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CHEM CAL MECHANI CAL POLI SHI NG PAD USI NG LASER Technical Field 5 The present
‘invention relates to a polishing pad used in a chem cal mechani cal

pol i shi ng and nore particularly to a nethod for i
nicro-holeg&ngﬁﬁgpations, or grooves on a polishing pad %§ﬁgk¥@gg?_
Background Art 10 Generally, chem cal nechanical polishing (CWP) is a high
precision/mrrored surface polishing method used to obtai nygil

pl anari zation in a sem conductor device nmanufacturing proc ﬁHNWﬂ%@NMMMI
accordance wth such CMP, a slurry is supplied between a polishi ‘and
a wafer to 15 be polished, so as to chemcally etch the surfac8Y the

waf er. Using the polishing pad, the etched surface of the wafer is
nmechani cal |y polished. Referring to Fig. 1, a typical CW mnmmwumwmwmh is
denoted by the reference nuneral 1, is schematically . 20 i .

Al so, a CW nethod using the CWP machine 1 is schematically il l|*o®teated in
Fig. 2. The CWw nethod includes a chenical eftching reacti ocess and a
mechani cal pol i shing pMBEERR FQR PR T%Hﬁd%%‘f‘%msﬁéﬁ@%gff&shi ng pad 10
included in the CMP machi ne 1. POR&ESEBNG heAD GEHING TABAB reaction is carried
out by a slurry 42. That is, the slurry 42 serves to chemcally react with
the surface of a wafer 30 to _be polished, thereby making it possible for

t he nechani cal polisHediprddeddeld WD 031011520 PCT/ KRO1/ 01462 fol | owi ng
the chem ca etching Teachresent oiheewaisid yrebattdedtout. dalishéngegadni cal
pol i shi ng proces t ol shi i d.8 L1 X u a

pl aten 20, rotaP%gq Qﬁégwgkép‘%%,R%EP%ﬁi?%guéq%ﬁﬁ?1&8|Egh§e§?5q%§f§?ﬁ§r ring
32, rotates whi Parbsen}amky ngto A &l uleibednt &Phi n§OEBERGT vBLIPERTHAESs i s
suppl i ed to theppekbsitivhPadrlQrbyvassburd Ypaldpplingnpadsb#la IEwersupplied
slurry is introduced between the polishing pad 10 and the wafer 30. The

i ntroduced abrasive particles
Background Art

10 Generally, chemical mechanical polishing (CMP) is a
high precision/mirrored surface polishing method used to
obtain global planarization in a semiconductor device
manufacturing process. In accordance with such CMP, a
slurry is supplied between a polishing pad and a wafer to

15 be polished, so as to chemically etch the surface of the
wafer. Using the polishing pad, the etched surface of
the wafer is mechanically polished.

Referring to Fig. 1, a typical CMP machine, which
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,



10 cone into frictional contact with the wafer 30 by virtue of a relative
rotati ng speed difference between the polishing pad 10 and the wafer 30, so
‘that they conduct mechanical polishing. The slurry 42 is a colloidal liquid
cont ai ni ng wbr&siy® particles having a grain size 15 of nanoneters. This
slurry 42 is spread on the polishing pad 10 during the pof¢¥KRHP420cess.
As the polishing pad 10 rotates during the polishing process, the slurry 42
supplied to the polishing pad 10 is outwardly discharged fromthe periphery
of the polishing pad 10 due 20 to a centrifugal force caused by the
rotation of the polishing pad 10. In order to achieve an enhanced poli shing
efficiency, many abrasive particles should remain for a desirable |engthy
period of time on the upper surface of the polishing pad 10 so that they 25
participate in the polishing of the wafer. That is, the polishing pad 10
shoul d make the slurry 42 be held on the surface thereof for as long a

period of tine fslpmaidl ehel Bhemdehlt @ tERKEst y he held on,the

pol i shing pad fg rlaiéaongu?eri d %ﬁ? ti e, the?e'}%gzlf:gé{"s QUs?d £3FetKod of

forming spherical mcrocells naving &eRanigplosreishing PerrrReL/ 0LU62 si ze
of microneters POERNIGG Paret Hdd whidlor i ngipedIor@sionsd 0bn JRORIESAL the

surface of the Do) i sbtigepad. TRYCRBLET g6€l . pernforatiqns ,and, grooves act
to control gsthe £ 1pavxnaeq:d distr gggti gn gf g?he@?‘ﬁ?rﬁ% if:id:r?’t iYane[}sq %%u?)pl i ed
during the polishing proﬁ%%%. nVETEERalMhi e heSeiorlpdtinan & Silurogel | s
at the pol i shi igPHedniggacralmesd vesi nprxiphysi cals meddigd 1ig a chenigal
nmet hod. As the gpdnisHGal hdpod,p tpere i t En which hqll ow
m croel enent s e%h ga\éignsga cavi tgflga a?é@%o%&ngﬁledﬂ?%% ghl‘yma?]i“’c
matrix to formMerocs 1EUIAY ishdntreduead Rettieen ther polsshifigapadg
net hod i n whi chlbuhl eshareathentecal | hd ofmmobdi@cHoLmA¢Lac h&:ﬁici@
i ncorporatpon dond GG ipn,a ri,.g, 15 matrix 1s_achieved by
i mpr egnati ng acgér eigﬁBSE?Bgﬁohg%r%@ﬁ%ﬁenﬁ?ﬁ agﬁeh§9Fﬁ5 a0chVi virtwR o a
pol ymeric matriX i i shete¥asHosatinat Sueedy di 666 et s bataesni Tt v
distributed in pdis shahynpaic 108GREX thehebeby 5T ”BB%HLEWB%" Sondil

a

pol ynmeric matripgednS ar hy .20 m X a curing agent w resin such
as urethane, pog ,yestngresgf I%%‘Lr%%alt%’gd hygﬂgca?]t}b’ﬁfy of2a $§ xteur eothetdt . For

the i croel emenfSUifnGPghAlping 2brasiger panttelesohabley gaMyrHin resid i s
mainl y uskd  Sechnanomeebeserithid @1u8ge £f 0ol ahohal oo pegti,
pol yVi ny! 25 pyiol{flo irprﬁ°'1¥1§t hé%gnergiq’w/col, ol yur et hane rJ'a _
conbi nati on théreof. SuUC croel BRetis e R Aafssver dife Hhaneekisiinabout
150 ' Em The mPéfodilerfiatiadear durdhfotitey pdil$shihmt procyss, t’rﬂﬁé p@ihlm%g BCf
oSSR T8 48 bt 100 oo s sy
g pad 10 due
20 to a centrifugal force caused by the rotation of the
polishing pad 10. In order to achieve an enhanced
polishing efficiency, many abrasive particles should
remain for a desirable lengthy period of time oﬁ the
upper surface of the polishing pad 10 so that they
25 participate in the polishing of the wafer. That is, the
polishing pad 10 should make the slurry 42 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
30 used a method of forming sphericall microcells having a



