; e3e&" " #d$" ¥HB&6X&T& aOWD 03/ 011522 METHOD BEAM AND MASK FOR FABRI CATI NG
POLI SHI NG PAD USI NG LASER Technical Field The present invention relates to
a polishing pad 5 used in a chem cal mechani cal polishing process, and nore
parti cul ar | wotes/omszet hod for form ng mcro-hol es, perforatRIvisRO2AMM8S OF
grooves on a polishing pad, using a | aser beamand a mask. 10 15 20 25 30
Background Art Generally, chem cal nechanical polishing (CWP) is a high
precision/mrrored surface polishing method used to obtain gl obal

hecordance with such avb, a siurry 15 cuppli e bet woen a oOlAAADGIUH -
a wafer to be polished, so as to chemcally etch the surface of,sae wafer.

Usi ng .t he polishing pad, the etched surface of the wafer is nmechanically
polished. Referring to Fi g 1, a typi cal CIVP machi ne, which is denoted by

the reference numeraly e j I : SQ, od
usi ng the CVP machi ne |s schenma ?%g Iy Ihg Ft?ﬁ%j %SIgGC%%S(%\/P
met hod i ncl udesBBAY AR dHiSKet chi ng reactl on process and a mechanl cal

pol i shing process, whicch are conducted using a polishing pad 10 included in
the CWP machine 1. T a hing reaction is carried out by a slurry
42. That is, the sl uplreeycﬁ ggr\lk;égaﬁo chemcally react with the surface of a
wafer 30 to be polishee Presery hakemgldn pobatias eteor toedisbdHanines

pol i shing pgr oce§§edfqlnl oM rwme&da%aqhe:ﬁaé}ﬁdm@athpalimﬁq Obrot@shHe ez |y
carried out. In_the rrecganl Shl I’rll% %P%ﬁg% #ﬁ) WO 0 /%1522
PCT/ KR02/ 01469 PBRFF sRPAG B4 ’i & T BHCRO PSS 20,
rotates. The waperf@fatigmsoh ansi/fqrr mryboheSdObyaaqubiahm padig BAng @t at es

while oscillatingseA 15daH 'ahPfa aRsasi ve particles is supplied to the
polishing pad 10 5 by a slurry supply means 40. The supplied slurry is

i ntroduced between the polishing pad 10 and the wafer 30. The introduced
abrasive particles C(mek'glnbunﬁri\mi onal contact with the wafer 30 by virtue

of a rel atiwe rotati £nce h 10 and
t he waf ertlgo o) tha{&tn%ggfgﬁhd %ﬁ a{%ﬁ:\gﬁﬁﬁ FL ERE%H% NI?@ 2?2 is a
col | oi dal i qui Hlé}énPé‘P‘FﬂWW%W@%&PF?@FESP%&WWQA Reihad 3

nanoneters. Thi spbshusir y14Bals ;snwrﬁ&dzamibhe ol hsmé?@dbﬁhdmb@oéurdé"i&ciehe

pol i shing proces oI| h|n 1 es [in ollshlng
process, the sl ﬁ??uﬁiﬁéurlﬂp %% he g %g%‘?‘l"g d ‘_’fgyh g {lwgpdg

di scharged fronﬁﬁhérbeispﬁépplbedthetpgﬁm shl @glpahlng t#ed @pda acéﬁ:tﬂelrf ugal
force cauged bytbhger gbmsl@@dofsé hgs Peb i SReRbcPBIy 10:cH Ny dalr £42AH eve

par t1 ol 5. shoul AP GHAFREY or UEREerbanpel PR by | BEF T Ee91b B T3RF upper
surface of the pblthaiwatfegad sideshaniaalineyobistted.i pate in the polishing
of the wafer. That i|gerkbeiRgl k8hirig.rad W sl e ddén Sl Whith
is denoted by the reference numeral 1, is schematically
20 illustrated. Also, a CMP method using the CMP machine 1
is schematically illustrated in Fig. 2. The CMP method
includes a chemical etching reaction process and a
mechanical polishing process, which are conducted using
a polishing pad 10 included in the CMP machine 1. The
25 chemical etching reaction is carried out by a’ slurry 42.
That is, the slurry 42 serves to chemically react with
the surface of a wafer 30 to be polished, thereby making
it possible for the mechanical polishing process,
following the chemical etching reaction, to be easily
30 carried out. In the mechanical polishing process, the
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25 be held on the surface thereof for as long a period of tine as possible.
In order to nake the slurry be held on the polishing pad for a | ong period
of tinme, there may be used a nmethod of form ng spherical mcrocells having
a 30 size owommtseeters (pm) or a method of form ng perf RCIVKRMO1459
grooves at the surface of the polishing pad. Such mcrocells, perforations
and grooves act to 2 WO 03/011S22 PCT/ KRO2/ 01469 control the flow and
distribution of the slurry r continuously supplied during the polishing
process. Conventionally, the formation of microcells at the polishing pad
is achi eved using a physical nethod or a 5 chem cal nethod. As the physical
nmet hod, there is a nmethod in which hollow m croel enents each having a
cavity are incorporated in a polynmeric matrix to formmcrocells. As the
chem cal nmethod, there is a foam ng nethod in which bubbles are chemcally

formed to form églﬂl‘?{rﬁf {:/ % %ahewheem RQr %&kgaﬂ.gf m%hﬁEQ&' %HE;At $idieh

pol yneric matriX 1's ac é npregnating a farge a
mi croel enents edBh KR¥REGSa cAVPt WatREo 39 poviiady i &S nﬁ%iFTP&Y i fekdichyaa
fashion that theetatriee!eimnts, amtéﬁeunwmoléﬂdsdmlsltamlhgteolAlsrnut:h@ of

pol ymeric matrix,, ng"}éb%éaf;E’;[@l %Bésﬂéd Egetﬁgl ? ureﬁﬁgﬁt poI yest er,

prepared by nixi'hg”a curtng agen resin suc
fluorinated hydp¥car bHHIT B auPrPlduF\éatlﬁer‘l@of The shephied oslunelt §.5

i norgani c salt, i ftgd8uced B@Eﬁéex@%ﬁb' QadlliﬁhthSIpIad Olro OaﬁdOEthrv&ﬂErXt ures
t her eof may be ?’BI nly oel.enent s

ed
pol yvi nyl al coho peptjlﬂﬁ pépyﬁ?ﬁkﬁe‘%yr?]%ﬁsdbvﬁe Fﬁﬁﬁggﬁﬁfl erfE™§! y Rt
pol yur et hane or faicbvhdiaht contaper eufth Stivd wadeosel ¥hehys Hatasteanofiver age
over the ﬁé o ??%1?‘?. g@%ﬂgﬁ’c%%ﬁ?ﬁﬁﬁaéﬁgwﬁ%% 3‘?33?*"@“’*3‘%55
so that they foP nFR§ ¥ &y PRAENGREY EPRduat mg
f_or med usi ng thpohshm@;enent'ﬁmaresldﬂnyst _rﬂé& edis The pmﬂ]fcmdaad Wi itquisD
mcrocell's in tBSn@Qngn %‘o‘rQB?ge“g{ﬁl‘%ldﬁs O‘if’a?f’ﬂ-l-bel i n”E' ¥g tn ' giggploepes

each having a desire ckness to ain ap g pa I'n each cut '
pi ece, microcel pangmetersyy 0BRDY 18PV PCTARRSS/ GPAFE9Sr ARdJRSy RRSIFHIMG ed i n

the pad are opepad awn tc:hﬁ:l@xkjt tHe fpesleishdngt h;e:o@etsspl ems, t3e thelidHiang are

exposed iR the I g, Of o r a t e

surfaces gfs thepégtlIlO O%a'c'%i% thi?'E'naange\{ é %e&{%gé%am%?eo %g'fﬁ Yeross
sections exposedZat Stlhélb‘éqil st ngtfseljrfm@ésé?ﬂnéacﬁaéol 18hi by ptwardlyandom
Such random si zgigBHapgedt lfeemofthuahqo@wﬁeq raf.creﬁel bothi8Rsn§ephdoND

serves to degrade a desired u m anon lis ads 10 |
accordance wit thﬁet8h3mc‘33F h%‘f%aol ﬁcﬁfc\ﬁmc@% %glk %‘?g usfngthe
f oami ng processpoaipbingerpad mifri x I8 forderd by rﬁG&Mﬁj’&a éurlwm with

