬂlirdstepofspﬁtﬁngthe-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

9
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whi ch include | ocations of edges of the |ow -k

material in a renoval subject region, an interval

bet ween the edges, and output power of a |aser beam
wo3odoRhdzey step of emtting a first |aser beafcrraonsionzssi

fourth step of splitting the first |aser beamemtted

inthe third step into two using the optical system

a b fifth step of irradiating the |aser beans split

into two in the fourth step onto the two edges of the

low-k material in the renoval subject region; a

sixth step of enitting a second | aser beam and a

seventh step of irradiating the second | aser beam

emtted in the sixth ste onto a reglon bet ween t he
beany, weel @ ffeder of spbilseg the sere &rctb@mﬂhaen wiogwo and

third enbodlnent of the |nvent|on is a

Hions hepwser i gdgesof, ?@B%Emﬂ@ﬂalw#l%wmvﬂ
a lowk material is forned. The laser 10 processing
Jqﬁﬁa%w includes a first step of setting proceéssing
parameters, which include |ocations of edges of t he

low -k material in a renoval subject reglon

|nt v bet ween, t he ed nd, out put - mer o
bog'ér&ﬁtﬁ e lymgos HB‘P’EL@W?’% 5l @ﬁw fp the

thlrd of splitting the | aser beam into t wo;
' ~of splitting a first |aser bean1betmeen

th er .bea lLit into t in the third ste
'--f%é"’%a%z o it i o el ??PB‘@H%%“‘B‘%P%
?ﬁ | ow -k naterlm in the renoval
‘% gaﬁg% at both sides; and a fifth step of

EEIJH-% BT R AR Bl SE0M0 hESlEA oo

i e ﬁmﬁm?ﬁ?‘%ﬁﬂ aﬂ?&"‘* B s

unit 14640 m%@is@%?dr%'uﬁfﬂ 160%&@%&%0%@ &l tlﬁo%thlscase

according to a th enbodi ment’ of ntion is

th coﬁtnljl 110 o8 %hﬁ}g él@ar}%&%ﬁ% @k&%&xmmng
© %ﬁﬁcﬁ a %§?k na?erlg?gFE for he | aser

wnit mr &m&@m&b@mm VAR B dh@bie, SIdGR nithrorsiBlihd @t 130 drives
processi ng paraneters, which include | ocations of

the mBRYES T fopi@ ubiDWMO-iHpulRbAFdl Blrarh@erfankiRBMNBlonShHRiLEE output unit
region, an interval between the edges, and output :

150 dBpMR infofmation, 8GR Ias A8 apdratdng eRRNshdsheforgde @160 kkgs data. The
first |laser beam a third step of splitting the first
mirrod Hishsngterapropegatibd gkction dflte Isadead tist ie pmittat Horh to I @enerating
irradiating the split |aser beanms onto edges of the
unit 12()epdkheaptiett syatemi 18 colvienseeand vplits thellajeebdamitiagisaaflecitd dpghdmirror
sides; a fourth AT of emtting a second laser 9 WO

10 anQigaG4t¢ T30 laRTHERRO0SARS 053 ¢w-k material in a removal subject region.

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

Here, the mirror 10 may be ilﬁplememed using a reflection mimor or polygon mnror
When the mirrbr 10 is implemented using the polygon mimor, the polygon mimor is preferably a
polygon mirror that is manufactured such that the mumber 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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beam and a fifth step of splitting the second_l aser
beamemtted in the fourth step into two and
irradiating the split |aser beans onto portions

Wo%g)ﬁ%ﬁb t he edgeS of the lowk material i nPtI?ﬁ(Rzo08/00253l
renoval subject region. S Enbodi nents of the

invention will now be described in detail wth
reference to the acconpanying drawings. FIG 2 is a
diagramillustrating a structure of a |aser

processi ng apparatus according to a first enbodi nent

of the invention. As shown in FIG 2, a | aser ,

processi ng apparatus accordi ng to an enbodi nment of

the 10 invention includes a control unit 110, a
Meanpwiiles 2 Jg6h BIoasTRey ARFFRAIS 1Sg 2 PolyEe Biman i gisdigged i ForgaggPatent

an in ~unit 140, an output unit 150, a storage
Apvlicgipn Noat 20623 Fied i e dLoam dplicei Pispatreiies o M 3.

this case, the control unit 110 controls tPe entlre

2004 dyyetpe presmt applicat |Andassr mmﬁ%ﬁ%aﬁﬁyg%m

laserﬂ%ﬁ@@%@-wﬂaﬁ%aﬂﬁﬁgP ut utsn‘mz%lg’d ‘ﬁ?@ﬁﬁa t hat atert
oot B 155 B LBE Rt PR e Rt 1,

-zom%gbs?“‘ et e Pt Bt RS e Bt

ﬁﬁ@%%@gfﬂ{“g@ﬁﬁi%?? %né%%%%"ﬁ?*?%%n%ﬁﬂ‘ﬂ?%%m
%ﬁﬂeéﬁé'eQ &nses | RS SRBRL o AR e 17 i e
i BBk n&Qa?Qgﬂﬁégqghgges the split |aser
ges o)

eans mno Immknmenallnaremwm

su t3 ’aﬁgﬁiﬂ; %ﬁ&mﬁ:ﬁ% Klaser beam i
na?gﬁga rneﬁe reon I s un?hg on a stage 16, an(]JInaI1

B

in wi

| optlcaf é}?tem%%t 8 L& 1 the TR dhd TR UGOSLREANAE G TSRO o;emcal

stage noving unit 18. Here, the mrror 10 may

-ﬁ&ﬁ%@gﬁh%ﬁhg§hgﬁm@ reflection mrror or polygon
mrror. Wen the mnor 10 is inplenented usi ng the

PO NG Aows & BdRBinY §6ilt iftHelc@ where R I8 8¢281712)s ificident on a
pol ygon mrror that is manufactured such that the
condeRdiBI& T 20§uch S tRCdehi bl i Ib@®esn 2Sindiagis fit H@elfidm the tduger Clof
aperture of a | aser beamto cover a plurality of
the coh@h&iRCEAs®0. SEIGL 318 Spwata chitiengi@| rssgi fr the dateonhere Hdladdheam 22 is
2009/.014307 PCT/ KR2008/ 002531

' mcldem onthe oondenmng lens 20 mmhthai the center of the laser beam 22 inclines fo the left from

the center Cl of the condensing lens 20.

As can be seen from FIGS. 3A and 3B, if the ceter 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

.1@[15@5303.and30bmwhthaiamnmaﬂmfaceofﬂlemndeimgkenses%aandmbaﬁgnﬁwcm
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Meanwhi | e, a | aser processing apparatus using a
polygon mrror is disclosed in Korean Patent
Application. No. 10-2004-0022270 filed in the Korean
wo'zﬁﬁféusﬁ‘*f:t ual Property O fice on March 31, p2@R4ka 60002531
e present applicant A |aser processing apparatus
using a polygon mrror that is manfactured such that
t he nunmber of reflection surfaces is controlled is
‘di scl osed in Korean Patent 5 Application No. '
10- 2004- 0065066 filed in the Korean Intellectua
Property O fice on August 18, 2004 by the present
applicant In regards to these, the detail ed
description thereof will be omtted. The optica
ofﬂ%wwzzﬁm’mmmg@w@@ﬁamomb@wi t the

| aser heam may have a structure in whic

con%@ﬂ@‘?aﬂlj NN élsrﬂoa@fls%kﬂs%é%iﬂld %%éb%tar%%ﬁb@ﬁ%temed

of OIt h%iﬂlnttl cal ﬁ*’éﬁéﬁn: ll%ﬁwéfarg%g h CI‘IB g}el n det%lczand-
3B

ey é?tt @ b( each

|gv nt| Flrs E_wgr %A nden5| ng

ther s T 3&5%@% 2 gﬁ?&?ﬂ%@ B dent

2

Iogslglr Se%alntam %‘SF Inl’gimel ?f:’% %st(fn% :trclu%ﬁft Htlgl‘ c@&?‘é?‘%&ﬂm
mcﬁg)s%m ng resu 1degnq 'Sgsocasdzz'o\%h Fh}Gw“%nggr %eamb?ﬁﬁz
mek%%k%gfko P%E%f&" ggflnc I nes to Eéf g*ﬁﬁ%%%%$qb

%gmkens 20. As can be
Asafseg%n ?rom FIGS 3 a‘&g 3B, e center O of the
CO%W&%@WM&&H&@ g?:ﬁgﬂ?ﬁ%%aﬁ@ﬁﬁb%&mew of

the | aser beam a condensing | 1on of the |aser

the ileRMNdHHeard 33 iPAFERM, it R oldMOMUBaleh 8n CRDAL ASWAE theEiplt laser

20 changes. Using this principle, one |aser beamis

. beam§plit into two l'aser beans in the invention. FIG 4

shows the case where two condensing | enses 30a and
30Dfeowieatit aaadR o thb eicidar: fér behl B2 is BGrap@ lof Breef thinhiee distance
condensi ng | enses 30a and 30b and a | aser beam 32

' betwekss the v00 ebeind] s (Phed €O ér 3w gondbeing &aseS 83 mad AOE3 Glich contact

such that a contact surface of the condensing Ienses
cach@@a and 30b align the center 11

Meanwhile, sectional shapmoﬂaserbeamsthatmeenﬁuedﬁommeopﬁcalsym 12 are
sﬁaped to have clliptical 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. i

| FIG. 5 is a flowchart illustrating a laser processing method according to a first embodiment

ofthe mvennon

When the subject 14 is processed using the laser processing apparatus shown in FIG. 2,
first, conirol parameters are set by the mput unit 140 (S101). In the control paramefer sefting
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WO 2009/ 014307 PCT/ KR2008/ 002531 ofthe | aser beam
32, thereby splitting one | aser beam 32 into two
| aser beans. Specifically, portions of the condensi ng
wo hf9seSe30a and 30b that are a predeterm negorRirSb@RER31
apart ?ron1the central axes C2 and C3 thereo? are cut
to be parallel to the central axes C2 and C3, and
cut surfaces of the condensing | enses 30a and 30b
that include the central axes C2 and C3 5 contact
each other. At this tinme, the condensing | enses 30a
and 30b need to be in contact with each other such
that the condensing | enses are symetrical on the
- basis ofthe contact surface. In this state, if a .
Procepss iy OB PRREICER (R BEstersth 1 releprained it | 2esesding Bomkind or
~and 30b such that the contact surface of_the two

 procesgigfaRs Pinge PRREEES Siech A SRl W ¢ gress Rt 10nt Shenciie gpntrol

the | aser beam,32,. the | aser .beamis.condensed on .
paranecs e Progess gaRds casdy %ﬁﬁ%ﬂ@%&ﬁd%%@%m% DfCEFEEs At this
.. 30a and 30b. 0O As_a result, one | aser.beam 32 can
m@lﬁﬁ%ﬂ@%ﬂ%&%ﬁ*ﬁg T OpAtegiAldn a J&gno ?@Jeffir?%zn, ¢ inpyal between the

_ cutting | ocations of the condensi ng | enses 30a and
edges G OYPLL PR QLA e Gt g B (D BB ERe or boam 32 | s