WO 03/ 011520 PCT/KRA /01462 formed using the cavity bodies are illustrated.
The'pad forned with mcrocells in the above nentioned manner is
‘subsequently cut into pieces each having a desired thickness to obtain a
pol i shi ng . ach cut piece, 5 mcrocells randomy dj ' in the
pad are opgﬁgﬁnéﬂsﬁhe cut surfaces of the cut piece, so thé@kkﬁgbsgre
exposed in the formof a circular or oval c¢ross section at the cut surfaces
of the cut piece. The sizes and positions of the mcro-cell cross sections
exposed at the 10 polishing surface of each polishing pad are random Such
random si ze and position of the exposed mcrocell cross sections serves to
degrade a desired uniformty anong polishing pads. Tn accordance with the
chem cal method in which 15 cells are forned using a foam ng process, a
polymeric matrix is formed by mxing a curing agent with a.liqui dphase

pol yur et hane form ng substance having a | ow boiling point. Water or
l'iquefied gas, whi,eh dier eqfiloyohakss Pankmj N & Chem gatpggackton éﬂniﬁ@“efate
gas, is also used as a_20 foam ng agent, thereby producin ubbfes to form
cells in the popﬁﬁ%PFﬁthﬁ?§i9? gggo $DHAEEt FBR B?rgﬁ%%l%g ggeaﬁﬁlﬁﬂﬁﬂmby way
of a nucl eati onpadusedunh antigicedliaar pardorgtapesabndn.grdovesfl actkanrio

whi ch serves to L.eye red .OoNn inss ron, ds SO to

adj ust 25 the SF?§@%§Yni?cheﬁﬁgﬁptﬁg?%bvﬁgc |§%&%§hq égiiréﬁf uﬁ#ﬁ%ﬁﬁ%ty of
mcro-cel | M CPBEANEQUS LY ntdPRisiasy dupdhg oblag RpIPrsddasspapeestown in Fi g.
4.h Were cel | EI are fmdmritriﬁaammydaﬂﬁe %tﬁa’ff&f@ﬂ%{)&rﬁaﬁ%sfat OIhm@!aver,
there axe pro N a C Q arge..t o .be.30 ied to a
CWVP pad, that tE%Eégg%+$sbﬁgvgsa%%%ﬁﬁﬁﬁﬁf%?%PH a WBMiiﬂﬁil§fgggd or a

PCT/ KROLI 01462 @h&epirdbt imsthosnd that thRerrhysdoad matiodl captte o6 a

adj usting the shzehaddifli $h1cHWHIARBWOMitREeLENS:s HRNTHhaKOEE! 4 Scdwrdyed
using mecr Ien%Qts ea%gnpavgn% a cavity or 3 f oam ng ggocess have_a
spherical B strastur HTRARSE3ESEi r it ar® or POYEPE} BssMeEELFondP sHERR® Due
to such a shapemicheced t® ocebs sthaveheméeads smedvid,orthemreyiiy a nfodming
thickness direckhc@Roff ithewROEN SBLPEL ORdarEO%NRE 82l BFSBrmbHE £& OJ?_ogcm

section of each nlcroc§il exposed at the polishing surface of the
pol i shing pad | §¥&PFBU3s the polishing pad is abraded during a polishing
process. In other worlls heorparatdonove micreaedemestexposed pblyneric

polIshing paif fage 9fxt N PALL36LAY B3] ALA-radial! % redbged hdufl 2y er as
t he polishing prqocess_proceeds, and finally "di sappear.
microelements each having "a cavity into a polymeric
matrix in such a fashion that the microelements are
uniformly distributed in the polymeric matrix, thereby
forming microcells. The polymeric matrix is prepared by
20 mixing a curing agent with a resin such as urethane,
polyester, fluorinated hydrocarbon, or a mixture thereof.

For the microelements, inorganic salt, sugar, water

soluble gum, or resin is mainly used. Such microelements
are made of polyvinylalcohol, pectin, polyvinyl
25 pyrrolidone, polyethylene glycol, polyurethane or a
combination thereof. Such microelements have an average
diameter of about 150 Em. The microelements are
uniformly distributed over the polymeric matrix in
accordance with a high shear mixing process, so that they
30 form uniform microcells. Referring to Fig. 3, microcells



15 Eventual ly, mcrocells existing below the surface of the polishing pad

w t hout being exposed, are newy exposed at the polishing surface of the
‘pol i shing pad. Thus, the cross section of each mcrocell exposed at the

pol i shing swofdphssf the polishing pad is varied 20 as thgcf/ggglzﬂ‘i‘ag pad
varies in thickness during the polishing process. For this , there is
a problemin that the polishing rate is non-uniform In order to form
perforations or grooves at the polishing surface of the polishing pad, a
mechani cal 25 machi ni ng nmet hod has been used which uses a cutting or
mlling process. Referring to Fig. 5a, a cutter 70 for form ng grooves is
illustrated. Wien a polishing pad is nachined using the cutter 70 nounted
to atool die on a |athe 30 under the condition in which the polishing pad
is 5 WO 03/011520 PCT/KRA /01462 rotated, grooves are forned on the upper
surface of the polishing pad in the formof concentric circles, as shown in

Fig. 5b. Fig. Sommed wsiwstecidavinly Woalebaken 81 o0gided | ngyd ooA of
grooves forned using