a |'iquidphase pgbwéﬁmgneft%ﬂé su@saaﬂgmemﬁr _@odrdtdusy | &l HRiSse Wi Ch
rect t akes 15 part a cheng cal reacfion

hasalowbmlmg o] tang jrectl I
to generate gasP Fg &9 §Bellds*g bﬁm g &yetiis rﬁ? LR HF Blbbl es
to formcells ipft hempobynﬁhecupaem gurfhee ptpf)dtllmmmixffhlmmma@!s 30 so
achi eved by wayighta ¢His) eﬁ&k@ﬂcfﬁé{ﬁ?dl@y thehi @b SdBdg M Xi REORRIAL4 ON. A
surfactant, mhl%ha%e&g? the polishing pad 10 should make the slurry 42
25 be held on the surface thereof for as long a period of
time as possible. ‘
In order to make the slurry be held on the
polishing pad for a long period of time, there may be
used a method of forming spherical microcells having a
30 size oﬁ‘ micrometers (pm) or a method of forming
perforations or grooves at the surface of the polishing

pad. Such microcells, perforations and grooves act to
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20 to achieve a reduction in surface tension, is also used to adjust the
size of mcrocells, thereby achieving a desired uniformty of mcro-cells.
Fig. 4:is a photograph showing mcrocells formed using the foam ng process.
Wher e cel | swarsnimszared i n accordance with the 25 foam ng ponkmg/o1dDVever,
there are problens in that the cells are too large to be applied to a CW
pad, that those cells have a non-uniformdistribution, and that there is no
nmet hod capabl e of adjusting the size and distribution of the cells. 30 The
m crocells forned using mcroel enents each having a cavity or a foam ng
process have a sphericat structure having a circular or oval

cross-sectional 4 W O 03/ 011522 PCTlI KRO2/ 01469 shape. Due to such a
shape, the mcrocells have a cross section varying in the thickness
direction of the polishing pad. Fox this reason, the cross section of each
m crocel | exposedhdlof hecpol | 0,00 S 4 o0t1h0e1 51 POLESiAE P Jigyvari ed
as the polishing paé)ls abraded _during a polishing process. I'n other“words,
circul ar or ovafomtErRE L% saippdied duripe Yt iHilshisgr PaeEe®d- t he

pol i shijng pag ?_re lglrad»galehyim&mp;ﬁ,d Eﬁe df@ﬂlﬁiﬁrorﬁ_soﬂ haq&@deam;sngjcprtch@elss
proceeds, an in . dis ear . . Event , meroc s in el ow
the surface of'??éb %%T%Hﬁﬁg %%daﬁﬁ%ﬁ%ug.ggé+%gae?§ gég%isﬁgﬁb§&b89ngvﬁy
exposed at 5t he Pogmstahgmsthedee d@¥s t hee pphyshray pedhod, THihere his cBoss
section of eachh&trs®celd erRepednalidbhe piddcelich@nsdr f 846nh ofndviggoolai shi ng
pad is varied 15 as_the_pol.i shi ng g%d varies in. thi cknesstdurl 98 the
pol i shing proceS¥V> b 3Ffi dNCPEEEA L ERerd i3 BODYDBHT ¥ PRt Hht tPhdOT™
pol i shing rate mscrorells.forka the ochiericalo fedthedpertheret iisns dicagrimgves at
the polishing syrfRce oh thEOIdHBIG P BnhoRFERN fakoRed™ERi Hdkh

met hod has been used which uses a cutting or mlling process. Referring to
Fig. 5a, &Ocutt®#C¥@reb¥Sform ng grooves is illustrated. Wen a polishing
pad i s machi ned usi n@hieha mitirperatfonowit ed droedementsdiia @ polyaddrd 25
under the condi}tiop.]n.pwhi i ol.i shi iS.rqta g I
formed on the uﬁ\pé)gfl;éurl y;c%é}})lf%dg % Ilglgﬁlgﬁgﬂgg%ﬁ?n%t.hieff%? mgfca)g&ggn%é"ﬁtr-i C
circles, as shoWhcreelemenitsh. epcl. BRVIRg gacr 63%ikectingsal aviRw ¥UE&ES al ong
]Ehe i ][le A- A ﬂ?tﬂﬂdib]- Retrrrd ngabkpisd I'T:ihlgllft- Sive alﬁg.c5l6elgi_ﬁeﬁﬁgf’fmx%[1y
orm of groves forned. usin ter i.g i rated. Fig. e
grooves a|1§ den%?%%lof)ril/1¥ hglrgié%gk?%ﬁ%ée %ﬁn&?’gl pﬁ%{% %tlgxénrfa]}lr}éxéf %he%e\RB

03/ 011522 PCT/ KRopmhira 691 g¥errAds -havihgg PohEmesien BRtebhcehtpiapragiadc s i s
disclosed in U gixPagent Neriry 984erd69wiRef & riddin oshbs. 63, uretmiregont al
mlling machine_81 is,_shown,..on ich cutting saws 82 and spacers .83 are 5
mount ed. The cUPPLYG LSt 83 4PE BBRPT G FUHCRBTETn abix- axi s TAHSHE on. A
pol i shing pad 16hepebf. maEbi ntbei migpoetenents Y- ixdrgatiicectdlan. gupar,
accordancegwi t hybhgse SOMERN Jund' 0R¥EEn 35 SXt &MY NGl "maréi IdfxiderCct i on
are forned on the u gr surface o th%#qgflshl plg Qad 12. 10 After the
formation of thENGFEREcBANEOS (RRLHLY |43fdrg pRAPIBLFEOFHEMERLF GFE Aty
state, grooves eXtemdilyyinglaleekohd dpeetinon polhepjonial ppridkidarest
direction are f pol i, St ng i % inth = A4S

di rection. Thus%g?ggv }ség?r a‘%,%%mf'n tﬁggf%l%n?%‘n%g WM 8?%%1:%011
théreof. Such microelements have an average diameter of

25 about 80 um. The microelements are uniformly distributed
over the polymeric matrix in accordance with a high
shear mixing process, so that they form , uniform
microcells. Referring to Fig. 3, microcells formed using
the microelements are illustrated. The pad formed with

30 microcells in the above mentioned manner is subsequently
cut into pieces eéch having a desired thickness to
obtain a polishing pad. In each cut pilece, microcells
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15 lattice are forned on the polishing surface, as shown in figs. 6b and
6¢c. Referring to Fig. 7a, perforating pins are illustrated which serve to
formperforations at a polishing pad. Wien a perforating operation is
carried 20 woemmii1sesi ng the perforating pins under the cormiTiKrm2/0i469 Whi ch
the polishing pad is noved in a Y-axis direction, perforations are forned
on the polishing surface of the polishing pad, as shown in Fig. 7b. An
exanpl e of such perforations is disclosed in U S. Patent No. 5,853,317. 25
Since the conventional nethods, which are used to form grooves or
perforations at a polishing pad, utilize a cutting process conducted by a
| athe or mi1ling, the grooves have a fixed pattern such as concentric
circles '"or a lattice. Fox this reason, it is difficult to forma 30 groove
pattern capable of effectively controlling the flow of a slurry. In

accordance with et h i fqorati i pey f ti pi ns,
the 6 WO 03/ oﬁg‘g‘i’w%@?zﬁ%ﬁ%ﬁ% Ilplgr fggrga |agnsaol{;b;v§l§%&% xg{a ghgpec?&Al so,
the perforation§uafacedrabdthe FHE PéPFBr afPnEhpitndhgve agienmsivpossdedni n an
X grfv- a>o<|i s diregéi 86rmFof hhi:SrmgBﬁerrltdﬂ@al clshﬁdsésars,?é,<1'1::i.r¢>f‘izf havenha sj'u{tpl e
an i xed pattern. T , Lto5 i if.ficult in an effectiv e
pattern desi redsFﬁf%Q%%r%%ees%t Ipnlezf%ﬁol Fé%l %gé%‘a%n%a%ﬁlntelc?ﬁ g%hg\(i/)"ee
grooves or Sper f niareosel lsi trpafectiasitégansneanposedbrat fiorereddurshigat he

machi ni ng proceggriBye bgr! @bkhi @otmeh%g%aa Q0T r AR AtIURIRS - r 2Pl
debris may formscratchgs on_a surfacg el ng polished during .the CWP

process. MeanwhPF&® U2BS pRPEAEIRRs. ©%, oble 169X RAFS, 505F i s =658

met hods for foreeagigneosersedy tior rdedEdenga a desderdbemmforegpgctamerigy. I n
accordance W thpobhesgide ggddods, an adhesive mask is used to elimnate
vapor trails fromaccunulati ng on a polishing }{)ad,. However, .t hese net hods
are conpl & because tHe FESKE dbEl hERGe PR JBETRIA ndRpathic

Furt hernore, theeglss axeprfddmea iuwsinmatapddamiing @roeessy tahepaldheiien of

the 20 ~ adhesi tﬁgggﬁﬁig hgﬁﬂﬁe%qﬁg{ﬁ% lésggai@és?ﬂ%ﬁ@ew e;ijngqpuqfd_t he

mask may be | ef e pa eat “cau machi ni hg operation
of the | aser beRRR&9chohYresthamep fRrmdngt pebsaice FoNatar so¥ ebkpiefied j s
necessary to adgkki ORAliky USe @& PLEREDDil OAgr @BBMENGINdNal il fdt 125 tadhkasi ve.