L SRR R T

mimof il 23 2 2o 0E SRR IR R Y bR S5y oo

B8 0 eSS, s s
L P N ST
ot B L BLEpLD (RELA N DB OE B o

is iradiatePBS © SubRRE (050N ThS1aRF bdaBf R G SMER IR the RS JRIBg unit

axes of the ellipses align 20 the processing

120 isébit@Add iPRcidibrhe SRl kyls@mi 10 tRRkRINB e $6IPEr | OF

“processing efficiency. FIG 5 is a flowchart

| | IBvat thakahnle RolRsal ofltho® adReH i gotEicRNd 1BGE bty fivedin a
first enbodiment of the invention. Wen the subject

directidd oppBsip ERE&SSEhg dBdchigh, thB Brob SRy spid e8as Sicigee@ppar at us -
shown in FIG 2, first, control paraneters are set

by Att s finap dtcontrol bpetalion {sSiddbly panfotnired sadithat dle center of the laser

par amet er setting N
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 cemral axes of the two lenses.  Further, the |
laserbéamtbatis meident on the optical system 12 is condensed in accordance with focal points of
thehvoiensescdnstituﬁngthcopﬁcal systern 12 and split info two laser beams. The split laser
beams are vertically imadiated 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 splif 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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12 WD 2009/ 014307 PCT/ KR2008/ 002531 process, the
control paraneters are registered in a predeterm ned
menu according to a kind or processing type of the
woB§RBESF Ng subj ect and stored in a storage pdRidrdddBozss;:
Then, the control paraneter setting process can be
easily perforned by selecting fromthe nenu, if
necessary. At this tine, the |locations of edges of
the low -k material in a renoval subject region, the
interval between the 5 edges, and output power of a
| aser beam are set as the control paraneters If the
control paraneters are conpletely set, the |ocation

of the mrror 10 iis adjusted, t he ror drivin
aboveyiepqribadapethd thy rFepiERe I, éﬁﬁ‘?@’ﬁg%‘i“ﬁe’é 6%%@8 IS\WfB?%V@? feing a

m,rror s -conpqgsed of ol ygon n1nor the mrror
Wﬁ?@?ﬁ%ﬁ%%E%Tpﬁp%%ﬁﬁ?QWF(§5%£d accor di ng to the

opdh rpTiEes: FHE ﬁ%"%ﬁfﬁ@f%‘?%ﬁ %@ﬂ%@f ov%gtw
mgm%4 fn a %géﬁredetern1ned di ﬁ%ﬁgﬂéﬁgg ex ﬁﬁer
pﬂm%%%ef“ﬁ%gﬁﬁls Irragﬁg%%%ggwkgﬁ%%ﬁﬁ%§§é§ gene gﬁ%%ﬁkmﬂ

@EF%ﬁ%ﬁgfd <%8p%c§ﬁé§ﬂ%#rokgﬁ%&&%%gﬁ%?tougag%héééai s

_“dhgwﬁggg?%agfnovgg%ggaaéﬁéregqg gssentlal if the

ction opposite to a

PT 946564 g%a%&ei‘ﬁimgﬁhg ol Hcrl QSRS BRCEhpaa#s Rording to a

i nCrease time, a control oper ation is -

@umg@ﬁgﬁégﬁMﬂQ%&gg&gpd such that the center of the
[ aser beam aligns the contact surface of the two

| NS iR Bthd Somrlon@itst df e QR B bssiBY Sip@id shoMAGn FITE 2, the laser

aperture of the laser beamis larger than the

pmce&!:x‘gtaﬁmm%&f\a@ i B oRbdinak: fatesindhdd herdmmaphttRses:. 170, a
er, the laser

Furt beam that is incident on the

secon@ Bfitrdzall, 5 8 b@BhdlAirtoB dSAPARRIST The BEEDIPHBRE ity 70 Rplits a laser
focal p0|nts of the two | enses constituting the

beam @Rt i e@ltedHah 881 cameiagiit120.n tinetofide laxs deanbalanae sphhiey the
split laser 20 beans are vertically irradiated onto

beam tshlttidowait 4 @) 2 Sndident dvethe sondahinstbj. eThe seegidominmof driving umit 132
low -k material that is formed on the subject 14

controsSSkoppratidnref thh ssomglasiepr di nce the | aser beamis split.
into two | aser beans after passing through the
optSpaificallyy Stechratpsplifting jusit 18 Pt e lesst dpamy lemitivd dips} yhe laser

process the two edges of the renoval subject: Tegi on.
generating unit 120 into first and second laser beams and allows the first and second laser tobe

incident on the first mirror 10 and the second mixror 11, respectively. Similar fo 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, | 7
Meanwhile, the second laser beam that is incident on the secondnurror 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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- A spobgizsal a lasss beperibatds egtiaddiog %@@c@ﬁaﬂl@?ﬂ

After renoving the edges of the low -k material in

the renoval subject region using the 13 WO

2009/ 014307 PCT/ KrR2008/ 002531 above-descri bed

on@glﬁﬁ s the remaining lowk naterial betwegp ;Kl_cg@wtgmqsl

ges 1s renoved using a mechanical nethod or |aser

processing nmethod (S109). In this enbodi nent,

processi ng on the edges of the low -k material in the

renmoval subject region and processing on the

remaining | owk material between the two edges are

i ndependently 5 perfornmed. Thus, if the processing

on the edges and the processing on the remaining

lowk material are sinultaneously perforned, it is

.exﬂedmedeﬁumthETpmncﬁﬁn%mngH@e@wdawﬂmkﬂﬁmﬁihéﬂm%Eimm

increased. This w1l now be described in detail with:

- W%MMWWM@WW%MWO&WMamSWw

illustrating a structure of a | aser groce55|ng
HiDFRiGRDLOEL tp e a value
invention. 10 In addition to_the conponents f the
that isjofgised i sgbtesting e g aF e TORH S R gy theywidibef thedwg pdges
proceSS|ng apparatus accqrding to this nbodlnent
ﬁé@?baww@ﬁp

mﬂa@ﬁ?ﬂﬁ@??‘ Rt ol st 47 second
m r.ror nd a second m.rror dri.vin it 132. The
begiﬁ?sal% @tﬁ? hagh iliustpimg & Jpset Brogesyings E—‘I%&l"‘gé’ﬁ‘i‘?f‘g‘k%a

n1ttg fron1the | aser generating unit 120. One of
e o T %Vw%@th that are split by the bean1splltt|ng

g P By e s

: thﬂ@%ﬁ?tlo theﬁg ‘ﬁg 5P rgém%ﬂﬁaser ea%@%%%?%g%&ﬂmg

-W@%@?ﬁtﬁaﬁ@a %3%%?@‘%@ et el Bl blecB¥bT). - For
'eml%lﬁ%%ﬁoc%& %g%fﬁlge@%s ?_i}tgeclo e r&gfw%f Tuge&%ogwlmho&:@ﬂ&rval

e seco respec |vely

[ m@gﬂ%@%.pm&ﬂmg
%lrstg%é§g$@%%%¥§?ﬁht.ls I nci dent on the f1rst mirror

. gmmﬂ@mis split into 20 two | aser beans by the opti cal

systen112 and the two | aser beanms process the edges

P i g i n st s R el
moved BEths SeSNHovRN\@it 18%0 bidbva!§6 Sulet 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 opposiic to the processing direction, itis possibie to increase the processing speed.

The laser beam that is emitted from the laser generafing unit 120 is split fnto the first laser
beam and the second laser beam by the beam spliting umit 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 amd the optical system 12 50 as to remove fhe edges. At the same time, the second laser beam is
inradiated between the two edges of the low-k material in the removal subject region fhrough the
second mirror 11 so as to remove the remaining low-k material between the two edges (5207).

FIG. 8 is a diagram illustrating a structure of a laser processing apparatus according to a
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renove the loco k material that exists between the _
edges of the low -k material in the renoval subject
regi on. 14 WD 2009/ 014307 PCT/ KR2008/ 002531 In this
wo SHiBRtipENt, the beamsplitting unit 170 machfrao0s/002531
I npl enmented by using a unit capable of splitting one
| aser beaminto two | aser beans, such as a pair of
prisnms and a beamsplitter. A spot size of a |aser
beamthat is emtted fromthe second mrror 11 is
preferably set to have a value that is obtained by
subtracting the wwdth of the renoval subject region
by the widths of the two edges 5 that are renoved by
~the split laser beans emtted fromthe optical system
third epbodimey of the fryetiop| owchart illustrating a | aser

S T A e
o 5 S b A g
o LETRRE TEL S B RAE 0005, (150
O S RO o
fom i g 47 oo b o RS PR Ut SR PR s BP0 s i 0

fi.rst _andas r e |
e LML R RL e e i ks

o g kS b AR 8 40 20 2Bl

distar8 abeOpalYGo &R S colthctichehdotth. " @PkdnGit QRROSH $he 1k beam
a processing Irection (S205). Even though the

aliend VS ABA burfife JFR coiiRhS B lienks, dAOTasc® B&BNS dpfd nto bio 13RVIcREs. The
‘t he subject in the dlrectlon opposite to t he _

laser BUaRf 56 B pifl by SRt dpAl systerl 2 PO SHITREE okiS tHetRb @8RS of e lowk
processi ng speed. The |l aser beamthat is emtted from

matertal 8 HeRGRIvalGEHEX RioN &) 44 B rbmdRheilGw-§ PlaietialoNhetwoldge.i r st
| aser beam and the second | aser beam by the beam
S pINfdahiviig:, t@bctont Ter bm thai iscrhitteefont thesebond $atser| gareeting unit 122
beamis 20 incident on the two edges of the |low -k

is refleaRdden f@lsedond dive@r ¢ lemdwekliard bjte te subjpgl 1dn  Atthie tgh, thersecond laser
first mirror 10 and the optical system 12 so as to

beamficiadised eweed grswo Atiges beths ek triaiees! it the resewd sbjdchsgipn, and
beam i s

removes the remaining low-k material between the two edges affer removing the two edges using the

first laser bearn.

In this case, the second Iaser generating unit 122 is preferably driven at the prodetermined
time after the first laser generating unit 120 is driven.  The spot size of the laser beam that is emitied
from the second laser generating wmit 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
removexd by the first laser beam.

Meanwhile, a laser that is emitted from the second iaser generating unit 122 may be one of
UV ViS (Ulira Violet Visible), IR (inra Red), and CO, lasers.

1o



i rradi ated between the two edges_of the | owk
~material in the renoval subject region through the

second mrror 11 so as to renove the remaining | ow -k
wolRbRidse between the two edges (S207). FI Gpelud&odno2ssi

diagramillustrating a structure of a |aser

processi ng apparatus according to a 15 WO

2009/ 014307 PCT/ KR2008/ 002531 third enbodi nent ofthe

invention. In additi-on to the conponents of the |aser

processi ng apparatus shown in FIG 2; the |aser

processi ng apparatus according to this enbodi nent

further includes a second |aser generating unit 122,

a second mrror 11, and a second mrror driving unjt

13FIGE ish flewahart illestrating adrsgr oRIcasETRHMetpd Asrprdips tA 2 third embodiment

reference to FIG 2, the first |aser beamthat is ‘
ofthedmientiotd fromthe first |aser generating unit 120 is

D S o oS YT e i

o B o B 28 e ST G e

e B A i A .
4 e o 5. Pt e

5 SR R M Bl 4 L g

e |rrad|ated ont o the tmo edges of the low -k
erial in the renoval subject region so as to

P"m‘?ﬁ
the S coggﬁkgggéﬁgegﬁygLat |%%§%%%?g§g%§%n1the seco§MimE

o AN e e e
' %xrBduHi'F s3b8ie BREA Aol S Blovenlent HERMBubect hsrrfoﬁ%éﬁlﬁdif moving

ween the tmo edges of the lowk material in the

Qﬁmc@ﬁ% JiRERN §iSs foRfbld 16 fRfeke it phodusi
mﬂﬂ& nggérlal bet ween e two edges after renoving the e
two edges using the first |laser beam In this case,
the second | aser generating unit 122 is preferably
dr iTHe Bisd bedhd ¥8at BY A0 SoM thefitst Idskrgenchdih@iinitt 1D@isfircldait on the two
' | aser generating unit 120 is driven. The spot size of
15 edgestofithe l@8-E inal2fid i thih fdnolval sehjict fegidn thasigl tho first dnieros ECanddhe optical
| asér generating unit 122 is preferably set to have a

systent &0, tierebinovisg hbtdas(B80 My
Then, the second laser beam is emitted from the second laser generating unit 122 (S309),'

and is irradiated befween the tworedges 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).
20 As such, the edges of the low-k material in the removal subject region and the remaining lowk
material between the two edges are simultaneously renoved.  As a result, it is possible to process
fhe subject having excellent processing characteristic while maintaining a high-speed operation.
' FIG. 10 is a diagram illustrafing  result that is obtained by removing a low-k material using
a laser processing apparatus of the invention. |
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subtracting the wdth of the renoval subject region

by the widths of the two edges, which are renoved by

the first |aser beam Meanwhile, a laser that is
woSihiggy fromthe second | aser generating URchEk3dosiBEs1

be one of W ViS (Utra Violet Visible), IR (Intra

Red), and CO2 | asers. 16 WO 2009/ 014307

PCT/ KR2008/ 002531 FIG 9 is a flowhart illustrating

a |l aser processing nethod according to a third

enbodi nent of the invention. In order to

si mul taneously 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 .
.t heRedermresto FIG- (18¢two siigse B apch2 oba waipm kevhsrsn Igyve nasdqrial, which