Fig. 6b. Referrg i exeml.,ary .f orm of '
the cutter is il(lgh%gétc?a‘{fe%.l ’?ﬁci‘?r)"g"q b, nﬁ‘é’egra&?\)@s mend 10BR6t BANBGTt he
ref erence numer3fPSEuUERt g amdte dhter aviemeshavanl thevimy maof degneeatric
circles is di sctisesithdss WS.odtatienta Ne1i5n984. : ferring to Fig. 6a,
a horizont gl ”1$iéf§k%?¥§?fy%d81 is SEE%@B %ﬁ§ ?%h éﬁ%??ﬁ% §g%sp§§c3hd
spacers 83 are nounted THE UMY nGLSbhPHEL A0 dher idgdr édet ePADOS ah an
X-axi s directiofl® ACBS| inHifiagesadodOthe mmtmashiced 55 mapwed tHe@ YpaXis

direction. |In asgygnce Wid $es mveneats,, . ar es . 85 extepnding in a
first direction arg formed on the 3ﬁﬂgin§hrfa%% o fﬁ%’péFPgﬁiﬁﬁcgéﬂnlo.

After the fornmation of e YHIAFES o5 R FBEI PAeRg- padhed $izetanéd 90.
In this state, RpUdvensertfentenylérotelacendssi s66ticHs Wdoaganal £t he
first direoti opargmd@ o euredsas.Eh i shi ad 10 is noved in_the
Y-axi s directigh.;Thusg groovgg %%r%ﬁgg cﬁ%sﬂ%g fB?%1%ﬁeef?Qﬂﬂﬂ'ceS%?%
formed on the poii%R it &Urdt POHLIoRoWE ithef iegposeB mndrécel Reéesss ng t o

Fig. 7a, perforsdtigngi nsemres 2boi ldeyshnat ed mmﬁeﬁﬂgf&qnf@r Mymon
perforations at,f iR@lihghlagspad. Wen a perforating operation’is carti ed
out using the .perforating pins under the condition in which the polishing
pad is noved in a Y- §°§Preanren wishr forat themsicak fietired dm tiieich

polishinglsurfacdlef dfe B6rpedi abing RAdsoAS nFh Wb & Bglyﬁ?@rf&(a”pl €
of such 6 matrix is formed by mixing a curing agent with a . liquid-
phase polyurethane forming substance having a low boiling
point. Water or liquefied gas, which directly takes ﬁart
in a chemical reaction to generate gas, is also used as a
20 foaming agent, thereby producing bubbles to form cells in
the polymeric matrix. The production of bubbles 1is
achieved by way of a nucleation caused by a high shear
mixing operation. A surfactant, which serves to achieve
a reduction in surface tension, is also used to adjust

25 the size of microcells, thereby achieving a desired
uniformity of micro-cells. Microcells formed using the
foaming process are shown in'Fig. 4, Where cells are

formed in accordance with the foaming process, however,
there are problems in that the cells are too large to be
30 applied to a CMP pad, that those cells have a non-uniform




WO 031011520 PCT/ KRO1/01462 perforations is disclosed in U S. Patent No.
5,853,317. Since the conventional nethods, which are used to form grooves
Lor perforations at a polishing pad, utilize a cutting process conducted by

a |lathe or the 5 grooves have a fixed pattern su E o&&entric
circles or g’oso Sgé For this reason, it is difficult to8 B%ﬁF@" oove

pattern capable of effectively controlling the flow of a slurry. In .
accordance with the method for form ng perforations using perforating pins,
the 10 perforations have a fixed shape. Also, the perforations are forned
as the perforating pins are sinply noved in an X or Y-axis direction. For
this reason, the perforations have a sinple and fixed pattern. Thus, it is
difficult to obtain an effective hole pattern desired in a CVW 15 process.
In a polishing pad nachi ned to have grooves or perforations using _
mechani cal neans, debris forned during the machining process nay be left in

e T ooy s oy, Baskershions, MEh Al BBy GO MSCLALERGS O 320 sprface

bei ng polished rlng rocess. osur e of
Therefore, the 8 %ngnggﬁt$%ﬁ?|ﬂﬂ§ Sééﬁrhﬁ@%l¢¢1Qﬁwihe rgldskve the

probl ens invol ved wi tthen arieeelded 150r FBEn&Si NG ML ARleRNERRBEN HaMi ng a

cavity or a 25 f g .pr a QQves or erforations formed using
mechani cal nean h%%$h§ é)ééﬁﬁﬁynggn i O 5?880§p§9§sﬁeﬁﬁﬁﬁac%pﬁgﬁﬁrb_a£a5|Iy
formng mc?o- h@rtéﬁctgréovb%vmg per f elachdas hewi myadf f euiseesaptdidhakr se
patterns on a pahiapbl NgDE&Ato 7suchQ OBkl S 4PePel/ckBE L 04488ve a cross

section varying in the thickness direction of the
polishing pad. For this reason, the cross section of
each microcell exposed at the polishing surface of the

10 polishing pad is varied as the polishing pad is abraded
during a polishing process. In other words, circular or
oval microcells exposed at the polishing surface of the
polishing pad are gradually reduced in diameter as the
polishing process proceeds, and finally disappear.

15 Eventually, microcells existing below the surface of the
polishing pad without being exposed, are newly exposed at
the polishing surface of the polishing pad.

Thus, the cross section of each microcell exposed
at the polishing surface of the polishing pad is varied

20 as the polishing pad varies in thickness during the
polishing process. For this reason, there is a problem
in that the polishing rate is non-uniform.

In order to form perforations or grooves at the
polishing surface of the polishing pad, a mechanical

25 machining method has been used which uses a cutting or
milling process.