A r bubbl may_be, faormed betwee ngd t he adhesive_l ayer of, the
adhesi ve ﬁg’sk wRERt i

n th%ag%d a h h l %
3 t HE aAhEEPUECRRs SRS TAPPadRe T HE paRS 1 A5t fi L ase,
when the | aser bearh ias iar ddemirg egeoti hdhgirebpulprioducing ibubbidpesdidbl e to

form grooves hatoRfl elilze i@dUde b idesiaaGk.9r age S dfrctPonClagsure
of the Inventi og ﬁb WO, 03/ 0}1%1522 PCT/ KRO2/ 1469 Ttlg?g__f.or e, thed\%)esent
i nvention has bE8RPHEde P 3GPAEYER 0¥ olPE e ForUiS PRv SAYEE“wiPt'h @

mcrocel I's formbdgbsishgani visetenepesatsasch hdvisngfactanti ywhich sesardsng

procests angh g{ QQ\Se%cWiefé‘@rEOE:QBheFﬁoﬁ Oiﬁegtsile'ﬁé&? éeﬁ@fl‘mplic@!al@@%eﬂhe

present invention prpposes .a . pethod capabl e easi ormng._,

P ey hol oucor 20, LR MRS NBY ARRRCRTS At A v ppc

patterns on a poleisshedg padformity of micro-cells. Fig. 4 1is a
photograph showing microcells formed using the £foaming

process. Where cells are formed in accordance with the

25 foaming process, however, there are problems in that the
cells are too large to be applied to a CMP pad, that
those cells have a non-uniform distribution, and that
there is no method capable of adjusting the size and
distribution of the cells.

30 The microcells formed using microelements each-
having a cavity or a foaming process have a spherical
structure having a circular or oval cross-sectional
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An object of the invention is to provide a nethod 10 for formng
m cr o- hol es having the sanme function as mcrocells while having a
controlled uniformdistribution and a controlled uniformsize, in order to

el imnate t‘P§0%'g§g2QVant ages involved with conventional W&ﬂgﬁ%}{f 4:64;9 .

m cr oel enen having a cavity or a 15 foam ng process,

non-uni form+ty in the size and distribution of mcrocells resulting in a
reduction or non-uniformty in the polishing rate of a polishing process.
Anot her object of the invention is to provide a 20 nethod for form ng
grooves or perforations having diverse shapes, sizes, and patterns to
effectively control the flow of a slurry during a polishing process, in
order to elimnate the di sadvantages involved with conventional mnechanica
nmet hods, that is, insufficient 25 control for the flow of the slurry due to
a fixed shape or pattern of grooves or perforations. Another object of the
invention is togRLQYI devd Rt keehf ar shapey nthegmiereselhhi bave sa cepeds e of

not only elimnati use of. any .adhesiLve hergh¥c890g! i $ NatHeNg
probl ens i nvol v@ﬁca)??'ﬁ t Fie" cask ilgl Wﬁlﬁ%h Sh A eestssi ve Task 1S ysed alI:ﬁng
e

with a | aser bepniishingipada cEREl Sbify H825CPRe WG 3G TET 1M &
requirement 8 M@,03d01d5321 PERpHEER/ £ 468 opohistaiddi t$wrfaceadifesthee
removi ng process, .but.al so_achj eyi ' 0 Bhih8 bhe ascukpssdedl the
groove formati oﬁ°v}xﬁ?f‘%n%s?%§ Q% v‘\éérfs%%o% rsEﬁ{ené éaads.l ? EDor der tf acconpl i sh
these objects, theipgesenelEshiREmEasHSEr oviRINEMAFGE 1 6FXF0TH Y on a
pol i shing pad, aliomiek8sel s OoxESsandorehrefodiahings shafacry of vihee
patterns desired he user, _in e, S&{afi&&H H0th
principle and apr?giﬁglm Eégoraﬁgn%(eig\%{lggfinren‘%%bcﬁ‘rr%ﬁt of tgg gr esent 10
i nvention, ther poildspiogi dedoges®t hpECTRRASabdcat ifigad 1¥ol ALAPRBSPRY
Cog}Jri Si ngys he %&a&ugi%ygfﬁféf%dam %xﬁ!&tiﬁq nbelf owni teren suaifese ggoblvﬁes
and/ or perforations.to be forned on a | shi . idpRuh R e t RBwl
det er ni ned pat t &3+ lBgc_(ﬁ?ﬁ{Jt E?’tfﬁ%}%r ?gg écgn ?E?Q(G\I%f, 15. cont rdo‘lﬂl o
sel ecting a naslexdrasiedgat phe tRokisofing sppfefe Lt fhsobasishtpbPad- .
perforations correspofghdld £Ke t EfodNPsdtAGnpaift exach amiccrécietl ngxpobader
device adapted to irradiate a |aser _beam an | 8 ; L.ad ;L0 vaendyct a
t hr ee- di nensi ondtt mr@ﬂtlsé‘ﬁ&gr 8?5??%%%\/\% ?%?s%%moﬁl?’ 9%20 the ' pol %\shi ng
pad, under 18 comds olhef pdieisBN@gcaprd oNREreHasEd eSS pei% piPBern,
thereby irradiat -Jl.ﬁigﬂl%gl a3@kehgam FspMmife taswn,datiere dsta trebpehi shing
pad supported bft e tabl e vvh'b_l ToVi n of QS B&pl@nﬂb ccordance with the
i nputted patt er m? s athdtenPRrbSBE % % s,egr ooves, and/or perforations
having a pattern corr&spordieng ttco foum dpeefenatd®ngater BrAPES o?tred"8n t he
poli shi ng. pad. Bl ef/lesCr bbb Obet heDr gyl Ngfiniy gpad, i & anextharigilc vi ew
illustrating the confl guration of .a typlcal iN 4 +3nB0lo-shi ng
met hod per fzgr ned‘“%l%li”rfb”t%g“%%%gﬁﬁ R&ey “S%"%Bﬁ%% C#KI%O&l 01469
Fig. 2 is a schembhllinyipgwaelsustrati ng the concept of a CVP net hod;
Referring to Fig. b5a, a cutter 70 for forming

grooves is illustrated. When a polishing pad is machined
using the cutter 70 mounted to a tool die on a lathe
25 under the condition in which the polishing pad i§
rotated, grooves are formed on the upper surface of the
polishing pad in the form of concentric circles, as

shown in Fig. ©5b. Fig.- 5¢ is a cross-sectional view -
taken along the line A - A of Fig. 5b. Referring to
30 Figs. 5b and 5c, an exemplary form of grooves formed

using the cutter is illustrated. In Fig. 5c, the grooves
are denoted by the reference numeral 75. An example of
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Fig. 3 is a photograph of mcrocells fornmed using mcroel enents each having
a cavity in accordance with a 5 conventional nethod; Fig. 4 is a photograph
of mcrocells forned using a conventional foam ng nmethod; Fig. 5a is
schemati ¢ vivewsiolisesst rati ng a conventional cutter for formongkreooses: 10
Fig." 5b is a schematic viewillustrating a polishing pad havi ng grooves
formed in the formof concentric circles using the conventional cutter;

Fig. 5c is a cross-sectional view taken along the line A- A of Fig. 5b; 15
Fig. 6a is a schematic sectional viewillustrating a polishing pad fornmed
Wi th grooves having a lattice pattern by a conventional horizontal, mlling
machi ne nounted wi th conventional cutting saws and spacers: Fig. 6b is a
schematic view illustrating a 20 polishing .pad having grooves formed in
the formof a lattice by the conventional horizontal mlling nachine of