_.according to the kind and processing type of the - -

needsfp 8"0’@@9}’?%@‘1 algwjkdpaieriplon gy potinggy kg Byis fogncd ipempsd ypingfhglaser

of the edges of the |lowk material in the renpval '
procesying FPEaS o5, ingiG. P e P el sgremgyeg by a

L
EE SR S A s

oo SR A R 39 RS I BB v

e R A SR S 1 B B S Sl v

_ 'rgp@j RQRQ@i;g ] h gﬁQ!gg !§§ftioh, it is
gos | ﬁﬁﬂ 01N reagég e&%%g%% SI AQ %peed. The | aser

ooy G o o B SR bk G5 R, Bl) it e
B S Al R SRRNE R LRy AU B ne
subsely RAPMbAES, 1SR URertISAQ bsion BRE i e RERMDul@S Rhion can be

beamis emtted fromthe Second | aser generating unit

preverigfidrPBER remowAd Aficah bé @6 RéiR 31080 WRRAods AR abiRitBOEE Sharply

of the lowk material in the renpoval subject region

 proceésBl, QR impries Saempdni¥chiiendd. t hereby renoving the

remai ning |owk material between the two edges
( S31d Ylescription has been given to the case where, in order to process the subject where the

low-k material is forred, alaserbeaﬁzis sphtmto 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 afier) splitting the laser beam into two laser beams to remove the low-k maienal 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, whenﬂminﬁmvalbememtbcedg&iislarge,ﬂleapémneofhehserbeam
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20 As such, the edges of the lowk material in the
renoval subject region and the renmai ning | owk
material between the two edges are simultaneously
wohSPRYRs: As a result, it is possible to preggasodsiB2ssi
subj ect havi ng excellent processi ng characteristic
whi |l e mai ntai ning a hi gh-speed operation. FIG 10 is
a diagramillustrating a result that is obtained by
renoving a lowk material using a |aser processing
apparatus of the invention. 17 WO 2009/ 014307
PCT/ KIR2008/ 002531 Referring to FIG 10, two edges
D1 and D2 of a region K where a |l ow -k naterim

s B A B St B2 HSh ot Pl oh 1 A B
m@ﬁ@%&%ﬁ&@%@%ﬁ&%&“@ PRI %gea”d e

‘ﬁ ni.cal °§ﬁ§§ﬁ§§13§¥F°d or Iaser g;o%ﬁ§§gp%%gﬁmkka

o B B 4080 B SR e 18 FU568 e
sty S BB b e Zhfd @m‘%ﬁ%ﬁ%g%@?%?%h& ns

ﬁg:erla caneﬁgpggggié ]ﬁﬁgmﬁﬁently ﬁ%gﬂ%%?%ﬁ Ofﬁm

,“g@ﬂﬁﬁgﬁ%%@%ﬁ.%?%ﬁ%’%"' %@geﬁﬁes%ﬁ%oﬁgﬁmm

s@x 'tAslaa : it id Fosi6i8 FPmiti et ical esising
rennval Ject

reglon is defined. Therefore

powef @ﬂpﬁ'aﬁﬁw& 8tk BMAK HREhE MmdirfngPlowSUREREHI aidr 1RE Qﬁ%mg in a

he low -k material in a region other than the

$@m%ﬂ%3h&eglon can be prevented from being
renoved As can be seen fromFI G 10, the edges are

ac GuGS ek ynd 6 Shdisdgnys TlphRes s s@dspt whreradyiglowk astedsal using
manuf acture characteristic. The description has been

a pluglity6lastrdednide case where, in order to process the
subj ect where the 15 low -k material is formed, a
| agfst, HEamMA shosp laistatel whee 4 oK maienial bSasforhel sremswdconductor
the edges of the renoval subject region, and the | ow
substraie 10edng chipd 10bat fupead it h predukgained sgioenoved at the same
- time as (or after) renoving the edges. However, when
t hén fhewek imwbioh sl lovwrstaiaial i5 krenoyertjossepamts Gerehipsdl 0§ diomgpach
a |l aser beamat the . ' o
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 Jine-
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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same tinme as (or after) splitting the | aser beaminto
two | aser beans to renove the low -k material of 20
the edges, the aperture of the | aser beam needs to be

' according to the interval betweenyl ﬂﬂ%&z
o iR,

6 and 8, the aperture of the Iaser eamth
is emtted fromthe second mrror 11 shoul'd have a
size corresponding to a value that is obtained by
subtracting the width of the renoval subject region
by the wi dths of the edges, which are renoved by the
two split |laser beans. At this tine, when the
i nterval .between the. edges is |arge, the aperture of
the | aser beam 18 WD 2009/ 014307 PCT/ KrR20081002531

 splittieg wi Hheplis adeser bamel emived Som Swdpstr soeratipgunitd 3@ into g fser beams,

" becones weak. As a result, even after the low -k
andmw@nd mmaaé@wﬁr@m Wm@mm splitiing

remai n_between t he ed Accordlngly,

unit l%wtsxxwa&sqrhemsmdlﬁtﬁﬁ@ éﬁ@ﬁmsmnwgheeﬁ@% 5?’@ Bpmoval subject
h k I f d

reiony 0453 BiFG br BHGHE Bt Hb e AHEFhFHBAS g%w g T boam

qmmgﬁgkﬁgeuggg to SIgayS|cal %$S|st1n ﬂ@ gat : ’ the

|n anot her enbodlnent of the invention, while
PRECHRR: Kk material of the edges usi ng two

i D B
onto %%%%F% f'éﬁ t%gﬁ%ﬁgfﬁ@%ggﬁﬁﬁc redl s%hes poner 1?ﬁer¥mgasa
te*@%%a& R, B B oL A SRR 2109 P e i
splitt &&?%Sa:é%% 19:d DEvelth 88 SaeFLER: su ﬂj%(?lremuégiﬁe%ﬁdmr%ll and

agrans IITustrating a toncept
th pﬂ@ag i3 B syt A b Lo &Fan%e@%?éd@&memal&éﬁgrmesmn
i g);Stle:agA"s st at e wher ow -k material IS ®

rmed on a sen1conductor, substrate 101 and chi ps
105 are forned in apredeterm ned region. 15 In the

Cagsr thil pbsethd BRardaD Wetovilen TR Bdek Bdarrs Shak SERMR Gy iR second beam
separate he chi ps 105 from each other, as shown in

sphittirehuést 1 M4ifsonirdlied to®é/elsaritds @eividth Gfthdxbxﬁo@ﬂ@@&ti@%m Fukthe, the

renoval subject region is renoved while at |east a
at leasp ot lasef b€ thuiowe eritiebfr@n il thitdbean Isgitingnmit 0% dretonerdlied to be

the edges is line-
mmmﬁd&mmwnmemmk&xhwmswmmhmeammﬂﬁmmﬂmxmmﬁhwmsﬂmmgmm1%1

The first beam splitting unit 172 that splits the laser beam emitted from the laser generating
unit 120 into two or the second beam splitting unit 174 that splits the first laser bearn 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 spliting unit shown in FIGS. 13and 14.

Further, the third beam splitting unit 176 that sphits the second laser beam emitted from the
first beam splitting umit 172 into at least two may be eonﬁguredusinganyoneofthebeamspﬁtﬁng
nits shown in FIG. 4 and FIGS. 13 to 16 according to the number of split laser bearns.

Hereinafter, a structure of a beam splitiing unit that splits a laser beam into two, three or four will be
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processed. In this way, it is possible to mnimze

resistance due to the low -k material during a 20

subsequent process using the blade. FIG 12 is a
wo%@gfam il lustrating a structure of a | ase|i,C-D,Iﬂmosm2531

processi ng apparatus according to a fourth

enbodi nent of the invention. The | aser processing

apparatus according to this enbodi nent includes a

first beamsplitting wunit 172, a second beam

splitting unit 174, and a third beamsplitting unit

176. The first beam 19 WO 2009/ 014307

PCT! KR2008/ 002531 splitting unit 172 splits a |aser

beamenmitted fromthe | aser generating unit 120 into
exemplifigd] aser beams, and the second beam splitting unit

174 splits a fast | aser beamenmtted fromthe first

be difssts PIGS 1arpgd 1ginare dipgams Hlugraingn fryehe obe byl pBiting unit that

irradiate the split |aser beans onto the edges of the

splits s eam iBieByVe BN 4 REgno Nl i Eruetey te boan splidipe ot in 'gifs A mmirror
# (ZPDIrtéﬁtlf@%%ﬁm p'@se‘gsmtam@m‘émwe%% 5 e e et on e

-mﬁ 59@ beams g as t&@ﬁé%@g% plit Iaserw ?&‘ﬁépﬂm

I:ggz}r bearrB that are split into two by t he second
splitting unit 174 are irradiated onto the

g%ﬁ,'glf theggrﬁg%j{o 14 thwﬁt&he@%rs nirro%%m’and

o P%SB-} [ ppade 205 o hd '?’a%%be@?%h 38 e PR e MthpeBlofi t become

) tt|n nit..176.ar ed between . t.h
Symnbegm?lhe s% tjgférct’nlﬂlﬁr%zugﬁg)tcﬁe gseco rrgtfh %ferci%c‘]n emitied

ﬁomhlg: ange éﬁl n a %}cﬁqﬂa%ll on ver%xgcal tO a processi ng toan

opticfl nGEF e tﬁamciaa%o%%&@tasrb#ﬂ@ﬁé'aﬂaﬁg%b%ﬂ%%ﬁmm

| aser beans that are s second beam

themﬁ%{#j@@}t?glﬂé%ﬁtoﬁ%ﬂie?b&&%ﬁﬂgluﬁﬁoﬂm 18 kg 13ame as

he width of the renoval subject region. Further, the

15 ol exhi@AI6 br Scliork 5 B RGNS M ard Rt Bt besh @Ry tuhis as

third beamsplitting unit 176 are controlled to be

showi il FICH Q9B b etheaRBrvhINGtwIeR thedSRl sch@abBar B Km@hy be changed

emtted fromthe second beamsplitting unit 174.
according to a refractive index of the beam in the prism module 202.