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

30 under the condition in which the polishing pad is



An object of the invention is to provide a nethod for form ng m cro-holes
haviing the sane function as mcrocells while having a controlled uniform
‘distribution and a controlled uniformsize, in order to elimnate the 5

di sadvant aggg, os/g¥ieieved with conventional methods using m g?ﬁﬁ*mﬁ s each
y

having a cavity or a foam ng process, that is, a non-unif #2t he size
and distribution of mcrocells resulting in a reduction or non-uniformty
in the polishing rate of a polishing process. 10 Another object of the
invention is to provide a nmethod for form ng grooves or perforations having
di verse shapes, sizes, and patterns to effectively control the flow of a
slurry during a polishing process, in order to elimnate the di sadvant ages
i nvol ved wi th conventional 15 nechanical nethods, that is, insufficient
control for the flow of the slurry due to a fixed shape or pattern of
grooves or perforations. In order to acconplish these objects, the present

i nvention pr OVI d%aaeapt bedotes L& r'ﬂ.fcﬂﬂmecpnorfjt Pl | $hdW gtgrﬂ% of thg b
red by

m cr o- hol es; oy.at.i on havi di verse pattern s desi
the user, in ac %ﬁg{ég\/\ﬁ% Itgl%ee °fiich n?‘?fbceﬁ“ﬁ% FRECLER, & cheamce

with an enbodi méﬁt %9 ¢ hébpr e§e‘-|§ft iFovehsi on, cudmr-@ecs ipnali dedwa Umctelihod f or

fabricating a 2a1ehgntgal ma@hgnl_cgl ool h| BY. Paf £ %:gl_]r eps of:
determ ni ng a pattern o rogves B dacfee(}g 6 be

S
formed on & pol i shle%ﬁmﬁéiary ﬁBﬁ‘PtPﬁ gfg%v%%t%?’?ﬁler?edvlsdd’(gt driye tc‘dltéeé’oﬁﬁﬁut er
nuneri cal contraéllpeNcrtednt rlol |IRs &bg dheviongotes ases VIR C’b@z adapt ed

to irradiate a kagebeRE@MhaREL# t D! € to /

PCT/ KRO / 01462 ondu((a:t a three-di rrenmﬁg%%g)vlene% %%g‘}r)gétg} Hgv\/ﬁlhfe
supporting the 38Iri“st? ngcoﬁ’éifntﬁﬁﬁerclicééﬁt £8l défsctlﬁée@]\ld;ncdhtsr olBagenbased
on the inputtedNpatbedd4,1é®reby irradiating the | aser beamfromthe | aser

Cabl e ﬁ”??céfﬁaﬁc2°bﬁi%%'rgﬁneaq° PRBE BEF &7 PERbRNaE AL G astdne
grooves, or perPorafed ﬂWesorhaW}iJng’l FYr&tner ﬁadérﬁés@mmp@:am BRe are
det er ni ned pat t aonnaee. f ormedeore ihe 9ald VY NorPachnri %Qe@r k8 mBgeChipPti ON

of & Typl oal | OVEPnisArAE SEABECRUNT ot P TS S i g Lon
machi ne; Fig. 2ipsmavedhipred |'Ji:'av<il@vvd|llrleg’si¢rat| Ag aheordme@twﬂt‘h aheae CVP
nmet hod,; 15 movements, grooves 85 extending in a first direction are
formed on the upper surface of the polishing pad 10,
After the formation of the grooves 85, the polishing pad
10 is rotated 90°. In this state, grooves extending in a
second direction orthogonal to the first direction are
20 formed as the polishing pad 10 is moved in the Y-axis
direction. Thus, grooves arranged in the form of a
lattice are formed on the polishing surface, as shown in
figs. 6b and 6c.
Referring to Fig. Ta, perforating pins are
25 illustrated which serve to form perforations at a
polishing pad. When a perforating operation is carried
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
30 polishing pad, as shown in Fig. 7b. An example of such



Fig. 3 is a photograph of mcrocells fornmed using mcroel enents each having
a cavity; Fig. 4 is a photograph of mcrocells fornmed using a foam ng
‘method; 20 Fig. 5a is schematic viewillustrating a conventional cutter for
formng gr &bg. Bb is a schematic viewillustrating al i shing pad
havi ng groggggﬁ?ggﬁgd in the formof concentric circles uEEHER%W%““
conventional cutter; 25 Fig. 5c is a cross-sectional view taken along the
line A- Aof Fig. 6b; Fig. 6a is a schematic view illustrating a process
for form ng grooves having a lattice pattern by a conventional horizontal
mlling machine nounted with 9 WO 031 011520 PCT/ KROL/ 01462 conventi ona
cutting saws and spacers; Fig. 6b is a schematic viewillustrating a
pol i shing pad having grooves formed in the formof a lattice by the
conventional horizontal mlling machine; 5 Fig. 6¢c is a sectional view
illustrating one of the lattice-shaped grooves fornmed by the conventi onal
hori zontal m || bageoetias 1 Gisllobsd PY WERLLUFLVIEW kI Astyaling
perforating pins ada%Led t%iforn1 erfqQrations on a B pol i shing & d; Fig.
7b is a plan view il Pd8FPatifify SPPRSELSR2E oReLBPHS ngWheh oraRi Gwedbyrot he
convention perf §pani agopves; ofippritratioassett hopaliyhewg i pdalstyatiing a
perforating padzhay e L O h convent.i.qna
ahaukR9ngeph8taks ORSn QL& gyi% 9 atReC A} milling, et em

perforating pins; Fig. i's a schenmatic vie | astrating d
used in th rracﬁ‘r’?ﬂ%s B2 V®d2 alt®edi RatEern iy edneongrrimiicorsiilgs 9a i s
a phot ogr aph showi aglatiei@s.osFosethi Onsdash,stituekURErof cil €195 -ahes

formed by a |asgpobde ai)%%rtggﬂc%a\ﬂatb'ieanofngggiegg:?\tre 31; tcg%t%g.le.ffrrl]é the

i nvention;
flow of a slurry. In accordance with the method for
forming perforations using perforating pins, the
10 perforations have a fixed shape. Also, the perforations

are formed as the perforating pins are simply moved in an

X or Y-axils direc?ion. For this reason, the perforations

have a simple and fixed pattern. Thus, it is difficult

to obtain an effective hole pattern desired in a CMP
15 process,

In a polishing pad machined to have grooves or
perforations using mechanical means, debris formed during
the machining process may be left in the grooves or

. perforations, Such debris may form scratches on a
20 surface being polished .during the CMP process.

Disclosure of the Invention
Therefore, the present invention has been made in
order to solve the problems involved with microcells
formed using microelements each having a cavity or a
25 foaming process and grooves or perforations formed using
mechanical means. The present invention proposes a
method capable of easily forming micro-holes, grooves or
perforations having effective and diverse patterns on a
polishing pad.