Fig. 6a; Fig. 6§rbﬁﬂgsseﬁgb99$0ng¢g fﬁhHSt5§t'?9n5§$¥f¥ct'] 1§ c%_shaped

grooves forned e convent zonta i fe:
is a perspectlvél§FéﬁP?¢I%En9fﬁ| ﬁ@t§n§oﬂ9en§t%ﬁﬁﬂ7§ﬂerforat|ng pi ns . adapted

to formperforations HE’fe&rﬁﬁbl £bi Fegpada, F'aghoszbﬁt@l pth_ﬁI‘lM‘lfVﬁ\achlne

illustrating a ad_30 .fonmed w.th oRatio
conventi onal Bgo%g ﬁg gin%n Vhﬁﬁh (%ftl% |§g é?sag %#%ﬁﬁﬂa%n%ﬁﬁ
illustratinrg thmomotedV\om 0—1@2295 838815226r25CQ@F¥G}’Id KRO et 6ih  an

pol i shi ng pad hﬁuhagspaﬁ@éﬂiwns A ogdmm ha Loy &Y IR0 dla diideRf ald Ng
pins: Fig. 8ais a §c enatl Vi.ew ustratln a | aser systemLI!la in the
machi ni ng et hol°dECordi fy c?ﬁ%ﬁa%ﬁ%ﬁﬁﬁﬁ?q nv |?ﬁF95 nCgy Wik tic

view il lustrati mgvementandgroaves r8Svextiendingsén beaﬂrrsts directrechmnt o a
T o oS AL A RS o, 0 DLEEEBLLOV LN L,
case in whi%h oﬁE§eFa§B? gggm%t ‘grooves 85, the polishing pad
10 is rotated 90°. In thlS state, grooves extending in a
second direction orthogonal to the first direction are
formed as the polishing pad 10 is moved in the Y-axis
direction. Thus, grooves arranged in the form of a
15 lattice are formed on the polishing surfacé, as shown in
figs. 6b and 6c.

Referring to Fig. 7a, perforating pins are
illustrated which serve to form perforations at a
polishing pad. When a perforating operation is carried

20 " out using the perforating pins under the condition in
which the polishing pad is moved in a Y-axis direction, .
perforations are formed on the polishing surface of the
polishing pad, as shown in Fig. 7b. An example of such
perforations is disclosed in U.S. Patent No. 5,853,317.

25 Since the conventional methods, which are used to
form grooves or perforations at a polishing pad, utilize
a cutting process conducted by a lathe or milling, the
grooves have a fixed pattern such as concentric circles
"or a lattice. For this reason, it is difficult to form a

30 groove pattern capable of effectively controlling the
flow of a slurry. In accordance with the method for
forming perforations using ©perforating pins, the

6



Fig. 9b is a photograph showi ng the plan structure of a polishing pad
having mcro-holes fornmed in the case in which a | aser beam passes through
a mask fornmed with a plurality of circular patterns in accordance with the
enbodi nent wib @foeispr esent invention; Fig. 9c is a phot ogr ashyraaiisey t he
pl an structure of a polishing pad having m cro-holes forned in the case in
whi ch a | aser beam passes through a mask forned with a pentagonal pattern
in accordance with the enbodi nent of the present invention; Fig. 10 is a
schematic view illustrating a polishing pad having m cro-holes formed by
the | aser in accordance with an enbodi nent of the present invention; Fig.
11 is a schematic viewillustrating a polishing pad having perforations
formed by the laser in accordance with another enbodi ment of the present
invention; and Fig. 12 is a schematic view illustrating a polishing pad

havi ng grooves nce h t nt of
the present 11 Eg%\gggg?%iﬁggl}é% M%ﬁgg)%l nvé %bn@lq% g? I[c;%%’fdonnsp
Carrying CQut therenfesmesn afokhet meghiof3&Angi RiaAt ia6s Wimplye mg&edr iled in
5 detail in tergn ok i bg C@RakisutdDreddidbn,.unct Fen, vhi$ redaygiice dHe the

annexed dran 95, Figo PLESE bat v EnLLGI 4 Lhd 280,80 | Bl MRCNIHLIG

principle inth ormatron o r ooves erfoPat’lans on a
pol i shing pad. THediffésuld wRcoR¥AIY alfeﬁf(fecﬁageahﬂéat B?‘ét@fn rdsRiciafy t he
area of a | ayer lguaj ggpegré@gs t her mal def or matl on. Also, the |aser

machi ni ng nmet hod is pIerfor Jin.a non- ontaﬁ Shl onlg so that there is no
abrasi on of the tool .""Th& | BR8N A gmRER A Y'eafiBPEeDs OF
preci sely 15 napkrficngtéonsartsieg hameci@rmaainplr@emapeiekaiusm nfact rinveg

generation of ”Qh§§n Ndn¥i Rbahi Sy FRCLIE HA) %@ah@f@' P!

envi ronnent. We aser beamis | rradiated onto t I n surface of
a pol i shi rf]go pad,°r| tpea#rq}ﬁttllfnﬁncr Sxshs qehris maet ?E‘PrpéFaPEF‘ée%f °B0 & he

pol i shing pad. Asrfatesbéing tpel inghesl 'k:l&h:mf; the qMP isfdgegspad is nelted and
evaporated at the surb)jeaarc;nqmrlq_gl op. Phe?g‘t-’%e po el lg%mlgg 5556{’1 Bafsed%(énto

t he polishing pad. e matérra I'shi'n is renoved TNt
above descri beddigshprsf aetheds| sfan Q%rm#%dga%ﬁeﬁ eQVori‘-rrﬁﬂéﬁithPﬁg abf . a

m cro- hoI e, groweeandlb@amperxfe@pabltﬁmew conphet £ckoRRirese | YLK O ﬂ'_l'legse 8a, a

| aser MO 010 RYAERH! Sl | LUBLLAIS AR Ol SulREdebO SAINARU Gdoer

machi ni ng t ho§<aceor resen invention own 1n
8a, the |aser rrﬁ@lﬂllﬁﬁng‘-rs)}fsta&ﬁqﬂwélaﬁélég 8n| a&s epoHishiny ]Rﬁ[ﬁforHCPW&‘éﬁzﬁ:atl ng

a | aser beam at'Pi%%E ]iﬂaﬂhhéast apte l:@ﬂqg:fl@i %&du@él Nhed hasRt isABuTBYyEnt
and a 12 KR0O2 t hr i onal ry_ﬁmsnt and a
ol

conput er nurrerl QP 8 nt oI é?:NE? Q%IP% 105”1‘8&%’8?\’(’? FEEt RS 1%ser
devi ce 100 and trebflenl dnlOzhatA lpiﬁlis shohgapadwingt thbe agbleisshad oifs thrunt ed

on theht ?bi@ '104dnesibe g/@@ka«&m?@@ cfaliﬁglthQEEEédin na1lse Eﬁétf‘dﬁl?]ﬁve "
moro;holes,  ar gV, MUCLPSRL OBl o G B Sued,ohug PeLi g, P20
perforations. the machining operation of the laser beam even after
removal of the mask. For this reason, it is necessary to
additionally wuse a process for removing the left
25 adhesive. Air bubbles may be formed between the pad and
. the adhesive layer of the adhesive mask when the
adhesive mask is attached to the pad. In this case, when
the laser beam is irradiated onto the air bubbles, it is
impossible to form grooves -having a size equal to a
30 designed groove size.