.Meanwhﬂe, FIGS. 14A and 14B show the case where a laser beam is split into two laser
beams by a beam splitier. 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 Spﬁiier 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 Jaser beam that is reflected on the beam splitter 211, The mirror

#1 (214) reflects a second laser beam that is fransmitted through the beam sphtter 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 beamn whose polarization characteristic is converted by the polarizer

212 and transmits the second laser beam that is reflected on the mimor #2 (215).
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The first beamsplitting unit 172 that splits the

| aser beamenmtted fromthe | aser generating unit
120 into two or the second beamsplitting unit 174

WO% its the first |aser beamemtted fﬁ,@@@@osmmﬁl

|rst eamsplitting unit 172 into two may be
configured using the optical system 12 shown in FIG
4 20 or the bean splitting unit shown in FIGS. 13
and 14. Further, the third beamsplitting unit 176
that splits the second | aser beamemtted fromthe
first beamsplitting unit 172 into at |east two may
be configured using any one of the beam spllttl ng

units shown in FIG 4 and FIGS, 13 to 16 acco lngto
t heAmepele %w%quf the fesieqnd secapslaser e mdhe f@?m unit i as

structure of beamspllttln unit that spli
showp g IE. HABRC B ASe R B 335@3@@%%@5@“0@%@%%

200 014307 PCT/ H 22008/ 002531 exenplified. First,

rloca“P’P 2&el>*3b are diagrams illustrating a

str tg%e:ﬁggm%%lbea ﬁ%ﬁ?{é’tﬂ%ﬂgﬁ uni t. t hat S%Iglﬁzg%gﬁ% fitter
SR o P Pl Gscdtst B on e
m&ﬁ%dsz})lt .“ﬁt 0 o, bZﬁ&“ Qeﬁn! ror #2(203) that reflects
grheas% Wrrorpé}%gz %'%wpl? o%s&%&mr b% rj%fﬁona)
polan%ghj‘iﬁﬂoglg@&aﬂ?l ovvs %‘ZE?&\AHD@&%%%%H ans s mﬁ%@g&hﬁ%ﬂmm

?%ngm agg%ﬁo s an opt| cal

aX'ﬁG@ﬁSM&ﬁdiﬁS L REARHAIV R § bR shilft@hoRibd B3 splits a laser

nodul e 202 such that "the optical axis of the Iaser
kesfebecones horizontal to an optical axis of the
| aser beamincident on the minor #1 (201), and the
| aggthe BeARplIAS urlit R0 dimbR S M HRkm H2pikt 28Shwo using
is incident on another beamsplitting unit or mrrors

a bearhQpiRfflank boe M4 ¥l Ers@TbeSREH kb szaifiné B dsidg @ pridde arHier all,
that are split by the beamsplitting unit is as

the beahGftirgRmit$pfs thb3dBer béhe intdtvee.val bet ween the two
sem circul ar | aser beanms nay be changed 15 according
t 0 Refomimaititi Ve, ithedexn sfitting vintiacindesa hehm spittersi ragpolatizer 222,
202.

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 inio two laser beams, and the polarizer 222 converts a

polarization characteristic of a laser beam that is reflected on the beam splitier 221.  The prism

-module 223 splits the laser beam whose polarization characteristic is converted by the polarizer 222

into first anid second laser beams.  The mirror #1 (225) reflects a third laser beam that is transmitted
through the beam spiitter 221, and the mirror #2 (226) reﬂectsﬁwﬂﬁrdlaserbéamﬁ}atis reflected on
the mirror #1 (225). The polarized beam splitier 224 reflects the first and second laser beams that
are emitted from the prism module 223 and transmits the third Jaser beam that is incident through the

mirror £2 (226).
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Meanwhi l e, FIGS. 14A and 14B show the case where a

| aser beamis split into two |aser beans by a beam

splitter. In this case, the beamsplitting unit
wohflehtdes a beamsplitter 211, a polarizer pd¢grosino2ssi

mrror #1 (214), a mrror #2 (215), and a polari zed

beam splittcr 213. The beam sputter 211 splits an

incident |aser beaminto two | aser beans, and the

pol ari zes 212 converts a 20 pol ari zati on

characteristic of a first |aser beamthat is

reflected on the beamsplitter 211. The mrror #1

(214) reflects a second | aser beamthat is

transm tted through the beamsplitter 211, and the

m réwexample of A of dieflasenbearnyibat 8w aplih by thelsam spiimgunikageording

is reflected on the mirror #1 (214). The polarized

- o ﬁl@e@h@d@m iist gseshoven i K1t | Fpt dbe ¢ ey ofsthg psERmpdule 223 is

whose polarlzatlon characteristic is converted by the

contrlise i jfigpt the Trgeraih efitestin G {1t e ScsRIEoRF sy Bshle, the
that [ reflected on_.the mrror
1 the s IR 8F GOBeded to A%&#%*é&tﬁﬁ&f’oelﬂsqf BBt % hgome
of the first a econd | aser b n the be )
symrgicp .e?r'a Qs e TR ORI beGoRaliL o acjust the
bet ween the two | aser beans may be

k”“%%ﬂ%?ﬁ@F%ﬁﬂﬁﬁm%hanglng the location of the minor
(P T BRSPS &@%W%gv -

i afSh il ;'Q;'i‘o% i a‘%ﬁtgélagrf%noagmm@o

sp]rtteg p?{) ri ZWM*VEF@W@PWO %[dnear ton.

B

splutter 213 nmay be a pol arized bean1splltter t hat
transmts P polarization and reflects S polarlzatlon
10 Hrin{sSmbdBAe e B boifis SR 1R Yassf bONE Mtisinddol 8fkh of

a beamsplitting unit that splits a | aser eaminto

the twlo 16 Gaser!bBnts1€spRARRIG Plabck bdahfl ubthl 4 be6 SR NPk R, dnBlaSer beam

odinment, a |aser beamis split into two using a

mqmﬂg@mk@ggkbggg and one of the two split |aser beans is
split again into two using a prism After all, the

b e Rafesriiitd FIGNTHAY thie beasplittise triend@ised prigg armthﬂaw i beagesplitter
232, a polarizer 233, a mirror #1 (235), a mirror #2 (236), and a polarized beam splitter 234, The

four.

prism module 231 splits an incident laser beam into two laser bearns, the beam splitter 232 splits each
of the two laser bearns split by the prism module 231 into two and reflects and transmits the split aser
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 transmitied through the beam splitter 232, and the mirror #2 (236) reflects the laser beam that is
refiected on fhe 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 mcident through the mirror #2 (236).
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_ 15 Referring to FIG 15A, the beamsplitting unit
includes a beamsplitter 221, a polarizes 222, a
prismnodul e 223, a mnor #1 (225), a mnor #2 (226),
Wogéz]}%mﬁw | arized beam splitter 224. The begrailidshdiss:
ts an incident |aser beaminto two | aser
beans, and the pol arzer 222 converts a polarization
characteristic of a |aser beamthat is reflected on
the beam sputter 221. The prism nodule 223 splits
the | aser beam whose pol ari zation characteristic is
converted by the polarizer 222 20 into first and
- second | aser beans. The mirror #1 (225) reflects a
third | aser beamthat i.s transmtted throu
- beam sprple ofsectipasiof theiserberansifiat wrofolithy theotpay %@PE@@E ageording

the third [ aser beamthat is reflected on the mnor

 to thiggmbogipmyt is FYEowBInIG KB, b Baertems bobren s fingt o fouthy laser bears

. the first and second | aser beans that  are enmitted

may perpangeth by gmirel s ibeitsirectivoigdesof the PR mofde £Heor i argneement of
| aser- beam-t hat is incjdent through the, rror tﬁt

fhf:m(@zé%(ﬂ %WWP@#W ﬁ © muirror #2

| e of sectlons of th ser eaps th are spllt
36)85y toge Apfcalgris ot 3 W&EBW%E% |
- enbodi nent i s. as sh FIG 15B. The refractive
md“éxsue}m W@@?ﬁ%ﬂﬁ% e Sy i [ it s60ond beamn

T - R AR ot

i S BRI g 08 B i

oe e (isleif oﬁﬁﬁt%é?%‘%%*ﬁ 057 AL} ) i
sete 155 BE AL et fdy pé!%lrf@%%%%on@?%%?%%%%%% e
bemnégr}%ﬂfﬁ& Shgi‘-Anélda‘}%eam spll tte‘rljmggveégm%%%bzatl o

polakd %ﬁggﬁﬁ&P tHansLL $dd
anéﬁéﬂeﬁfﬂe ' po arjlogajtz;ggér?d jf138 FI GS. 16A and 1ggﬁt§%eumm

shom? afa\/ Iy'aﬁ&\% idaly B8 LhAddsiord (AR MRl Enm atidish example
: at splits a [asef beaminto four. Int

mm&mf@pfg 1pne | aser beamis split into two |aser
beans using a prism and each of the two split |aser

beaNEs. i1$ 1519 ard diAghin® ilns@athg e borogm bfsplitsig vobea ibe a beam splitting

sputter. That is, one |laser beam
unit using a prism. : :

First, FIG. 17 is an exemplary view fllustrating 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 ofthe_laserbe’éms split by the first prism such

that the laser beams are parallel fo each other.
A folding angle of each 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 and the second prism 303

is controlled, the sizes of the two split laser beams may be adjusted. I an optical axis X of the
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is split into four | aser beans. 15 Referring to FIG
16A, the beam splitting unit includes a prismnodule
231, a beamsplatter 232, a polarizer 233, a mrror
), a mnor #2 (236), and a polarize B3N
Wog&o?/?fzt?@r 234. The prismnodule 231 spli tsgg? 087002531
inC|dent | aser beaminto two | aser beans, the beam
splitter 232 splits each of the two | aser beans
split by the prismnodule 231 into two and refl ects
and transmts the split |aser beans, and the
" polarizer 233 converts pol arization characteristics
of first and second l'aser beans that 20 are refl ected
on the beamsplitter 232. The mirror #1 (235)
scoon! pispsY0p & o %%W%?&@W&Y%FW
transm tted through the heam sputter 232, and th
m FI@Y. 18and(13 3 disemms diuptmtingfa° iptaal betyee s WaEbeqes
refl ected on the mnor #1 (235).  The pol ari zed beam
ﬁm“@ﬁﬂﬂ hepismes | ect s the first and second |aser

e Bl St

thl and fourth |l aser beans that are incident

clod kY”r‘i"r Othe mirror #2 (236). 23 WD 2009/ 014307

.I

Iase ﬁéEE%S%%gF@E%%#¢%R%§ '“§ ean1sﬁ?g%?%nah ﬁﬁk&ﬂ'
beamd R Py Pt PR AY B %&@@%H}l Deebl gk 3 e

ceon nae B$|sn1nn Ig&?%%&%&@%he arrgngenE &ﬁﬁﬁéeﬁhggbm
TS R O PR B e

: ]ﬁmmgﬁﬁg imgRarallel to an opt|cal axis of a laser beam
ot at%%s I ncident on the prism231. As such, in this

| NERMAT | OBhowsNBe | @R HhRE RS sdkbfl pREE rétts Fivd D tehWandYim 2
the second beam splitting unit 174 are irradiated -

comni@bRvish@rgiges (refer to 107 of FIG 11B) of the
processing region, and the |aser beans that are

S plaistearl Betson! fiin FIGS, 081andtly, if the sdobidpisth S631s Sythnitdly acgted along
unit 176 are irradiated onto the portions (refer to

the opi@0axiifX, He Giterlsl Bywhaliheen silihiesceithgascanbe tHasgedr ocessi ng

region. Therefore, .inh n 10 state where the |loco k

naikﬁua&mmﬁmﬂpﬁ&ﬁm@ymﬂsdumgﬂmu&mqua%Mgsmmmmeawmdmgmﬂm

the volunme of the |aser beamis reduced, the
ﬁnmhmmh&hnmmgHMnMﬁhnmﬁhﬁhm@bmnbmﬁbﬂ&b&sMﬂ%ﬁﬂamdvéd usi ng

a bl ade. Each of the prism nodul es 202, 223, and 231

t h&IG. d¥0eis s Sdwihartt iHestriging ra munr@mumﬁhcsl according o a fourth
ernbodiment of the i invention.