Fig. 9b is a photograph show ng the plan structure of the m cro-holes
formed by the |aser in accordance wth the enbodi nent of the present

“invention; 25 Fig. 10 is a schematic view illustrating a polishing pad
havi ng m cr gy formed by the laser in accordance with j,ment of
t he pr esentalio?\?)gﬁ?foon; Fig. 11 is a schematic viewill ustrgfllxﬁ‘g%cal%ﬁol i shing

pad having perforations fornmed by the laser in 30 accordance w th anot her
enbodi ment of the present 10 WO 031011520 5 10 15 20 25 invention; and
Fig. 12 is a schematic view polishing pad having grooves fornmed accordance
wi th anot her enbodi ment invention. PCT/KR01/01462 illustrating a by the

| aser in of the present Best Mdde for Carrying Qut the Invention Now, the
present invention wlll be described in detail in ternms of its constitution
and function, with reference to the annexed draw ngs. The present invention
utilizes a laser machining principle in the formati on of m cro-holes,

grooves or perforati opg @B4@8cPOLESELAY: RGNt e | ASES HP&{%% %lrﬁgﬁﬁ'@@ has

a feature of re ucinﬁthe areg of a |ayer subjected to a |
def ormation. Al $6F t heTPIRSEr MEERTAPHSS netiaddi sther reamfed fAChiABN-aont act
f ashi on, so thamichecelils wiihbriasiion af coheréDidd uHiE olras Gk s BRI 3t

method is also capah) %oaftreﬁsgassﬁyfmmigeegiﬂno%gkclcs gfym & ! ex
shape, elininating generation of nolse and Vibrations, and il n“i‘ aining a
cl ean wor kitg eﬂhsﬁgﬁﬁ@ﬁﬁge%éﬁval}’ﬁger‘”l[‘}@arﬁqrs"einrtr@eﬂﬁét dptheds tpring

pol i shing surfacdcebedepohtsheach pethingd aalyavpthyokner €asfsng herssedace
e atire of  SISePeh, S0l aaah el Skl S1% TSNS o
| aser beam is i M&ICEEEYsonedul g oln ghirrfiysddonAsrt henmandfomityf irhe
pol i shing pad !&hree?samghiﬁgtf@cealbqva pashspm@tptd@dsaser-irradi ated
region, maghining of g, n}¢ro-igh g, 910G 0" RELTA Al o 1S Complgted,
method for forming grooves or perforations having diverse
shapes, sizes, and patterns to effectively control the
flow of a slurry during a polishing process, in order to
eliminate the disadvantages involved with conventional
15 mechanical methods, that is, insufficient control for the
flow of the slurry due to a fixed shape or pattern of
grooves or perforations.
In order to accomplish these objects, the present
invention provides a method for forming, on a polishing
20 pad, micro—holes; grooves or perforations having diverse
patterns desired by the user, in accordance with a laser
machining principle.
In accordance with an embodiment of the present
invention, there is provided a method for fabricating a
25 chemical mechanical polishing pad comprising the steps
of: determining a pattern of micro-holes, grooves, or
perforated holes to be formed on a polishing pad;
inputting the determined pattern to a computer numerical
control (CNC) controller; and driving a laser device
30 adapted to irradiate a laser beam and a table adapted to



Referring to Fig. 8 a laser machining systemis 11 WO 03/011520

PCT/ KROL/ 01462 illustrated which is used to carry out a | aser machi ning
‘nmet hod according to the present invention. As shown in Fig. 8, the |aser
machi ning s cludes a | aser device 100 for irradiat| %@_ beam
a table 104 § g%nductlng a rotating novenent and a thkggxgp %@lonal
novenent , and a conputer nunerical control (CNC) controller 102 for
controlling the | aser device 100 and the table 104. A polishing pad 10 to
be polished is nounted on the table 104. 10 The operator can freely
determ ne the pattern of mcro-holes, grooves, or perforations to be forned
on a polishing pad; that is, the size, depth, and space of those

m cro- hol es; grooves, or perforations. The follow ng description will be
made only in 15 conjunction with the formati on of mcro-holes. O course,
the formation of grooves or perforations is carried out in a manner simlar

to that of m creochahes. aﬂt%xﬁﬁeaﬂﬁﬁsf&{hf%&&%mé%tdeéﬂ& egoéi%% of
Cu

m crohol es fron1d|ver uch as a cir shape ovh EEhape
a triangul ar shipP°h ﬁ“%,ﬁ% $Eﬁﬁ ngagqu&P8e§hép6°n¢¥%b of Heheof&¥Cat or
can freely detepﬁthOlh@rdlamaeér omi dthe oinﬁept@dofpahEeﬁﬂcrcmﬁggéﬁy The
incli nati on of ybeaggesdiolies uiskh EESROELCH i Al shing. e

the arrang the mt¢c 8 hol es can
r

0
operator. The pBPﬁé?%l%q Rf &uPBPé§e9eF§?d“ﬁ%dtﬁbl?h@héé@raﬁwﬂngshh@putted
to the CNC conttabler1m02£c6hdapaEtwnmhlnmutUHm@tm&m Rratachheved Ui a

scanni ng met hody; gr &A1 Y ans | | 102 30
recogni zes the ?ﬁgﬁtted atte ,Vgﬁd contrgFg%g%gggasg? ﬁ%f d910f1520

tern correspondlng to the determined pattern are
formed on the polishing pad. '

.10 Brief Description of the Drawings

Fig. 1 is a schematic view illustrating the
configuration of a typical CMP machine and a polishing
method performed using the CMP machine:;

Fig. 2 is a schematic view illustrating the concept

15 of a CMP method;

Fig. 3 is a photograph of microcells formed using
microelements each having a cavity;

Fig. 4 is a photograph of microcells formed using a
foaming method;

20 Fig. 5a is schematic view illustrating a
conventional cutter for forming grooves;.

Fig. . 5b 1is a schematic view illustrating a
polishing pad having grooves formed in the form of
concentric circles using the conventional cutter;