Disclosure of the Invention
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The follow ng description will be made only in 10 conjunction with the
formation of mcro-holes. O course, the formation of grooves or
perforations is carried out in a manner simlar to that of mcro-holes. The
oper at or cawolBhestz a desired shape of microhol es from di weraerozbapes such
as a circular shape, an 15 oval shape, a triangular shape, and a

rectangul ar or square shape. Al so, the operator can freely deternine the
dianeter, width, or depth of the mcro-holes. The inclination of the

m cro-holes with respect to the polishing surface and the arrangenent of
the mcro-holes 20 can al so be determ ned by the operator. The pattern of

m cro-hol es determ ned by the operator is inputted to the CNC controller
102. The pattern inputting may be achi eved using a scanning nethod, a CAD,
or other neans. The CNC controller 102 25 recogni zes the inputted pattern,
and controls the Iase;lrh d%\r/tj ce lg?leandr t h%tt ethl:r)llven %1 'II;Qe gicr 0- hgl e.pattern
determ ned by the operaro S ditec fsgesi gne& n°8 "*RagRHal8FFar™ For
exanpl e, a desipedepatoersokivg Bbef pralems ainvekvednwiithi mjarfocgldisass

substrate, and Eo%@e&hhgﬁhﬁmdi%elléh@hﬁg Q&h thevinpss LEaihater &n
accordance wt

h_a phot ol ithography technique. Alternativel a Jaser shield
Tarerial i1 m nEgeBLE PrOREY HR Ar5SVReT PRRBSF GTHRG IR (iR (Ring
accor dance 5w t hmachanid¢alg meevess. Thies paesenhedrnivientipn aprerdssd te a

| aser plevi ce. |ReBKR&ERT @%Eﬁ%iw td¥ SHSE‘iﬁy cqe&h&agatﬂi@%-ﬁghest! Yrooves
transm ssion of a_|aser be 5in. Fi

m can be achi eved, as_shown ., 8b.
Accordingly. thBNHLSEr BEXTPFSEAPRad) A Gnt oS LEREO e PBRt i GHYSFet he
surface of the pattesmws am tao fodiwhandepaded pattern. Where such a mask is
used, it is possible ! 5 i fifd t he for sing a
CNC. Therefore, wher egrg é%%aﬁ 8%%0%%&{%@(#0\% ;eﬁgd ] ogrllrar%sl? jn{saﬂls?gd, it
i s possi b€ 't ofPBr AATHAG eMACEPTEP RS t PRYiRE fBheredanei n§urehidht B8nal
machi ni ng procefs€socdDIs i NSktANTE, ahkkongh cenverddrpralllledser -uiEdrm
machi ning procegses ALe: § LM L,ed 1 oo Lhe SR of, QiU 3l SRALS. 9
continuous |ines; ) possi ble 1o Form rect angul-ar ~6ér “pent agonal° spot s
i n accordance weihmimzter sbentdisadapnteges THAViIPdFRAdaxlitdn egPnierdasmeailbed

above is mount egetRodde uk@NBr nRkdoel ehbfts asabhdndvaaglQ) tavstiehoa fashion
that it |§5hor| %Ignt ally arran%ed hugt ;above the 20 gol |.€h| mg Q__%d 10 while

bei ng paraPl el WPERPHePhFESR nhPphd 0. SASYREFESEPI B’y HEe 160 33%E t abl e
104 are driven sndedisheibuniom| obHf miteodNG coreswilicg 102, a ardcisdddneam i s

irradiated throgghpbhe,pagkrdfdy 0nh0othRe pé2iBRLhghiragePa¢ 10 gBuNaGon the
tabl e 104, therebgFf orm ng, on the polishing pad, mcro-holes having a

pattern correspBhtffigSto the pattern inputted to the CNC controller 102.
That is, the | aser dedmchelOohpeats, obn thiee FOvepdiiiophi iy padptOyide a

m cr o- hol havj sh . $héfiaRd espect | p i to
Those 1 npactea FOoTRS. CRR cont Tl Ty T00 ahder - hB Contyororay te e 14

W O 03/ 011522 Pé*YRFB?/OiQQEFS' sizes, and patterns to e ctively
control the flow of a slurry during a polishing process,

in order to eliminate the disadvantages involved with
conventional mechanical methods, that is,_insufficient

25 control for the flow of the slurry due to a fixed shape
or pattern of grooves or perforations.

Another object of the invention is to provide a
method for forming grooves, which is capable of not only
eliminating use of any adhesive mask, ﬁhereby

30 eliminating problems involved with the case in which an
adhesive mask is used along with a laser beam, that is,
a complexity of the whole process, and the requirement
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controller 102. The shape of each m cro-hole such as a circular shape, an
oval shape, a triangular shape, a rectangul ar shape, square shape, or a
pent agonal shape can be determ ned by adjusting the shape of a | aser spot 5
focused ontwotoe11s2 i shi ng pad 10. Al so, the dianeter or wcuikromi4ench

m cro-hole to be forned on the polishing pad 10 can be controll ed by
adjusting the size of the |aser spot. For exanple, when the size of the

| aser spot is adjusted to be 10 to 150 }zm mnicro-holes having a 10

di ameter of 10 to 150 umcan be formed. Al so, where the size of the |aser
spot is adjusted to be 1 to 100 um mcro-holes having a dianeter of 1~ to
100 um can, be forned. The |l ength. of each m cro-hole and the space between
m cro- hol es arranged adjacent to each other in 15 the travel direction of
the | aser beam can al so be adjusted by control ling the

conti nuous/i nt er tient | a beam e t h of
each nicro-hol e° n Fhe 881 us? %'{b%%g%n r Ol Irierl1no E’g ]%ces RJJEI éasgs?) beam
20 Meanwhi |l e, tRehiapireg 16D, ipproaMepent henpehemcm:grpém P(f |t§’em£mﬁcé’@ can

3_6 nmoved in mrgerﬂhﬁﬁaﬁlmbe digiRgt UQﬂérséH@é.bi&u.r?@d pédsand Z- ?X| s o

i rections, ile rotatin out an esi r.e tern of m rooes
is formed by the | aser® gﬂ? E%d?g‘f%lapa%’h%}) @he 9250%?%%1l ‘ra]tgh%pzfdr Ch

accor dance S t hlnhenthmeenrmﬁﬁ%nal nefgvedrefes &Frning t a e lmlleﬁh}r@ the
X, Y, and Z axegpa@nd hierd-HaAldson eEobbest641{@/&@4pée¢e&atmen§orﬂarﬁngof t he
CNC controller 1Q2 based on theé_&n%ﬁ (gwlm ﬁro hol e Qatter

m cro-hol es may HYFESE BRETFEP ©r 8§FE¢t f‘oa?ﬁ%r%acﬂcfesm%é‘
surface. The deasﬂayearudaalnxrmrrgmm:nmcoplehenma:rm)aﬂo.l es may al so be

adj usted by controllif}g Lhe, @yl @Eth%tnatérﬁlgo&Hﬁ‘éﬁs Qf tehe 1;5resé{3@.
03/ 011522 PCT/ KR02/01469 ta e 104.. Thu m cr o- hol avi esired

pattern set®ct ed WeBHL BT veFRBTPat B ePﬁgvk‘g‘T’fjb% eF E?Ftﬂ%ggﬁﬂai%gn@ pad
i n accordance wphiahéngbipaat | compfidirey coher dtdpw bdfie Wdtezmindeyi e 100,

the control for tatE%egHS f1 ciacnqkotlleg CQ;‘]:torog]es nc;/}}ﬁ' @%for]ac&‘ion-gh%o

formation of grooves or perforations |s achieved using sane met hod as
that used in th®ef drarmedorProfa t Pelhsking Hnpds. 1@1‘6%t%‘ﬁ%r5}h%l geteqpingrbs,
and perforat| onpatkgrhe sebectd velopmpltéer mesumeridel pokbahiral pattNk.

P o enel ;o Pitale SOLEEAL "l M PIng £OOBLOGH POF L Do 1 T1E

| atter cas t h& Er oxﬁof es roo may_ be sequentl ally
or si mul t aneous/hpliess msEooYRE ﬁEéKOIOPe#ﬁS?r@*elQ%l @%ﬁ/ﬂl?ﬁﬂﬂﬂnélctt@r dehspy 15

formng a chromlwpulte)éar pA¥eEra; taﬁesaawmggéaﬁsséﬂbawfé@ addptquatier ni ng
the chrom um | ayer gccorc}ance %Ilth a hotg s %r ag*l_:% pLocess, The mask
101 may be nade ‘351356 8 ‘REEAI eﬁ‘BI? % fa IFPIMF 9P show
phot ogr aphs of rfitgree- Hémess 2ond brmascenen tacngr d-'aﬂ@élﬂrlt Hhttl'he pYRR@KEing
i nvention, >4 espagd W1Yshlhg m&r%m&@sa oéon%rel ¢ ane tatMednbyoller

oscillating a | aser bpeam e of 197 to 248 nm.at a power of
5to 10 watts, eél%t{l‘i'ﬁe ga%t?#aa?ﬁ*??ﬂy (FReTRy | foradiating then
whil e al |l owi ng tlesdraseambdaom ¢hpadesehr deyhcehenpat the npolishingrasid At

this time, the depidy@kdt hgy meae h@$@§el Snrﬁ.qfetr(ﬂ{dvqﬁlngtﬁ@ntf%ié ngid he
shot tine of the l[aser beam ile repeatin

i rradiation of tarFepqré"?é‘Febe‘ErﬁgBOtB? t‘tﬁ"’é:&ﬁ'g p%%\?tteﬁfh tqag If“n%r%ont rol
of the | as2p bedmliag,adgadboves, s aadhoevembrﬁomta@trmanhevmq hanopatbéxn t he

shot tine, but 3l50ddenBiARer Ll crdOtstetRined\CpdBt 1A 522 PEH MR/ O 469

the polishing pad.