First, processing parameters are 'set by the input unit 140 (S401). In the processing
parameter setting process, the processing parameters are registered i 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 eas‘ly performed by selecting from the memy,
ifnecessary. At this time, the focations of edges of the low-k material in the removal subject region,

the interval betwesn the edges, and output power of laser beams are set as the control parameters.
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shown in FIGS. 13, 15, and 16 may be conposed of a
pair of triangular prisnms, and an exanple thereofis
shown in FIG 17. 15 FIGS. 17 to 19 are diagrams
ting the concept of splitting a be HE%*Z
wo [le]g@nﬁtggpfl tting unit using aprism First, % 1@08{022531
an exenplary viewillustrating the prlsn1n0dules
202,223, and 231. In this case, each of the prism
nodul es includes a first prism301 that splits an
incident | aser beaminto tw and a second prism 303
that changes directions of the |aser beans split by
the first prismsuch- 20 that the. Iaser beans are
parallel to each other.. A foldin ngl e. of each of

t hdf the pracessing gerarmele are sprRlFEly s he Oseéﬂl?émﬁ?’e?fépéﬁw'

| set to 120 degrees. In this, prismnopdul he
by the it et ity ad m%e?‘a}é@ ﬁwuwmm%%ﬁ- FBRRA0 is

prlsn1303 iS.con Ied t e sji zes of the it
com PPSS‘% &F 2 FRlYERn WL I’Pffﬁesaﬁao a§°°%“l§ft°th
24 V\O 20 9/ 14307 PCTI R2008/.002531 .seco
prodetsbtincd ragpon 15 ﬂlee&% %%‘@%%396%10"6 the

Subje%qllt agg ?Eﬁ?ﬁﬂﬁ WhCha FIGS ﬁégﬂand 19. aﬁpwmm :'

B dependi an rval betmeen the prismns.
Whml'giq?sg“t‘%ea‘?—’{% g e eﬁ% élgge where the second prism

e A S M s M Lo Yt 0

| m@%@%@ 520 R 0R LR SBBI AL ie |t

']gs%gs on:edaﬁﬁsaﬁxﬁedawﬂ&f@nﬁ&ﬁng ifer it 120 is

conc eam As a result, "the effiect o

pﬂmﬁlﬁgﬂft by 0963 @gg@@ﬁ@ ot 17280 BB o HAEE 8 Fer besklkpliting

I'S 1'nventi on I vergence angles of the two

wit 1 bk e k43 86 BeATBAL EuahOBEA 0 adj ust ¢ he i nterval

O between the split beans. FI'G 19 shows the case

m%@ﬁ&hﬁs@w S SibRGAT i iltagaifidntb @0 labdiBEanisiby the
second laser beam splitting unit 174 (S409-1) and then incident on the two edges of the removal

subject region. (841 1.—1). The second laser beam that is split in Step 407 is spht again into at least |

two laserbeamsbythethirdhserbeamspﬁtﬁngunit 176 (S409-2)andth£nincidembnporﬁons

between the edges of the removal subject region (5411-2). |
| Therefore, the edges of the removal subject region and the low-k material formed between

the edges are simultaneously removed by the split Jaser bearns ($413),

n the above-described embodiment, the laser beam is primarily split and each of the split
laser beams is secondarily split, thereby removing the low-k material. However, the mvention is not
Timited thereto and various changes end 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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countelrl ockwi se direction. As can be seen fromFIGS. -
18 and 19, if the second prism303 is mnutely
adjusted along the optical axis X, the interval
wobB&loWERE, the two split |aser beanms can be clg,@@gﬁgws}ﬂgzasl
Herel nafter, a |aser processing nethod using the
| aser processing apparatus according to the fourth
enbodi nent of the invention that has been descri bed
above will be described. FIG 20 is a flowchart
illustrating a | aser processing nmethod according to a
fourth enbodi nent of the invention. First,
proceSS| ng paraneters are set by the input unit 140
(5401). I n the processing 20 paraneter setting :
ﬁﬂh%‘*ﬁé’%& %Wﬁ\“@‘éesm ng parameters are registered in

prgﬁlgg@?rerm ned nmenu acgordl t.0 .f he .Ki Ed og b liting

it e %a#mwné?v%e@gs ‘ﬁws%@?r@gé%%%%@?ﬂomahavm |

W‘ﬁ%&gﬁgﬁlﬁﬁg}”om t he rrenlf%qm{()&ggecasssr% i At%ﬁgqr;&%(gﬁoﬂm
%Va'og%&ub%ﬁfﬁ 529130 B R B S R e i

o &%%ﬁ# SRR RPR R lﬁfu&ﬁﬁ%ﬁ%gé’%-iﬂ?n%m%eg@g ips g o

f the f t 10
adJ uset%&gJ %{g?:% fthe%Qﬁthanﬁﬁr ro rivi ﬁg Iu£n8t rlnsgo;nd aI s
I ﬁjk%ﬁ.
1831?15 cbrrpose i égo%}mr%?)g ﬂ;cqﬁﬁ %p%lt%%n{l% %)Sr0 are
pre et er %&%Q fglgt ?Q%%@spegg%ﬁg cont un| t ﬂg‘ 13

servir@REIBLERedE 158 298 1RO Bt ctiansd ek ﬁmﬁ il Sniat least two by

Subject 14 'n a predetermned direction (for exanple,
the seflint 86t HRLAPBRY B e IrdiRedEREBS 5d ﬁ&s&%&ﬁiﬂe%esmsﬁb&tm
| aser beamis irradiated onto-a subject) (S405). Even
throughRd@bork] RirEFON @B e offical JySterf UB) 48€ the slit G bEHBY dudhged il 2
I f the subject is noved to the direction opposite to
directiof eertivaltc e piotegnectiiteetiohl on, the processi ng speed can be
increased. Then, a laser beamthat is emtted when.
cofmhe ptirciplegpftshittingasiater femeinmt tivagthrae ort fodrA0 simfiar t4 €hat shown in
primarily split by the first beamsplitting unit 172, ,
FIGS.an1B, arldd, whikh ldelien describedalmes enithidsdsartalrd descgiibn thereefvill be

tted

FIG‘ﬂbaﬂowchﬁﬂ@tﬁngalmmmﬂgm&h@mﬂhgmaﬁﬁ |
embodiment of the invention. .

In order to process the subject using the Iaser 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 accordingtothe]ﬁndor
pmm&whgﬁmeofmcpnm&mﬁgsd@aiamiﬁbmdhxgﬁmmﬁlmﬂ1&1 Then, the processing
pmmmmxﬁﬁmgmmxmcmﬂwemﬂypx&nmﬁby&*w&gﬁnmﬂwnmm;ﬁhﬁﬁwmy

If the processing parameters are complefely set, the locations of the ﬁrst an& second mitrors
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unit 174 and the third laser beamsplitting unit 176
(S407). The first laser beamthat is split in Step
S407 is split again into two | aser beans by the
} aser beamsplitting unit 174 (5409
RWO§ﬁ§@?glnC|dent on the two edges of the reng%%ﬁﬁﬁﬁmmmsn
subj ect region (S411-1). The second | aser beam t hat
is split in Step S407 is split again into at |east 15
two | aser beans by the third | aser beam splitting
unit 176 (5409-2) and then incident on portions
bet ween the edges of the renpval subject region
(5411-2). Therefore, the edges of the renoval subject
ion and the low -k nmaterial formed between the
10 andlem ecbestodbiue ot sognc rame gy i BOgpA 162 sy first and
beanms (5413). In the above-described enbodi ment, the
secoriddaserbegragan m@(ﬁﬂ&irh g SEPrA)+  When cachiof the first and seppnd mirrors 10
20 | aser beans is secondarily split, thereby renoving
and. }iHa cqraRgsadftagiolvapn misheody P EtaieR gicthedngant ot grcording fo the

limted thereto and various changes and nodifications

e et )
a-?gzz: pr.ocessj n ar accord:ng to§g 26 V\Odéﬁimﬂcm “
?Ff@éﬂ?a‘g@é' %t@@g@)%%}s fifth enbodinent of
AR S el B R PR et o
- 4%|It%$ﬂ§ﬂ?unlt 18%@%@%@%%%%%?nd be gglittung Fggér
| 12 to thg"gn&%tolrrg‘% @ﬁ%sgﬁ$&$£$ratPﬂggéﬂiﬁm”nmby-
Mt rﬁ%% SRlea un??%iiﬂ%% o B s of
the ﬁﬂﬁdﬁ @Bﬁk@ﬁpng |r9£%§atesﬁﬁﬁe sp Hm;&%mﬁ”mgx

|nto at t two a aser

&= su F%%?2%€ 1@?%§&$%%P§f%&@@§xﬁe Ias gﬁiﬂ?hSQﬁgygﬁimﬁ
split 1558 tefimd £ BcitiMPoPife %@:g%é lfthé feBe Hi?aje&ré@& (S509-

are irradiated onto the edges the subject” 14

)Y through the first mrror 10 and the opt|cal system 13

- Therefore, the edgm of the removal subject regions and the low-k maiaenal formed between

the edges are simultaneously removed by the_spht laser beams (8511).

in this crmbodiment, the first and second faser beams are sioltaneously emitted, bit the
invention is ot limited thereto.  That is, the first laser beam is emitied io remove the low-k material
of the edges and then the second laser beams is emitted to remove the low—k material between the
edges.

Meanwhile, in the fourth and fifth embodiments of the invention, each of the first and
second mm‘o:s 10 and 11 may be composed of a polygon mirror.  Tn particular, it is preferable to
control the mmnber 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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10 _serving as the condensing lens. At the sane tine,
the | aser beans that are split into at |east two by
the second beamsplitting unit 182 are irradi ated
\NOQﬂan&Eﬁ portions between the edges of the psihiBedsnttssi
through the second mrror 11 and the optical system
and the split |laser beans are arranged in a
direction vertical to a processing direction. The
principle of splitting a |aser beaminto two, three
or four is simlar to that shown in 15 FIGS. 4, 13,
and 16, which has been descri bed above, and thus the
detail ed description thereof will be omtted. FIG
22 is a flowchart illustrating a | aser processing
et Fedeserdeam gisplij intoat deast iffor fnd teprineat beast #re irradiated onto the
invention. In order to process the subj ect usi.ng the
edged oferrerpelsuiist rgion pibering s b Fpliednpio theysgion betvcen
20 proceSS|ng araneters are set by the |nput uni t
edgiep of s cemyoval e aegisino Bl AeshiFah® Fbpequa progggs In which the -
process, the_ processing paranet s ar e, reg%§tmimﬂﬁmgpmm3r

mﬁl&‘“ﬁ#‘é’ﬁ‘é?’éﬁﬁﬂﬂlﬁéﬁfqﬁ’éﬁﬁw i RS

e GARFER AR For s RGBSR R 0 R B

mﬁ aramet er. setting process can-be easily performed by
frmt he nmenu, if necessary. If the

P S BteRRl A e e S B RS es %%Eﬂmlgemybe..

%?/ 0343%7 RCT/ EgR2008| 253%Pf#1€)|’\‘}""%5°1l11n| 3 l%sslho b e

ﬂ%@%ﬂd@ﬂ%t echhRlifl gy a5 r'cwe%?ﬁ? .rs@rag%%@"tl‘hggm
or YRR LA S B o s O Gr6Fasl B 8,

) Do,
contég*gﬁnlt %%%m%perates Ihﬂﬁstg%@&%%%@ﬁ%@%%??gﬁgﬁmmkmm
<faxﬂ%%ﬁs&ﬁﬁmém§H@Mﬁ&hméémkﬁdaﬂﬁ%ﬁﬁﬁ&ﬁ%ﬁhﬁﬁﬁmg.feCthﬂ

(for exanple, direction opposite to a processing
“direction where a laser beamis irradiated onto a
subj ect) (.S505). Even though the novenent of the

Q)=

INDUSIRIEC WPPEIOA@ILEYSential , if the subject is noved to

the direction opposite to the processi ng direction,
t hecpsdiag 6 i gnwepead oA hdagh iHRCeasedf 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 aﬁer 'rf:r;;oving the edgés of the low-k material in the removal subject'region,
which improves the processing spwd and productivity. '

‘Further, a Iaser bearn is split into two or more laser beams to remove the edges of the low-k

" material and the low-k material between the edges is simultancously removed by a phurality of laser

beams, which further 1 unpmves processing efficiency of the subject.