25 Fig. 5c¢ is a cross-sectional view taken along the
line A - A of Fig. 6b;

Fig. 6a is a schematic view illustrating a précess
for forming grooves having a lattice pattern by a
conventional horizontal milling machine mounted with



PCT/ KRO1/ 01462 device 100 and the table 104. As the | aser device 100 and
table 104 are driven under the control of the CNC controller 102, a | aser
‘beamis irradiated onto the polishing pad 10 nounted on the 5 table 104,

t her eby for%rwmgk@r o-hol es having a pattern correspondi ng ?@%*ﬁlgﬁ attern

inputted t controller 102. That is, the |aser de orms, on
the polishing pad 10, m cro-holes having a shape, size and 10 space
respectively corresponding to those inputted to the CNC controller 102,
under the control of the CNC controller 102. The shape of each mcro-hole
such as a circular shape, an oval shape, a triangular shape, or a
rectangul ar or square shape can be determ ned by 15 adjusting the shape of
a |l aser spot focused onto the polishing pad 10. Al so, the dianmeter or width
of each mcro-hole to be formed on the polishing pad 10 can be controlled
by adjusting the size of the laser spot. For exanple, when the size of the

| aser spot is a@&%gqlggago @ﬁtﬂ?}o wéSQ,r&?so £&J;0-holes having a

di aneter of 10 to 150 Entcan ere the size of the | aser
spot is adjusted to b&t9: to HoolSEma nPEREIRBI@s FibeH nglbles et ofa 1 to
100 ‘' Em can be fraltstinghepddengahing gasdves cEorhed e iandHefspacerbet ween
m cr o- hol es 25 ar d..adj e o the ravel direction of
the | aser beant?gﬁﬁgggobg £ﬁ§ Eﬁqée q?%ﬁg%n% {Téﬁk lﬁllng machine;

conti nuous/¥?nternittehtd; rﬁcadllsaﬁ @ﬁcﬁépt’l@@ vEen He Ua§élatb@an©nq'h@f dépt h of

each m cro-hol e leatike-adpped ed ghpoeest r dolrinag t gy pomes Obohbient Ase{1 beam
30 Meanwhil e, tm%&ﬁ%ghﬁa%oxﬁil?ﬁoamac% the polishing 13 W O 03/011520

PCT/ KROL/ 01462 i ST noun can "moved in three di nensional
di rections, that is, &gy, AAd Zsaxia dpﬁeemeczmsre whview r ofdlusigrattinng an R

axis. A desired patrbeaRigh Moidhal@mies fo5Meghhy tﬂ%‘%f'o%%@ﬁ.oﬁ?@an&n a

irradi ated? o] tﬁﬁ gﬁgolls Ing pad 10, in accordance with t
t hr eedi rren% onalPGrdvaneHt 823 the table 104 al ong the X Y, and Z axes and

the rotation of the tElde M4isindeploheviewnt LdlusfrdthiengCNC mosdasa | fyr 102
based on the Inmgﬂnqunbetfoﬁatforaatﬂﬁtﬂe I8y i age&eaﬁ%%ngg%aan 4

desired 10 angle with réspect to the polishing, sur
arrangenment of the micr- hol ®s Hay a| s&eFEiRF st BHehy ébh‘ﬁi'cﬂ"’l’qlﬁ’@ t Ife
nmovi ng and r ot atperfospédedg opatihehbabhe 1Pdrfdinisions crivdieldes avitig a

desired pajgern sgheatedndd éméf’@fialt‘i% ipatterns can be formed on the

polishing pad in accordance a co natlon of the control for the | aser
devi ce 100 and the cdht$ol 8f drS t ke SCABRAL194VigHe HfdMARERBANGT 2gr RRARSS or
perforations is sachieavessasi g tihe Sasehimingodnéshddiabcusedindg the the

formation of th%resent invention; .

Fig. 9a is a photograph showing the cross-sectional

20 structure of micro-holes formed by a laser in accordance
with an embodiment of the present invention;

Fig. 9b is a photograph showing the plan structure
of the micro-holes formed by the laser in accordance with
the embodiment of the present invention;

25 Fig. 10 is a schematic view illustrating a
polishing pad having micro-holes formed by the laser in
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

30 - accordance with another embodiment of the present

10



20. mcro-holes. Such mcro-holes, grooves, and perforations may be

sel ectively fornmed on the polishing pad 10. Alternatively, they nay be
‘formed in the formof a conbined pattern. In the latter case, the

m cro- hol e s, and perforations may be sequenti al
S|nultaneoﬁgpg&$§¥ﬁ%d Figs. 9a and 9b show phot ographs o%cﬁkgézgﬁ%les
formed in accordance with the present invention, respectively. As shown in
Figs. 9a and 9b, the micro-holes formed 30 in accordance with the present
i nvention have a uniform14 WO 03/011520 PCT/ KROLl/ 01462 di aneter and a
uni formdistribution while having a snooth surface. However, mcrocells of
Figs. 3 and 4 fornmed in accordance with a conventional nethod using

m croel ements each having a cavity, or a foanm ng process, have a non 5

uni formdistribution and a non-uniformsize. For this reason, the

m crocells, which are exposed as the polishing process proceeds, have

non-uni f or m cr osaveetidmwnsandlhe m cro-hol es of the present invention have
t he sane function as gihe cq&yentlonal m.cr o eIIs in that 10 they supply

abrasive particles whiPé. ¢él | ectingy dEHHT ééﬂ’dLﬁ%%ﬂftFﬁ$1§6I|§h|ng

process, and di E@hh?%ﬂan hé’aéollll@cﬂtrw deboiss V\/rf@mmlehe Iop| it nga@@d ii%

recondi ti oned. hoceggiiddn, wite mgsigdiol ee?nﬂgdlhlégltpr%%em HeV¢ fhave a
ingly, e nlcro oles of

unlforn1d|§§r|byﬁ%égkfnd a uniformsize. 15 Accor
t he present inven Ton Have consi derably superior effects over those of the

conventional mcrocells. In accordance with the present i nvention, the

di stribution, densityes@ndogdz f Leely deternlned i f

desired. 20 The oblique r onfoaf Cﬂr%’rlﬂ\gebﬁ ortnltg'g5 of the phot ograph
shown in Fig. 3 reprgggnts pBF?%?%ﬁléHVPBFH%% Uﬁ & P i dhpayiped dsing a
conventional pedétakltihy penmsAsfshmen donsftigutBont RadpenitabhonJag a