Brief Description of the Drawings
Fig. 1 4is a schematic -wview illustrating the
30 configuration of a typical CMP machine and a pollshlng
method performed using the CMF machine; '
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As shown in Figs. 9a, 9b and 9c, the mcro-holes forned in accordance with
the present invention have a uniformdianmeter and a uniformdistribution
whil e having a snooth surface. The micro-holes can also be fornmed to 5 have
accurate ango®sMAkse patterns. . However, the conventi onalpctiikiofrefagd es 9a
formed using only the irradiation of |aser beanms may have rough surfaces
because the surface of each mcro-hole 9a is nelted due to heat caused by
the irradiation of the | aser beam near 10 .the regi on where the mcro-hole
9a is fornmed. Also, mcrocells of Figs. 3 and 4 forned in accordance with a
conventi onal nethod using m croel enents each having a cavity, or a foam ng
process, have a non-uniformdistribution and a non-uniformsize. For this
reason, 15 the mcrocells, which are exposed as the polishing process
proceeds, have non-uniformcross sections. The mcro-holes of the present

i nvention have the Sane .%unction as Hpe conveni%on€l.€jcr ells in that
they supply abrasivefpdrtfctes® TGS Nt HBBTIA Y P5dGeRESREr i ng

t he polishing ppbceMP aethddscharge the coll ected debris when the
polishing pad is recengitizoned.a | hAdd gl ol h dBoe@180l:8¥maE LBEngr esent
i nvention have a,unlforn1d|struﬁﬁt|oq and a unlfonn15|ze.dAccordLEgl , the
m cro-hol es of TheroB SRaRFE AN R8T RaRRVesYsiide PE6PY 98058 FoF et ect s
over those5of tdenwvearientalomelthwider ocells. In accordance with the present
invention, the distrighyti gn;.d i 74-¥ ! - efreely
determined, if desire _g‘Tﬂel?ragﬂ_ﬁ?ésﬁ/"s?‘%f‘y%rfroﬁ‘ﬁte gﬁ%%@h@ﬁeﬁgﬁg of 30
the | aser devi cBOWHoANAeifRFMEBHAIBEERYYE he polishing pad in accordance
with the present inve@dgion.5#8ccarsdi ngbhematirc whaliewpr otEbsstsatdimpl ea It i s
al so 17 WO 03 g ggg&g%gQIggg%ggl%gg Pgﬂﬁﬁﬁfgﬁ&%w%%;use any additiona
process, for exanplé, "an adhesive renoving pfocess. I'n addition, there is
an advant 4§e in that File mdbhod Sof & heSPIMALAC | K@Mt | drl LustapsdngppRi cabl e
tgl_the case in ﬁbiﬁihﬁlib’ @iﬂe_shﬁeiﬂﬁsﬁr%oﬁr@?noﬁoﬂﬁéhdlsq(ﬁ- the ﬁﬁ@gpnatfp ;
oblique region at_the lower. ri.ght portipn of the nphotogra hown in Fig.
represents a pe??%?%ﬁ?fﬁ?f%ﬁﬁﬁg%soﬁgéngongrﬁ?ﬂf%ﬁgioﬁé?nﬁugp%%hventional
perforating pin. As $hgwn Son iF (@ Qrossrsertipaafovierotakes aleosdghhsurface
causing debris §@ngepnl mp idr tfig . peplorati on. Such debris may form scratches

on a surfgce being pql.ished durin he rocess.. However.,. sych . a

pr obl em dggs not ari gJé'gWi %’? t1Te ap%‘r“?’&f“ﬁ%n%f:gb?r&%]vev o n%]algs;{rfé"&gﬁdance
with the presena ippidsthiong Hadefausedt W thergumamesorhaving oavdatidce
smoot h surface BYeVifd Ugyof a8 EGSREntIRHRAINT AOr PLOGESS - mh 11 8RE OrRIMGRW t D

the present invention, perforations or_grooves havin% glverse atterns nmay
be freely forne@CupEedettth Fonientigral gutying {ays| 3ng 8PEEREMLI ¢ vi ews
respectively illustratigng etanpies af schematicl esviguer fidrlatstamsingnda

grooves fopyred | al | SNt £4 tEQN.ehB '
schemat i c%\r?i ew Fpllgg%?g i %%9 mgﬁntghegﬁ n pa%égﬁé\d]v\h%ugh 1?'h"(:ec;:“:,foo-r#gI bg, ?or nmed

< a 25 polis
in accordance wiehtife Bﬁegﬁﬂﬁ FORESRY QR PHIRANGES. 1581 " gepad
shown in Fig. 1l8fh&sgm €a0- hol es having different densities at different

radial regions. In eagh rad g% éiegEin‘iloﬁJ!? Jﬂe%{]‘lﬂ%%a’@@%{&.ﬁéﬂgﬁ UHE

density and a 30 uniform size. I's a schenmatic viewillustrating a
pol i shing pad ohakhich-Peapest at BEASVEDr mEATPRd acLdr ddhGe 18PRVeRSiPRad11522
PCT/ KRO21®k469 Wokhzoheaprebntng maehtinen are arranged. Fig. 12 is a
schematic view illustgating_ a l'ishi %ggt whigh gr & t;ggqﬁf i_n
accordance with the 6$%Een%ain§§nt?onggf aﬁ%&ﬁbegs 'n ?ﬁg %aseli ustrat ed
in Fig. 11 or 1gonventional perforating  pins adapted to form
perforations on a polishing pad;
Fig. 7b is a plan view illustrating a polishing pad
30 formed with perforations by the conventional perforating
pins of Fig. 7a;
Fig. 7c 1is a sectional view illustrating the
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5 the machining process is conducted by noving the table in X and Y-axis
directions while rotating the table. Al though only a fixed pattern of
grooves or perforations is fornmed in accordance with the conventi onal
mechani cal weabbniszey net hod, as shown in Fig. 5b, 6b or 7iPCTKRoanidexed,

di verse patterns of mcro-holes, grooves or perforations can be freely
formed using a, CNC controller, a |laser beam and a mask in accordance with
the present invention. In accordance with the present invention, the 15
pol i shing pad can have m cro-holes, perforations, or grooves having diverse
patterns, without being. limted to the patterns illustrated in Figs. 10,
11, and 12. Also, the polishing pad nay have a pattern which is a

conbi nati on of mcro-hole, perforation and groove 20 patterns. For exanple,
t he polishing pad may have a conbi ned pattern of mcro-holes and

perforations, n apgd..gr ~ P i an es,.,,or

m cr ohol es, peﬁ’gj}gﬁ%ﬁ aﬁgdgr g%ﬁg’.g I ﬁ['[’déulg{%%ﬁ%iﬁpl i chfbr%%?’t yb3§5 ,&?e
apparent from t Aen¥iionsds derforatingheinsesent i nvention provides a

hmst hod gapabl e of ea&ﬁbybfaar rﬁ[é‘lgamsghémbﬁigsNi@WOE.\lﬂﬁstaadﬁ.@% aerlfa@reath i ORS
aving diverse patferns a laser- beam.and a ., In accordance with the
present inventi gﬁ?é?ﬂ‘c%?ﬁoll& ﬁgei ﬁ'&cﬁllﬁﬁpgoﬂ%ﬁwddi% ??rb r\gong?inglhg

uni form si e arprésemedirorerdigol i shing pad by a | aser beam thereby

rraiq mh_2| ng tge 19 \f@gg%g%wgg PQT{M_ laQJi@lE‘)_QVEQL,l smggsﬁfgﬂiq{gen%eof t he
pol i shing pad, as copnmpared to conventional polishjng,pads, havin

hon- uni f or m m cFBRATTLOR THE WUEEhta| NOEREI BN ot pLborabared {BBER & an
enhancenent in maski niseyl efihi cteacynaoid.ndng rmeltited ormdoeraangf aod urtiheg

costs. In accorgggggn,yviﬁ\,émoq{;esent invention, perforations and grooves
havi ng preci se and diverse patterns can be forned. Accordingly, it is