Meanwhile, alaserbea:nlssphtlmoatleastfom]aserbeams, andtwo Iaserbeams’fheleof
mehadiated@oﬂleedgesofﬂlercmoval subject region and the other laser beams are irradiated
onto the region between the edges of the removal subject region. In his case, during a subsequent
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Then, a |l aser beamthat is emtted fromthe first
| aser generating unit 120 is split into two by 10
the first beamsplitting unit 180 (S507-1), and the
ser beans are incident on the two 5
‘Wo?ﬁbh%%ﬂﬁval subj ect region (S509-1). The Iggg§§%g§#?k61
that is emtted fromthe second | aser generating
unit 122 is split into at | east two by the second
beam splitting unit 182 (S507-2) and the split |aser
beans are incident on the portions between the edges
of the renoval subject region (S509- 2). 15
Theref ore, the edges of the renoval subject regions
and the lowk material fornmed between the edges are
el is KemBEFly remaysd it ip pesble (Sminimize
ﬁ% In this enbodlnent ‘the first and second | aser
phym EEtog pever i A the lspils Popteali. + hergiorsy fiis Rosible forpbtafy g spcellent
s not I|n1t thereto. That is, the first | aser beam
procepsiyig sharactegisii GIEPRVFEE lowk material of t he ‘edges
and t hen the second | aser beans is emtted to renove
the lowk material between the 20 edges. Meanwhil e,
in the fourth and fifth enbodi nents of the invention,
each of the first and second mrrors 10 and 11 maybe
conposed of a polygon mnor. In 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
pol ygon mrror. 28 WO 2009/ 014307 PCT/ 122005/ 002531
The | aser beamis split into at |east four and two
| aser beans thereof are irradiated onto the edges of
t he renmoval subject region and the other |aser beans
are irradiated onto the regi on between the edges of
the renoval subject region. In this case, during a
subsequent process in which the remaining | ow -k
material is conpletely renoved, it is possible to
m nimze physical resisting power 5 due to the | ow -k
mat erial Therefore, it is possible to obtain an
excel | ent processing characteristic and processing
speed It wll be apparent to those skilled in the art
that various nodifications and changes may be
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made w t hout departing fromthe scope and spirit of
the invention. Therefore; it should be wunderstood
that the above enbodi nents are not linmtative, but

wo hdobMBs§At i ve in all aspects. The scope 10 @fr/k8oosn02531
invention is defined by the appended cl ai ns rather
than by the description preceding them and
therefore all changes and nodifications that fil
wi thin nmetes and bounds of-the clains, or equival ents
of such netes and bounds are therefore intended to be
enbraced by the clainms 1INDUSTRI AL APPLI CABI LI TY 15
According to the invention, even though the structure
of the optical systen1izﬁghﬁﬁgly changed in the case
where the ow k materi renmoved using a |l aser

bean1 the renalnln | owv-k - nateri al ved afte
ren T O b S L g & ik i s
vaI sub ect ion whi ch i nproves the
ﬁmm%ﬁ Pﬁﬁfﬁkﬁé@ﬁmgﬁ 9ﬂ§50t|V|ty Further, a |aser.
bea s spl.it re | aser beans to renove
t hé %ﬂggﬂﬁ%' naf%élal and the | ow -k

git:rgﬁmh§§é¥y é?h?aser q%mgﬁ%ﬁkgﬂ+ch %%%?%é?&ﬁgﬂ%ﬁgnmmj

. 589?3%! ency -of the subject '
- andi Jsfmﬁgﬁmﬂ aSéQ%Hgé%$ﬁg’Sp|lt into at |east four

et R St B %‘@%sfm? el in $hifn ou surfces that
mec@ﬁ%%ﬁ%%lon %gﬁﬁgéﬁ fﬁe edges of Fﬁgﬁ%gﬁgggmégﬁgfggﬁ&p“ﬂh

i.om. In this case, during a subsequent 29 WO
cach SKARY 4307 PCT/ KRR008! 002531 processin which the

I € N el bbt QMK hd Tvb 8l Bber b QTR @ing hithd i@RMISSwedr twb Sdges

possible to mninmze physical resisting power due to

of thelldVRk itk inWBtBsvabdubjed RloRf ore, it is possible to
obtain an excellent processing characteristic and a

processing speed. 30 WO 2009/ 014307 PCT/ KR2008/ 002531
CLAIMS . 1. A | aser processing apparatus that

pr Qc eShAscrauiing appamas ohiladm 1a | ow k material is
wmmﬁumduﬁﬂmkﬂﬂb&m@tﬁﬁhmmpm&ﬁﬂmm@r&sqﬁmﬂg&mnEshmﬂim

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

1'J&h&xpmaﬁmgz@mmmmfmipmnmgﬁa}mﬁaﬁon“mmhaimmknmmmﬂﬁ
ﬁmwdﬂmk&xpmusﬁgagmmﬂgammﬂmgj
& laser gencrating unit thai emits 2 laser bean:
a beam sphitting unit that splits the laser beam cmitted from the laser generating unit into

an optical system hat splits a first Iaser beam split by the beam splitting unt into two, such
that the inferval 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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formed, the |aser processing apparatus conprising: a

| aser generating unit that emts a | aser beam and 5

an optical systemthat splits the | aser beamenitted
wobl®@Lie 1 aser generating unit into two a%rmoosmozasl

|rrad|ates the split | aser beans onto the subject,

wherein the optical systemincludes a pair of

condensing | enses in which cut surfaces that are cut

at a predeterm ned distance fromcentral axes to be

parallel to the central axes contact with each

ot her, and 10 the interval between the two split

| aser beans is the sane as the interval between two

edges of the lowk material in a renoval_ subject

r e wiwor hat rRes mseend dsrdean sl ba Fisdeue sitig uplf ad pfiaws the

wherein each of the | aser beans that have passed
ﬂwmﬂ#ﬁm%ﬁ?@ﬁ%mmﬁﬁﬂﬂﬂn@%@W&ﬁ@@ﬁ%ﬁ%ﬁ%@mfwmQEﬁhave an

elliptical shape by a cylindrical |ens, e be|

i 1 rvsgrei thero wﬁqlésfsteﬁ@%lﬁfl?féwgfw@ev%@é?ﬂs?%e’g%

ap arat us that pro es es subject C | ow k
% Predgtermiged digmce Eﬁm‘/ﬂ C‘*&*Ega’feafﬂ?ﬂ with

nprising: a | aser generatlng unlt that emts a

that

'QMh? er beam 20 a beamsplitting unit that splits the

| aser bean1en1tted fromthe | aser generating unit
into ~an optical systemthat splits a first

Lﬁiﬁ?rT?ﬂﬁ%? RREIoE AR OB don the tuo split laser
b h
- eaq%m&ﬁ bl sanggfla Eﬂﬁ%ég?gﬁ%vg?éggﬁ]e%%ﬁ%eglonﬁmtwo

dgﬁ@nd irradiates the split |aser beans-onto the
Subj ect; and 31 WD 2009/014307 PCT/ KR2008/ 002531 a
mrror that receives a second | aser beamsplit by the
bean1sp|itting unit and allows the second | aser beam

ﬁﬁﬂ%ﬁ£§$ggﬂkﬁmﬁ kmat eri al between the
tmo e ges erefnm the optlcga system' ncl udes .a pair
- of \ARRABRSKRE shIfRRSRiiMAY CfistthodSl iHAGRE ah Bdiient laser beam

o two.

6. The laser processing apparatus of claim 3,
 wherein the mirror is conmposed of a polygon mirror.

7. Thelasaprom’sihgappmamsofclahn 3,
wherein the mirror is composéd of a polygon mirror of which the number of reflection
surfaces is controlled, such that an aperture of the Iaser beam covers a plurality of reflection surfaces

of the polygon mirror.

8. A laser processing apparatus that processes a subject on which a Jow-k material is
formed, the laser processing apparatus comprising:

32



10

15

20

are cut at a predeterm ned_distance fromcentral axes
to be parallel to the central axes contact with 5
each other. 4. The | aser processing apparatus of

wo Sédllse» Wherein an aperture of the second plg58bdRRaEs1
I's the sane as the interval between the two edges.
10 5. The | aser processing apparatus of claim 3,
wherein the beamsplitting unit includes a prism
nodul e that splits an incident |aser beam into two.
15 6. The |l aser processing apparatus of claim 3,
wherein the mrror is conposed of a polygon mrror
7. The | aser processing apparatus .of claim 3, wherein

the mrror is conposed of a polygon mirror of which
thé“#%ﬁ%%gﬁ%?m%QPﬂg@??% 5 2 lasgy faces is controlled,

bl hepe i R é“@%&%&%s%ﬁéfﬁw?%%%ﬁﬁ%sﬁmmm
o, b RSP bR T R ot b b e

e R R e e

eperating unit that emts a | aser beanm an optical’
&é@ﬁﬁ #m t hat splits the |laser beamentted fromthe

koL R R spP%ngﬂgms beir”éhi S the
Sane a3 hiGu b&é%‘i&&l@%"&‘rﬁ&d Hﬁ }’!ﬁxgifobe

material 1n renoval subj ect reglon

irradisi® dubo Hggﬁg%mggﬁgﬁihggmgént 5 on the subj ect; a

~secon aser generating unit that enmits a | aser beam
aNGyherein the optical system includes a pair of condensing lenses in which cut surfaces that

-aremﬂatapredetennmedd:stanceﬁomcmﬂalaxwmbepmﬂeﬁomecen!ralaxesoontactmth

each other

9. The laser processing apparatus of claim 8,
whereinthé, secbndiasergenemﬁngmﬁiis dlivet;ﬁlepredetenninedﬁmeéﬁertheﬁrstlaser

B genexaﬁhgmﬁtischiven. ,

10. 'Ihelaserpmces&ngapparamsofclalms
wheremanapernn'eofthe}asabeamﬂmtm emited from the seoond}asergenerabngunrtls

controlied to be the sameasﬂlemhervalbetweenthehwo edges.

11. The laser processing apparatus of claim &,

wherein the mirror is composed of a polygon mirror.

12.  The laser processing apparatus of claim 8,
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a mnor_that allows the |aser beamemtted fromthe
second | aser generating unit to be irradiated onto
the low -k material between the two edges, wherein
wobbRoeRh} cal systemincludes a pair of condeggigiBeosmo2ssi
'enses in which cut surfaces that 10 are cut at a
predeterm ned di stance fromcentral axes to be
parallel to the central axes contact with each
other. 9. The | aser processing apparatus of claimS8,
wherein the second | aser generating unit is driven
the predetermned tine after the first laser 15
generating unit is driven. 10. The | aser processing

apparatus of cl.aim8, erein an.aperture of the -

| BB R PRES FTRAA QL SPSBUTTIRE O B S PuBB of refection

generating unit is controlleqd to be th a s the
surfes S G Rleth BRI FORETRAS ﬂ@dﬂ@@i@% 6PV 2 Dl | s petion sinfaces

processj ng apparatus of claim8, wherein the mrror

.‘fﬂ@EQW8@HBB§%d of a polygon mirror. 12. The |aser

processing apparatus of claim38, 33 WO 2009/ 014307
PCT/ KR2008/ 002531 wherein the mirror is conposed of

LR A U0 o SR s
ook GRS Begl! 1 Lo ecton surfaces
O RSP Ol on M 2 vk

CO o8 PO ALy LB b i

mitisiPlit S the laser beamenitted fromthe |aser
genefating wunit into two; o -
a second Iaser beam splitting umit that splits a first laser beam emitted from the first laser

beam splitting umit into two and irradiates the split laser beams onto two edg&s ofﬂielow—kmatcﬁal
inarembyd subject region; and
a third laser beam splitting unit that splits 2 second Taser beam emitied from the first laser

beam splitting unit into af least two and irradiates the splifsléser‘beamséntoaregionbetweenﬂle

-edges of the rernoval subject xeglon.