rough surface cagisd ich 4Ly %hEO ﬁgﬁé&ld%LWEE§825 perforation. Such debris

may forn1§§ratches on a surface elng poli during the CWP process.
However ch a probffBfh RFESenst Vet iagnt Hhidd zesr far desen maciiodug
formed in accorpairesiplid hitheher es@nfatidnends onibesanSEed hegPEEF& apion or
groove has a s fage irtue 30 of a Iase ma h|n|n prqocess. In
accor dance mntnEE%ﬁbéﬁ#lo d§%3¥ % the™1aser hachining
method has a feature of redu01ng the area of a layer '

subjected to a thermal deformation. Also, the laser
15 machining method is performed in a non-contact fashion,
so that there is no abrasion of the tool. The laser

machining method is also capable of precisely machining
an article having a complex shape, eliminating generation
of noise and vibrations, and maintaining a clean working

20_ environment. When a laser beam is irradiated onto the
polishing surface of a polishing pad, it abruptly
increases the surface temperature of the polishing pad.
As a result, the material of the polishing pad is melted
and evaporated at the surface region where the laser beam

25 is irradiated onto the polishing pad. As the material of
the polishing pad is removed in the above fashion at the
laser-irradiated region, machining of a micro-hole,
groove or perforation is completed.

Referring to Fig. 8, a laser machining system is

11



PCT/ KROL/ 01462 present invention, perforations or grooves having diverse
patterns may be freely forned, if desired. Figs. 10, 11, and 12 are

"schematic views respectively illustrating enbodi nents of micro-holes, 5
perforatio n rooves formed in accordance with the PLES ention.
Fig. 10 i sn\goé@ﬂgﬁ&l c viewillustrating a polishing pad ic;)n lgﬁg&&‘%

m cro-holes forned in accordance with the present invention are arranged.
The polishing 10 pad shown in Fig. 10 has m cro-hol es having different
densities at different radial regions. In each radial region, the

m cro-hol es have a uniformdensity and a uniformsize. Fig. 11 is a
schematic view illustrating a 15 polishing pad on which perforations forned
in accordance with the present invention are arranged. Fig. Z2 is a
schematic viewillustrating a polishing pad on which grooves forned in

accordance with the present invention are arranged. In the case illustrated
in Fig. 11 or 131189t£9@eman% RIREeED b§r§9nPHEt§dl€¥elm)ﬁ(é i i}, tabl e
in X and Y-axis g} &t ons erotatlng ough only afixed
pattern of groo¥&5"8 ﬁSF?B‘?h‘B‘i’ oh® FRe{BFRRPE nintri®Rnce AR thoMRe in

conventi onal ne€hgni ¢l rhehi baser nebbbinims slevemi mrlﬁl@de&b abllayer’b,
unfi xed, 25 divepsgcaiber 85: of - alAaRal 85 1a9E0OUES, 0o PELIAL ad o, Can be

freely f or ned u5|n8 contro aser rn accor darice h Yhe
present i nventi GRRAPALERE 0PdAIRTE BinEh I‘EQY@mﬁPéséfﬂd |¢1V§HFP9n¢llﬂ¢re31mﬂ§lsh| ng
pad can have ni apboehehes, . apdr f or até@imitedr Iun@roewes hHurgidi V@‘miﬁ

patterns, wt hOHB P?bfﬂeJll': i’bée%@ %r@trol 3|t Jelﬁ_ZaOSteEC'I;{eI%@%%/ q#%GZ {

patterns i1lustrated 1n ol shi pél1 nay
have a pattern ®RBcH-abdea %Q)‘hbl nht iPoA 16hing cPadhdile, t?)ebfﬂormtllléhedndsgr oove
patterns. For ewagpted éhechdldaphiengopad nmay have a 5 conbi ned pattern of

m cr o- hol and perf atlons m_cr ohol es d oves forations a

gr ooves, glfo ni cr ohol gg © PRI o aﬁﬁegjﬁf)ogg errf‘h%s%?alpa&ﬁﬁwc ility
As apparent fromiche- hbbe® deserveri o, pdrfqrasdens 10 beveivrited pnow des a

met hod capabl e gb1eagihy baam Rl GID- N LS 1 B 00MESrh OF aRET 'sPhREI YIS
havi ng di verse gtterns a'|laser. In accordance with the present

i nvention, mecr HBFeIEl%‘?\; TRRYLES ruSEPEYRS di X% MFTOEEH18RE- a uni form si ze are
formed on a polishi ng‘hmdfbylawim;eld;esa:BJ.ptreasrebyJitIam]mzmmgiet henpwl! iishi ng

efficiency; pf tREHPOLEEIONY AT 3heCO¥BRRELiD GRIVEAUANAL,1BY! | Shiglg pads

havi ng non-uniform m crocel I's. The present nvention al sSo provides effects
of an enhancenefiPUFiemacHi%i r#(j’rE‘PFiLEPerPcfy gRA°%CF edfct PEXEPAR2FEPRE acltSur i ng
costs. In 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
20 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
25 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

30 recognizes the inputted pattern, and controls the laser

12



20 accordance with the present invention, perforations and grooves having
preci se and di verse patterns can be formed. Accordingly, it is possible to
effectively control the flow of a slurry on the polishing pad In

accordance w,t present invention, desired 25 pattern hol es,
perforation ,ogﬂgggrooves havi ng dlverse shape, si zes, %CQ ng&aand a

conbi nation thereof can be precisely and efficiently forned on a polishing
pad by a laser in a short time, based on a given polishing condition.
Accordingly, it is possible 17 WO 03/ 011520 PCT/ KROL/ 01462 to achieve an
enhancenment in manufacturing efficiency and a reduction in manufacturing
costs. Although the preferred enbodi nents of the invention have been

di scl-osed for illustrative purposes in 5 conjunction with a nethod for
fabricating a polishing pad forned with mcro-holes, perforations, or
grooves by use of a laser machining process, those skilled in the art wll

appreciate thatd¥§§b9u§06nggglgﬁg:hgg§e aglgli tions and substitutions are
possi bl e, without depa romthe 10 s e and spirit aof the |nvent|on
as disclosed in the H%% ;?% Hﬁyﬁ&? i@& G@%gfl§9§(ﬁﬁﬁr39