possi bl e tX8 ef fecti véhg-cft AG & MEotrgRaBh 8heving yEhe RIRN pHHEUGHYE pad.
10 I n accordancefwmilkrbhBopess&armedvdnt ithe ckesér el patithr onlef laser

m cr o- hol es, peg%%&gtépgsu d grooves havi ng diverse shape, sizes, and
depths, and a conbinatl on 1 €reof can be precisely and efficiently forned
on a polishing pad byig.| #perdsp@ambpi@azapiskRhewing thehpian tsHBiICHreed on

a given polishipg gopdiisRing AS£P K VIGgY milcko-BoResSESkRed Ol AL R N
enhancenent. i n panufaciuri ag ef{rhm enc% and @Qrelg ction_in nu;?ectig__rl ng
costs. Al toughifh¥hF8s 8r 8§ EnBEARNRARES B BRI h RT3 Th SFed & den
di scl osed for ikl pduralive plrpodseslan pahferns ibm adedrdannst hadhf dhe
fabricating a pglbshinénPads fildBtedehl TheeReWhes, perforations, and/or
grooves by use of a |l gser machinin rocess and a mask, those skilled in
the art will appreci &8t s “Fard ég'&?@rﬁﬁ’gi ?FB‘&?‘P%ngl?é aﬂg‘?‘fi%‘iﬁu%e
substitutions apcé popslbskingipadhavdiammiorg-hedest hersedpin dre yysiss t of .
the inventipn agndip¢kRsed1bBetNBeamnCRARSBY ! PHrShGh B 2k fHRALB/WIEID22
Claims PCT/KR02/ 01469 1. A _nethod for, fabricating a %Iﬁgql n%ng)%?,
conpri sing the &t &F2L§EOPELt HAGEETERG 1 REIHIRIGE Hidro- HF SRR 5
and/ or per forat b@inshéopbesémt nedvesrt imnpol | shing pad; inputting the
determ ned pattern tG.@ COMit €[ 5 schematic view illustrating a
polishing pad having micro-holes formed by the laser in
25 accordance with an embodiment of the present invention;
Fig., 11 is a schematic view illustrating a
polishing pad having perforations formed by the laser in
accordance with another embodiment of the present
invention; and
30 Fig. 12 is a schematic view illustrating a
polishing pad having grooves formed by the laser in
accordance with another embodiment of the present
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nunerical control (CNC) contraller; selecting a mask having a pattern of

m cr o- hol es, grooves and/or perforations corresponding to the 10 inputted
pattern, and . .driving a |aser device adapted to irradiate a | aser beam
and a tabl ewedapisz t o conduct a three-di nensi onal novenerCTaRI2DBIBAL | ON
whi | e supporting the polishing pad, under a control of the CNC controller
based on the 15 inputted pattern, thereby irradiating the | aser beam from
the | aser device onto the polishing pad supported by the table while noving
the table in accordance with the inputted pattern, so that m cro-holes,
grooves, and/or perforations having a pattern corresponding to 20 the
determ ned pattern are forned on the polishing pad. 2. The nethod according
to claim1, wherein a beam spot formed on the polishing pad by the | aser
beami s adjusted in size to adjust the dianeter or width of. the

m cr o- hol es, gg%g§ « Afjg/ or perforations being formed on 25 the polishing
pad. 3. The nethod according to claim1, wherein continuous and
intermttent irradiation periods of the |aser beamare controlled to adjust
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pollshlng surface of the, hi ng
nat ARIRS AR BReR b dthoda e & TRt ara B arptuging: thenarRarok 2
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ca $N“dB! Mpl0%&t)- ébcﬂ%.@%ﬁ JpadtF As a result, the material of th

/R’ 0, 0 0, 0
it R B B TR ialfe o
region where the laser beam is irradiated onto the
polishing pad. As the material of the polishing pad is
removed in the above described fashion at the laser-
25 irradiated region, machining of a micro-hole, groove
and/or perforation is completed.

Referring to Fig. 8a, a laser machining system is
illustrated which is used to carry out a laser machining
method according to the present invention. As shown in

30 Fig. 8a, the laser maéhining system includes a laser
device 100 for irradiating a laser beam, a mask 101, a
table 104 for conducting a rotating movement and a

12
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three~dimensional movement, and a computer numerical
control (CNC) controller 102 for controlling the laser
device 100 and the table 104. A polishing pad 10 to be
polished is mounted on the table 104.

5 The operator can freely determine the pattern of
micro-holes, grooves, and/or perforations to be formed
on a polishing pad, that is, the size, depth, and space
of those micro-holes, grooves, or perforations.

The following description will be made only in

10 conjunction with the formation of micro-holes. of
course, the formation of grooves or perforations is
carried out in a manner similar to that of micro-holes.

The operator can select a desired shape of micro-
holes from diverse shapes such as a circular shape, an

15 oval shape, a triangular shape, and a rectangular or
square shape. Also, the operator can freely determine
the diameter, width, or depth of the micro-holes. The
inclination of the micro~holes with respect to the
polishing surface and the arrangement of the micro-holes

20 can also be determined by the operator.

The pattern of micro-holes determined by the
operator is inputted to the CNC controller 102. The
pattern inputting may be achieved using a scanning
method, a CAD, or other means. The CNC controller 102

25 recognizes the inputted pattern, and controls the laser
device 100 and the table 104. The micro-hole pattern
determined by the operator is directly -designed on a
mask material. For example, a desired pattern may be
formed on a mask consisting of a glass substrate, and a

30 chromium layer - plated over the glass substrate, in
accordance with a photolithography technique.
Alternatively, a laser shield material film may be

13
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patterned in accordance with a cutting process. This
patterned film is attached to a laser device. In
accordance with such a configuration, selective
transmission of a laser beam can be achieved, as shown

5 in Fig. 8b. Accordingly, the laser beam is irradiated
onto selective portions of the surface of the pad, so as
to form a desired pattern. Where such a mask is used, it
is possible to form a micro-pattern difficult to be
formed using a CNC. Therefore, where a combination of

10 the CNC and the mask is used, it is possible to form a
pattern difficult to be formed wusing conventional
machining processes. For instance, although conventional
laser-used machining processes are limited to the
formation of circular spots or continuous lines, it is

15 possible to form rectangular or pentagonal spots in
accordance with the present invention.

The mask designed .as described above is mounted to
the lower end of the laser device 100 in such a fashion
that it 4is horizontally arranged just above the

20 polishing pad 10 while being parallel with the polishing
pad 10. '

As the laser device 100 and table 104 are driven
under the control of the CNC controller 102, a laser
beam is irradiated through the mask 101 onto the

25 polishing pad 10 mounted on the table 104, thereby
forming, on the polishing pad, micro-holes having a
pattern corresponding to the pattern inputted to the CNC
controller 102. '

That is, the laser device 100 forms, on- the

30 polishing pad 10, micro-holes having a shape, size and
space respectively corresponding to those inputted to
the CNC contreoller 102, under the control of the CNC

14
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controller 102. The shape of each micro-hole such as a
circular shape, an oval shape, a triangular shape, a
rectangular shape, square shape, or a pentagonal shape
can be determined by adjusting the shape of a laser spot
5 focused onto the polishing pad 10. Also, the diameter or
width of each micro-hole to be formed on the polishing
pad 10 can be controlled by adjusting the size of the
laser spot. For example, when the size of the laser spot
is adjusted to be 10 to 150 pm, micro-holes having a

10 diameter of 10 to 150 um can be formed. Also, where the
size of the laser spot is adjusted to be 1 to 100 pm,
micro-holes having a diameter of 1 to 100 pm can_be
formed. The length. of each micro-hole and the space
between micro-holes arranged adjacent to each other in

15 the travel direction of the laser beam can also be
adjusted by controlling the continuous/intermittent
irradiation period of the laser beam. The depth of each
micro-hole can be adjusted by controlling the power of
the laser beam.

20 Meanwhile, the table 104, on which the polishing
pad 10 is mounted, can be moved in three dimensional
directions, that is, X, Y, and Z-axis directions, while
rotating about an R axis. A desired pattern of micro-
holes is formed by the laser beam irradiated onto the

25 polishing pad 10, 1in accordance with the three-
dimensional movements of the table 104 along the X, Y,
and 2 axes and the rotation of the table 104 under the
control of the CNC controller 102 based on the inputted
micro-hole pattern. The micro-holes may have a desired

30 angle with respect to the polishing surface. The density
and arrangement of the micro-holes may also be adjusted
by controlling the moving and rotating speeds of the

15
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table 104.