14. The laser processing apparatus of claim 13,
wherein the laser beams fhat 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 eachoftheﬁrstmthhdlaserbeamspﬁﬂingmﬁtsincludesapairofcondensing
lensesinwiﬁchMsmfaoesthatmeciﬁatapredetmmineddismnceﬁumwmala@stobepamﬂdm

the central axes contact with each other.
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10 a second | aser beamsplitting unit that splits a
first |laser beamemtted fromthe first |laser beam
splitting unit into two and irradiates the split
wob@sfiappans onto two edges of the |ow -K Myigfmbos/on2ss
I narenoval subject region; and a third | aser beam
splitting unit that splits a second | aser beam
emtted fromthe first |laser beamsplitting unit
into at least two and irradiates the splits | aser
beanms onto a region between the 15 edges of the
renmoval subject region. 14. The | aser processing
apparatus of claim 13, wherein the | aser beans that
are split-into at |least two by the third | aser beam
splitting unit are arranged in a direction vertica

}o ptg essin directioggﬁ%%q§lsybjigt.mﬁo 15. Theh
aser ék%%@?ﬁﬁmgﬁﬁﬁ?%F aim 13, erein eac

of the.first.to.third Jaser beam.splitti units
PR, et it o i BRE boag RS ekl pocle e

. surﬂgcg _Qat. re cut at a predeterm ned di stance
qm@??%%lce%F‘a g%%ﬁ“%o be parallel to the central axes

contact with each other. 34 WO 2009/ 014307
'PCT/ KR2008/ 002531 16. The | aser processing apparatus

of ¢l ai Q@gﬁgig SRS 3 ast to third | aser
‘begﬁisp ﬁ%%ﬁﬁb unr |ncP%%%§ﬁgaggisn1nndule t hat

S Pl Jitesi B B SR ¢l hggggmmP L 0uger 17. The

| aser progggg%ng ag%g%g%us of ¢ %@ﬁ%%@'or 16, wherein:

eagPE%g%£§§%&?%§&aﬁﬁd&g&ﬁgrhgﬁgr beam splitting units

in irst mrror t refl ects an incident .

| aSishRtle MRS HRALR fbabd $hd frf ikl i@l anheam

refl'ected on the first mrror into twd; and - 10 a

10 S € GRAGndMRroPhartrdiRbts 18 faked Blatns kPR inlodw6 by BESEE: riddule!

i-nto. two by the prism nodule.

18. Thelaserprocessmgappaxams of claim 13,
| whereinéaéhofiheﬁxsttoﬁlirdlaserbearnspﬁtﬁngmﬁtsincludcsabeamspﬁuerthatspﬁts
15
19.  The laser processing apparatus of claim 13 or 18,
wherein each of the first to third laser beam splitting units includes:
a beam spliiter that splits an incident laser beam into two; |
a poiariier that converts a polaﬁzaﬁén characteristic of a first laser beam refiected on the
20 bemsplie; | "
 a first mirror that reflects a second Iaser bearn. transmitted fhrough 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

35



18. The | aser processing apparatus of claim13,

wherein each of the first to third | aser beam

splitting units includes a beamsplitter that splits
wo Hbohfishdent aser beaminto two. 15 19. Thechag8hesno2s31

processi ng apparatus of claim 13 or 18, wherein each

of the first to third |aser beamsplitting units

includes: 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 20 beamsplitter a first mrror

that reflects a -second laser beamtransnitted through
. the beamsplitter; a second mrror that reflects a
Mm% econd | aser beamreflected on the first mrror, and

a pol arized beam sputter that reflects the first

| aser beam whose pol ari zati on characteristic has

ool b B BT hesecond 55 W,
OSSO G T
e T
4 e e P e

processi ng apparatus of claim 13 or 20, wherein the
third beamsplitting unit includes: 10 a beam

. splystt 5Qq¥“§4 '%amé LAhHenL dpaser beaminto two;
a &%Iég%ger a%bg ve??g a pgyéﬁ?%ation
gzﬁﬁgggﬁﬁLﬁ&d&wﬁgﬁﬁﬁghﬁﬁgﬁwggan1reflected on the beam

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

-a polarizer that converts 2 polarization characteristic offhclaserbmmﬂected on the beam
 splitter; |
a prism module that splits the laser beam whose polarization characteristic has been
converted by the polarizer into ﬁrstandseoondlaserbeams;
a first mirror that reflects a third laser bedm transmitied through the beam splitter;
aseoondﬁﬂérthaimﬂectsthethirdlaserbeamraﬂectedonﬂleﬁrstmhron and
| app}mizcdmgpﬁmmﬁﬂmme'mmmmmmm 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 umt includes:
apﬁsrnmodulethafspﬁtsanincident]aserbeamimotwo; and

a beam splitter that splits each of the Iaser beams split inio two by the prism module into
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a prismnodul e that splits the | aser beam whose _
pol ari zati on characteristic has been converted by
the polarizes into first and second | aser beans; 15 a
wo bédoRlasfd Nor that reflects a third laser be%@rmeusmozasl
transmtted through the beamsplitter; a second
niirrorthat reflects the third | aser beamreflected
on the first mrror, and a polarized beamsplitter
that reflects the first and second | aser beans
emtted fromthe prismnodule and transmts the
third | aser beamincident through the second m nor.
20 22. The | aser processing apparatus of claim13,
wherein the third beamsplitting unit includes: a
prisn1nDduIe that splits an incident |aser beaminto

| adar DEe TErTEE PR ol5%8) TR pr | om modul e | nto
S AT 1 2
oA B AL b%fﬁﬁﬁé*ér “Beam I nto tuo;
spl %Pﬁﬁ%tﬁtﬁ%%@%ﬁg@pr%%ﬁ%gﬁ% Into Eb?vvo an Wodule into
%%%%%P%@%m#rco vé%%s polgflL;t:gﬁeghgfggfer?stlcs

of fi faﬁ%a ,N‘éﬁygﬁ’anka EhalBiRcs o fitsOmll 88ondMerttdins reflected
beaﬁ# tter |rsﬁ%ﬁ1rror t%%ﬁ reflects third and

ser beans transmtted through the beam

Onmé i %@%r, 10 a second mirror that ref lects the
| 2S8#st REAMHEGEALE R ot FolrthaserbednSittraldntitic@irowdh the eam splitter;
pol arized beam splitter that reflects the first and _
S €GRRGnd RRRF thRGSHES:s I RSE bR réflcc @b tBdfirst mirror; and
characteristics have been converted by the polarizer
and golzARAMedrs spiler thilindfdoraid fifspatidtsboohd@ g be@@nmhose polarization
‘incident through the second m nor.

- 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 anty one of claims 16, 20, and 22,

wherein ﬁ;e prism module includes:

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

a second prism that changes directions of the Iaser beams split by the fixst prism such that

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

a oylindrical 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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15 24. The | aser processing apparatus of anyone of
clains 16, 20, and 22, wherein the prism nodul e
includes: a first prismthat splits an incident |aser
wobsRMpt 0 two; and a second prismthat chapgesroosoo2ssi
directions of the |aser beans split by the first
prismsuch that the |aser beans are parallel to each
other. 20 25. The | aser processing apparatus of claim
13, further conprising: a cylindrical |ens that
shapes a sectional shape of the | aser beaminto an
el liptical shape before the |laser beamis irradiated
onto the subject 37 WD 2009/ 014307 PCT/ KR2008/ 002531

sub%GA{* ser processuéapgg&arat us th@wg%mgsei?‘ﬂ% il is

rocessi ng a parat us conprising: a first laser
fmﬁﬁﬁ%&ﬁ’%?‘ﬂﬁsw “a laser beam a first

R LR “%%““ﬁs%?é?%glsg'ekte?ai ne laser. beam
| tm i g B o B mﬁa (9° B i e
bOth }‘r&bec’:li‘flad an a se%%ﬁ%aﬂ%gsera eam S &?{Qﬁ&t oh%fl‘he

: low-ﬁxﬁ%af L+tﬁ second | aser beamenitted from t he
a

con ser’ generatl ng Unlt into at | east tV\D and

| r radi Ak ééa&a'igdﬂﬂ’%&?% PBmOHI0 a region
betvveen t he es o %e rermval subj ect region.

V\,her X0 Llaﬁé%%an??ﬁ&%%ﬁbrpﬂat APRSL LR 1REr tehd eAR8® from the second

ans that are split into at | east

laser ol St 8908 wh BREHralRE TS it fudeh Bmb Bith 2 1@ between the

rranged in a direction vertical to a proceSS|ng

cdgesHif e ferloRA] setfdct Yepig 0] ect 15

27.  The laser processing apparatus of claim 26,
wherein the laser beamns that are split info at least two by the second laser beam splitting unit
are amanged in 2 direction vertical fo a processing direction of the subject.

28. The Iaserprocessmg apparatusofcla1m26
wherein each of the first and second laser beam splitting mrts inchudes apa1r of condensmg
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 each of the first and second laser bearn splitting units includes a prism module that |

splits an incident laser beamn into two.
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28. The | aser processing apparatus of claim 26,
wherein each of the first and second | aser beam
splitting units includes a pair of condensing |enses
wobbholiseh cut surfaces that are cut at a pre@gﬁ@&ﬁhg@gﬂ
di stance fromcentral axes to be parallel to the
central axes contact with each other. 20 29. The
| aser processing apparatus of claim 26, wherein each
of the first and second | aser beamsplitting units
includes a prismnodule that splits an incident
| aser beaminto two. 38 WO 2009/ 014307 _
PCT/KR2008/002531 30. The | aser’ processing apparat us

n126 or 29, mherei ea the first and
m rro?qltp3 tr ectg{gﬂjn i Nci dﬁﬁg ,Ieggl udesm g ];JII‘IrE:n
f|r m. No f?ﬁﬁt??jﬁﬁ@‘?ﬁ?@iﬂg secondﬁffﬁg? ?Eazhe
el st i e e
26|ﬁ%ﬁ%?€gén%%t§ﬁms$ lfeiff% seco@? aser belalmt
Zﬁ F%@Pd%%% asefa%ean1|%%ggg@%%&ﬁgbgéﬁéw: qﬁa&%? >

processi ng apparatus of claim26 or 31, wherein each
of the first and second Iaser bean1ep|itting units

dg% splits an incident

Iaser an1|n 0 a polarlzér that converts a
pol@[e}ea@%é nd s bRm Siifiing Silits (RRAL DA plitter that
reflected on the ean1spI|t§Er a first mnor :

qmmgﬁﬁﬁméﬁﬁgﬁ%aﬁﬁngogﬁpond | aser bean1transn1tted t hr ough
t he bean1splltter-

32.  'The laser processing apparatus of claim 26 or 31,

wherein each of the first and second laser bearn spliting nts includes:

.abamnqmmr&mumh&annmﬁmﬁh&ﬁbannumnmm

a polarizer that converts a polanzanon characteristic of a ﬁrst laser beam reflected on the
beamsphtter | N |

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

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

a polarized beam splitter that reflects the first laser beam whose polarization characteristi
1_1asbeenqdnvertedbyfhepolaﬂzeragdnanmeﬂmsecondlaserbemnmﬂectedonme second

TITTOL.