Thus, micro-holes having a desired pattern selected
from diverse patterns can be formed on the polishing pad
in accordance with a combination of the control for the

5 laser device 100, the control for the mask 101, and the
control for the table 104. The formation of grooves or
perforations is achieved using the same method as that
used in the formatien of the micro-holes. Such micro-
holes, grooves, and perforations may be selectively

10 formed on the polishing pad 10. Alternatively, they may
be formed in the form of a combined pattern. 1In the
latter caée, the micro-holes, grooves, and perforations
may be sequentially or simultanecusly formed. |

The mask 101 may be typically manufactured by

15 forming a chromium layer over a transparent glass
substrate, and patterning the chromium layer in
accordance with a photolithography process. The mask 101
may be made of plastic, metal, polymer, or paper.

Figs. 9b and 9c show photographs of micro-holes

20 formed 1in accordance with the present invention,
respectively.
The micro-holes of Fig. 9¢ are formed Dby

oscillating a laser beam having a wavelength of 197 to
248 nm at a power of 5 to 10 watts, and selectively

25 irradiating the oscillated laser beam while allowing the
laser beam to pass through the pattern of the mask. At
this time, the depth of the micro-holes is controlled by
cqntrolling the shot time of the laser beam to be 0.1 to
10 ms while repeating the irradiation of the laser beam

30 at the same position. That is, thé control of the laser
beam irradiation is achieved in accordance with not only
the shot time, but also the number of shots.
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As shown in Figs. 9a, 9b and 9c, the micro-holes

formed in accordance with the present invention have a
uniform diameter and a uniform distribution while having

a smooth surface. The micro-holes can also be formed to

5 have accurate and diverse patterns. . However, the
conventional micro-holes 9a formed wusing only the
irradiation of laser beams may have rough surfaces
because the surface of each micro-hole %a is melted due

to heat caused by the irradiation of the laser beam near

10 .the region where the micro-hole 9a is formed. Also,
microcells of Figs. 3 and 4 formed in accordance with a
conventional method using microelements each having a
cavity, or a foaming process, have a non-uniform

distribution and a non-uniform size. For this reason,
15 the microcells, which are exposed as the polishing
process proceeds, have non-uniform cross sections. The

micro-holes of the present invention have the same
.function as the conventional microcells in that they
éupply abrasive particles while collecting debris
20 produced during the polishing process, and discharge the
collected debris  when the polishing pad is
reconditioned. In addition, the micro-holes of the
present invention have a uniform distribution and a
uniform size. Accordingly, the micro-holes of the
25 present invention have considerably superior effects
over those of the conventional microcells. In accordance
with the present invention, the distribution, density,
and size of micro-holes can be freely determined, if
desired. The mask is simply mounted to the lower end of
30 the laser device without being bonded to the polishing
pad in accordance with the present invention.
Accordingly, the whole process is simple. It 1is also
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unnecessary to use any additional process, for example,
an adhesive removing process. In addition, there is an
advantage in that the method of the present invention is
also applicable to the case in which any adhesive mask
5 cannot be used.

The diagonal oblique region at the 1lower right
portion of the photograph shown in Fig. 3 represents a
perforation formed on a polishing pad using a
conventional perforating pin. As shown in Fig. 3, the

10 perforation has a rough surface causing debris to remain
in the perforation. Such debris may form scratches on a
surface being polished during the CMP process. However,
such a problem does not arise with the perforation or
groove formed in accordance with the present invention

15 because the perforation or groove has a smooth surface
by virtue of a laser machining process. In accordance
with ‘the present invention, perforations or grooves
having diverse patterns may be freely formed, if
desired.

20 Figs. 10, 11, and 12 are schematic views
respectively illustrating examples of micro-holes,
perforations, and grooves formed in accordance with the
present invention.

“ Fig. 10 1is a schematic view illustrating a

25 polishing pad on which micro-holes formed in accordance
with the present invention are arranged. The polishing
pad shown in Fig. 10 has micro-holes having different
densities at different radial regions. 1In each radial
region, the micro-holes have a uniform density and a

30 uniform size.

Fig. 11 is a schematic view illustrating a
polishing pad on which perforations formed in accordance

18
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with the present invention are arranged. Fig. 12 is a

- schematic wview illustrating a polishing pad on which

grooves formed in accordance with the present invention
are arranged. In the case illustrated in Fig. 11 or 12,
the machining process is conducted by moving the table
in X and Y-axis directions while rotating the table.
Although only a fixed pattern of grooves or perforations
is formed in accordance with the conventional mechanical

" machining method, as shown in Fig. 5b, 6b or 7b,

unfixed, diverse patterns of micro-holes, grooves or
perforations can be freely formed ﬁsing a CNC
controlier, a laser beam, and a mask in accordance with
the present invention.

In accordance with the present invention, the
polishing pad can have micro-holes, perforations, or
grooves having diverse patterns, without being limited
to the patterns illustrated in Figs. 10, 11, and 12.
Also, the polishing pad may have a pattern which is a
combination of micro-hole, perforation and groove
patterns. For example, the polishing pad may have a
combined pattern of micro-holes and perforations, micro-
holes and grooves, perforations and grooves, or micro-
holes, perforations and grooves.

Industrial Applicability

As apparent from the above description, the present
invention provides a method capable of easily forming
micro-holes, grooves, and/or perforations having diverse
patterns by a laser beam and a mask. In accordance with
the present invention, micro-holes having a uniform
distribution and a uniform size are formed on a
polishing pad by a laser beam, thereby maximizing the

19
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polishing efficiency of the polishing pad, as compared
to conventional polishing pads having non-uniform
microcells. The present invention also provides effects
of an enhancement in machining efficiency and a

5 reduction in manufacturing costs. 1In accordance with the
present invention, perforations and grooves having
precise and diverse patterns can be formed. Accordingly,
it is possible to effectively control the flow of a
slurry on the polishing pad.

10 In accordance with the present invention, desired
patterns of micro-holes, perforations, and grooves
having diverse shape, sizes, and depths, and a
combination thereof can be precisely and efficiently
formed on a polishing pad by a laser beam and a mask in

15 a short time, based on a given polishing condition.
Accordingly, it is possible to achieve an enhancement in
manufacturing efficiency and a reduction in
manufacturing costs.

Although the preferred embodiments of the invention

20 have been disclosed for i1llustrative purposes in
conjunction with a method for fabricating a polishing
pad formed with micro-holes, perforations, and/or
grooves by use of a laser machining process and a mask,
those skilled in the art will appreciate that various

25 modifications, additions and substitutions are possible,

" without departing from the scope and spirit of the
invention as disclosed in the accompanying claims.

20
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Claims

1. A method for fabricating a polishing pad
comprising the steps of:
determining a pattern of micro-holes, grooves
5 and/or perforations to be formed on a polishing pad;
inputting the determined pattern to a computer
numerical control (CNC) controller;
selecting a mask having a pattern of micro-holes,
grooves and/or perforations corresponding to the
10 inputted pattern; and
driving a laser device adapted to irradiate a laser
beam and a table adapted to conduct a three-dimensional
movement and rotation while supporting the polishing
pad, under a control of the CNC controller based on the
15 inputted pattern, thereby irradiating the laser beam
from the laser device onto the polishing pad supported
by the table while moving the table in accordance with
the inputted pattern, so that micro-holes, dgrooves,
and/or perforations having a pattern corresponding to
20 the determined pattern are formed on the polishing pad.

2. The method according to claim 1, wherein a beam
spot formed on the polishing pad by the laser beam is
adjusted in size to adjust the diameter or width of.the
micro-holes, grooves and/or perforations being formed on

25 the polishing pad.

3. The method according to <claim 1, wherein
continuous and intermittent irradiation periods of the
laser beam are controlled to adjust the length of the
micro-holes, grooves, and/or perforations being formed
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on the polishing pad and the space between the micro-
holes, grooves, and/or perforations arranged adjacent to
each other in a travel direction of the laser bean.

4. The method according to claim 1, wherein the

5 laser beam is controlled in power to adjust the depth of

the micro-holes, grooves and/or perforations being
formed on the polishing pad.

5. The method according to claim 1, wherein the

table is moved in X, Y, and Z2-axis directions to adjust

10 an angle defined by the micro-holes, grooves and/or

perforations being formed on the polishing pad with
respect to é polishing surface of the polishing pad.
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