33. The laser processing apparatus of claim 26,
wherein the second beam splitting unit includes:
a beamn splitter that splits an mcident laser beam into two; and
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a second mnor that reflects the second | aser beam
reflected on the first mnor, and a polarized beam
splitter that reflects the first |aser beam whose

woBfbAidisgati on characteristic has been convegiggabignozss1

the polarizes and transmts the second | aser beam
reflected on the second 20 mrror. 33. The | aser
processi ng apparatus of claim 26, wherein the second
beam splitting unit includes: a beamsplitter that
splits an incident |aser beaminto two; and 39 WO
2009/ 014307 PCT/ KR2008/ 002531 a prism nodul e that
splits one of .the |aser beans split into two by the

beam splitter to t 34. The rpcess .

p A REeF gy %?hsgébeaww}% e SRR o s g e
spllttlng unit |ncludes 5 abeamsplitter that splits
an incident |aser beaminto two; a polarizes that

r'co ertﬁlg%folartzatlog gh%nggée@ stlg 8£|22$nggafg

that |ts | a %Ehwgose pol ari zati on
%E‘ﬁ’*‘“ Bifle 7

chd? converted by the polarizer

|nt ﬁh i!@ﬁ@FHQ& iwol0 @ first mrror
thét ect ? |r]g‘q aser beam rahsrnlttedthrough '

therggﬁf&%er cgeam rpé) 808&8 %egﬁémw;ﬁlﬂ%%ﬂ%%ﬂ

t hi ted first mrror, and
SplitnQ,olarlzed beam splitter that reflects the first and

second | aser beanms em-tted fromthe prismnodule and.

tr asﬁﬁet&ﬂ ﬁm&h@ﬁtabgdh& hasRE RaRMWhARE paedktdnNEpRaRihd Bas been

seco mrror 35. The | aser processing apparatus

conv@ied By 8¢ fBier intd ¥ /akd odnl Bisr@eitd beam splitting unit

i ncl’'udes: a prismnodul e that splits an incident

| asffst ReRTHaHRCE Wird REE b&nbeamigRl thibigithettoah s ts

each of the | aser beans split into two by the prism
D Chbkcdndl ffrfor that reflects the third laser beam reflected on the first mirror; and

a polarized bearn spliter that reflects fhe first and second Jaser beams emitied from the

pﬁﬁﬂﬁmdﬂcmﬂtammﬁmﬂwﬂmdb&ﬂbamnkmﬁmﬁﬂmxghﬂmsxmmhnmmn

35. The lasor processing apparaus of claim 26,

wherein the second beam splitting umit includes:

a prism module that splits an incident laser beam into two; and
ab&maqﬁWxﬁmt#ﬁ&amhofmmkﬂxbﬁmmsﬂﬂhMﬂmmbyﬂwiﬁgnnxﬁmehm)

36. 'The laser processing apparatus of claim 26 or 35,
wherein the scoond beam splitting unitinchudes:
' aprism module that splits an incident Iaser beam into two;
a beam splitter that splits each of the lascr beams split info two by the prism module into

- 40



two. 20 36. The | aser processing apparatus of claim
26 or 35, wherein the second beamsplitting unit
includes: a prismnodule that splits an incident

WO 5@§,§{43‘p,eam into two; a beamsplitter that sprikrSiRacRs1
of the | aser beans split into two by the prism nodul e
into 40 WD 2009/ 014307 PCT/ KR2008/ 002531 two and
reflects and transmits the split |aser beans; a
pol ari zer that converts polarization characteristics
of first and second | aser beans reflected on the
beam sputter; a first mrror that reflects third and
fourth Iaser beans transmtted through the beam

z%@%h&% %&g .that reflects the |aser
ecte on t Irst m i

ean1re m ner; and a pol arized

1851?;1;0& Citamacleli@icd drhist and Qééotﬁﬂ&é@xrﬁéams reflected
0 S Ol a

Ias oeans rization characteristics have
mpﬁggiﬁgﬁyerted by the pol ari zer and transmts the
o third and fourth | aser beans incident through the
S € GO rnfithd: il refleliQ 4R end/B8:H 128 0eaid DA SSBIMoRB R badnkiSplitter;
of any one of clains 29, 33, and 35, wherein the
5 prifson@aitopthhrieete s lasat bhd Bfleckil bt filbatimePhndt S an
- incident laser beaminto two; and a second prismthat
Chaﬂﬁﬁﬁzﬁlmkﬂﬂa&hﬁ&eﬂe&eﬁkmmmmmlbbmmhnmmn
~ first prismsuch that * the | aser beans are parallel
charatierisBHavelele tonvdied 39 theTjoRrikd ant rpsmitaisihig arjppathdbesbeans
of claim 26, further conprising: a cylindrical |ens
meiddnhibtonghthpesndndeet | onal shape of the |aser beaminto
an elliptical shape before the |aser beamis
“irradiated onto the subj ect

10 - - 37 T}mlaserprocessmgapparatusofanyoneofcla:ms29 33, and35
. wherein the prism moduie inchudes:
aﬁrstprismtbatspli!sanincidentlaserbeaminmmo;md
asecondpnsmthatchangesdnechonsofﬂlelascrbemnssphtbytheﬁrstpnsmsuchﬂzat

_ﬂlclaserbeamsareparalleltoeachother

15
. 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 radiated onto the subject.
20 39, Alaserproc%siﬁg method that processes a subject on which 2 low-k material is

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

central axes contact with each other;
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20 39. A laser processing nethod that processes a -
subject on which a low -k material is forned, the
| aser processing nethod conprising: a first step of

wo Bé09Mi@dng an optical system which incl udegc/rididsoedss:
condensing |l enses in which cut surfaces that are cut
at a predeterm ned distance fromcentral axes to be
parallel to the central axes contact with each
ot her, 41 WD 20091014307 PCT/ KR2008/ 002531 a second
step of setting processing paraneters, which include
locations of edges of the low k material in a renoval
subj ect region, an interval between the edges, and

Ot il Ui S AR, i B 0 o v
o 8 SAR B R OB Bl 151

bea@Nt 0 the two edges of the low -k material in the
renoval subject region. 40. The | aser processing
metiael sRp ofdn@iify 3Rser her conprising: 10 being
performed between the third step and the fourth step,
a (adoukthskpo ¢ 183t behrh iri@iwoREing @6 SfticA) Sy3#nt 410
first and second | aser beans and allowng the first
| asefthRRRBT ikaiiding the Ghe 9t a@bde ofPiht 6/ cdsd $f BFlowsnlaterial
a (3-2)-th step of irradiating the second | aser beam

in theQ@hc¥alaulj@ficgibn. bet ween the two edges. 15 41. The

| aser processing nmethod of claim40, - wherein the

- aperture of the second | aser beamis controlled to be
the sane as the interval between the two edges. 42.
A |48s eThefasopassising metbbdafdlainh 3, iphocesgismza subj ect on
which a lowk material is 20 forned, the |aser
pr deipgspirfognedieinedn ot sispiang the Hufth stet st ep  of :

. providing -an -optical system which includes a pair o
'Comdéh)gmﬁrgppf@ggﬁxg&xwaserbeammtoﬁrstandseoondlaserbeamsandaﬂwdngme

first laser beamn to be incident on the optical system; and
a (3-2rth step of mdxaﬁng 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 the iriterval

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 ofher;

a second step ofseﬂing processing parameters, which include locations of edges of the low-
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whi ch cut surfaces that are cut at .a predeterm ned

di stance fromcentral axes to be parallel to the

central axes contact with each other; a second step
wo8boeRed3b1 Ng processing paranmeters, which i n@lctd@k008/002531

| ocations of edges of the |ow 42 WO 2009/ 014307

PCT/ KR20081002531 k material in a renoval subject

region, an interval between the edges, and out put

power of a |aser beam athird step of emtting afast

| aser beam a fourth step of splitting the first

| aser beamemtted in the third step into two using

the 5 optical system a fifth step of irradiating

he .l aser beaps_split i.nto t in.the fourth ste

ol i R el o g sl e e, ] Oxy? e of & e
~enmoval subject region; a sixth step of emtting a
Second | aser beam and a seventh step of irradiating

t he SRF Bgagg ﬁ;@'{ted in the sixth step onto

a r%gldﬁg%g%ggééﬁeen e tho edges.  43. The |aser

Pr Of @5 e BldTbae i ol

t-he seco%%jﬁgéer @%ﬁ%&s controlle 1ﬁ%¢¥?$%§£%gﬁ§ a  the
: jnterval between-the two edges. 15 44. A | aser

chl Qe
OI).upr-ocessing met hod t hat processes a subject on which a

| Ovg: figtRp Bf itridiating the 1RETokns shiftGnth BRGA thP FERARSS IMb the two edges
nmet.hod conprising: a first step of setting processing

qﬁmﬂ&kﬁﬁﬁ&ﬁﬂgnh%@hgaﬂ5ﬂgkug§m£ocations of edges of the
low -k -material in a renpoval subject region, an

| Ntakvtatep bEMBAH 2 bdehdasaGtamand out put power of a

| aser beam 20 a second step of emtting a | aser :
b e aigeventhtsktp lofl inSiliigiihoGhe pind st garh bRitbdibaihc MEAERY dhta region

t wo;

between the two edges.

43, Thelas_erproc&ssingmeﬂlodof_claimﬂ,
whgreinanapemjreofthesecondlaserbeamiscontrolledtobeﬂlesameasﬂ:einterval _
between the two exges. |

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

a first step of setting processing parameters, which include locations of edges of the Jowk
material in a removal sukgiectregion,aﬁirﬂﬁrvalbetwaenthe edges, and output power of a laser beam;

a second step of emitting a laser beam;

a third step of splitting the laser beam info two;

a fourth step ofsp}itﬁnga-ﬁrstiaserbeambetwemﬂmlas.erbwmssp]itﬁ’rtotwointheﬂsird
step info two and irradiating the split- laser beams onto edges of the low-k miaterial in the removal

subject region at both sides; and

43



10

15

20 -

a fourth step of_splitting a first | aser beam between
the |l aser beans split into two in the third step
into two and irradiating the split laser hams onto
wo96leRssef the low -k material in the reanaIPCTﬁggj,@m,zsn
region at both sides; and 43 WO 20091014307
PCT/ KR2008/ 002531 a flfth step of splitting a second
| aser beam between the | aser beans split into two in
the third AT into at least two and irradiating the
split |laser beans onto portions between the edges of
the lowk material in the renoval subject region. 5
45 "The Iaser processing nmet hod of claim44, finder

S B A@er t“%%%?@%%%%’%@%wgmmm'
%ﬁ%ﬁgésgg &b E%%%E%r lgpes§&%% %ﬁﬁ?gﬁgg%aﬁged¥ﬁofme

1 _4 4 Legessing method conprising: a

R St step 0 %ﬁ§?£ gﬁproce33|ng paranmeters, which
include | ocations of edges of the low -k material in
a rennval subj ect region, an interval between the

edgg &%&h . a second
step of emtting |rst %mgerﬂggan1 a“third step

of spliddindsde first laser beam emitted in the
~second step into two and 15 irradiating the split
| aSRSvRRIERPIG dREGES orpbsith B ph@Wsink diftBdop! | al Tn 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 beamemnmitted in the fourth

st elg. | Atiert PBceaitd mbthddaMitarécagest HabRE dnt whids £ lowe alerial is
onto a portion between the edges of the low -k

formedpthelnseprodessingesthod benulsing20 subj ectregi on. 47. The

| aser processing nethod of claim44, further
comphﬁsmmgfxﬂmgpmmxsmgﬁmﬁmﬂmmﬁdmmepmnhkkhnmimhﬁgﬁofﬂmkwwk

st ep,

‘material in a removal subjectregmn, an inferval between the edges, and output power ofalaserbeam,

‘a second step of emitting a first laser beam; .
aﬂﬁrdstepofspﬁﬁingﬂmﬁfstlaserbemnmﬁﬁedinﬂxesecondstepﬁohmm}d
iradiating the split Jaser beams erlto edges of the low-k material in the removal subject region at both
sides; | |
afomthstepofemlthngasecondlaserbeam,and
aﬁﬁhstepofsphthngﬁleseoondlaserbeamemmedmthefmmhstepmmﬁmmd
hradiahngthe split Jaser beams onfo a portion betweenthe edges of the low-kmateﬁalinﬁlc removal

sﬁbject region.

47. 'The laser processing method of claim 44, further comprising:
after the second step or the fourth step, |
moﬁngﬁlesuhiectinadhecﬁonoppositetoapmcessingdh‘ecﬁon.
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~ noving the subject in a direction opposite to a
processing direction. 44 WO 2009/ 014307
PCT/ KR2008/ 002531 48. The | aser processing net hod of
wWOghb®id397. or 46, wherein the at | east two SEHITVKERM88002531
beans that are irradiated onto the portions between
the two edges of the low -k material in the renoval
subject region are arranged in a direction vertica
to 5 the processing direction ofthe subject. 45

48. The laser processing method of claim 44 or 46,

wherein the at least two split laser beams that are iradiated onto the portions between the

two edges of the low-k material in the removal subject region are arranged in a direction verhcal to

the processing direction of the subject.
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