PCT/ KRA / 01462 jhndé\rmehaocbritrolf alir thet CNg cortherlilead 1@E¢hanigsér godanshi ng
pad conpri sing EE ﬁlr‘éeia%d @%Sr%@' E’%F?Zﬁ? gadof oM tRel &% G{poves,

or 5 perforated hol es f ormed |nputt|ng t he
deternlnedfbatt§ﬁ Folg coﬁﬁﬁ?@Py forming micro- holes having a pattern

corresponding to the pattern inputted to the CNC
controller 102.
That is, the laser device 100 forms, on the
polishing pad 10, micro-holes having)a shape, size and
10 space respectively corresponding to those inputted to the
CNC controller 102, under the control of the CNC
controller 102. The shape of each micro-hole such as a
circular shape, an oval shape, a triangular shape, or a
rectangular or square shape can be determined by
15 adjusting the shape of a laser spot 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
20 be 10 to 150 Em, micro-holes having a diameter of 10 to
150 Em can be formed. Also, where the size of the laser
spot 1s adjusted to be 1 to 100 Em, micro-holes having a
diameter of 1 to 100 Em can be formed. The length of
each micro-hole and the space between micro-holes
25 arranged adjacent to each other in 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.
30 Meanwhile, the table 104, on which the polishing

13



nunerical control (CNC) controller; and driving a | aser. device adapted to
irradiate a | aser beam and a table adapted to conduct a three-di nensional
"10 novenent and rotation while supporting the polishing pad, under a
control of controller based on the inputted patte >
irradiatind&pﬁggpg%er beam from the | aser device onto theﬁgthaﬁlng pad
supported by the table while noving the table in accordance with the 15
inputted pattern, so that mcro-holes, grooves, or perforated hol es having
a pattern corresponding to the determ ned pattern are fornmed on the
polishing pad. 2. The nethod according to claim1, wherein a | aser beam
spot is adjusted in size to adjust the dianmeter or 20 wdth of the

m cro- hol es, grooves or perforations being forned on the polishing pad. 3.
The met hod according to claim1, wherein continuous and intermttent
irradiation periods of the | aser beamare controlled to adjust the length

Oflthﬁ 25 m gro 58!{ & QEOQ%%&[teQr %E]lf %@tm%éd b%hngcﬁx%rerm@uﬁéhstl%%al
pol i shing pad a he, space bet ween e nlcr [ ooves, or

perforations ar éﬁ et %ﬁ?acE%?ttbSEa h bt hap 1§"axik3%kﬁ 05§, while
PCT/KR91101462 rqtatim@vebodtrentmomxab thé.kkﬁameueam¢térnTbé meiidrod
according to cl Hbmfé 1‘é’f‘efc?£n{éoi r&‘;‘ly ! @ﬁé’r 1Ream b%aﬁO'ltrr Qi §led NoROYLLHEO

adj ust the depth the mcrq-h %aooves per oratlons el.ng forned

on 5 the polishPRYIBAYRIS. Pafle r:|19t' ho& c GGEERG nFS cM&th 1 thehert@iT®erne .

table is noved dmmansﬂbnahdmakemamtahdﬂcth@nsabbeanQMShlangaﬂgéexdeﬂined by

the m cro-hol es r go or nP&ien or. 0 LI §higng pad
g g ‘égﬁ%l Sﬁc{nﬁ:ioetrﬂe Péfa%'lﬁ Sl Q %%qe '10é ‘ﬁé@% e

with 10 respect °p g surface of the &@vls
. A9. AY. AY. A AF{ canpray afaAtha  A¥CAgRnFo e sl Gyibased qr\l the inputted
cJej MO5BQ ! " " zupido¥Sb] € abh ead o) Caiﬂecahﬂcﬁﬁi%h@auhﬁgulrﬁ&]eca calsaakaal] cau

ca] ca] ca callcalc alc cRa ca
] D(} (L]( V(e ]]gtfilrv#%lJll il]e %%18 l> %% %]Zwﬁ)} %%%4?8%%% vvqkf ar'fRFU]c}eca%]tga] calc
aU]caU]ca]ca]caFGdUP@&P@Q@?@@TcQTc&P@aPé@?QzﬂQkﬁq(mﬂﬂ(ﬁﬂ&ﬁﬂhﬁﬂaﬁﬂuﬂipéa]ca]c
aU]ca]caU]ca]cab a controlling the moving and rotating speeds of the
??????7@AL@ E/ E Zg Kl Ko yKKLLQQQQ'f%WVWWWquIgb] ]Lﬂca]ca]ca]ca]ca]c
aU]caU]ca]ca]ca 8 a]caU]ca]ca]ca]ca]caU]caU]ca]ca]ca]caU]ca]ca]ca]ca]
Ca]ca]ca]ca VWETJALAﬁﬁgmndgdd@gebhhgs having a desired pattern selected

J<iiiiill11d =ppgEeHr aivbhj‘{gé dogdild 2l Gal tRl dakmakical] £/d cpdl £aliar] ¢l caUl ¢
SlffLS?Lfglﬁngghgggﬁg %angangngcanglnat ontgfagca]co trgﬂ f%r the

U c
a) cal cal cal cal cabeabeabs " e adoiabke di- Podaaihnal heal aalieakancisdeg n ! 10
- the same method as that used in the formation of the

20, micro-holes. Such micro-holes, grooves, and perforations
may be selectively formed on the polishing pad 10.
Alternatively, they may be formed in the form of a
combined pattern. In the latter case, the micro-holes,
grooves, and perforations may be sequentially or

25 simultaneously formed,. '

Figs. 9a and 9b show photographs of micro-holes
formed in accordance with the present invention,
respectively.

As shown in Figs. 9a and 9b, the micro-holes formed

30 in accordance with the present invention have a uniform
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diameter and a uniform distribution while having a smooth
surface. However, 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-
5 uniform distribution and a non-uniform size. For this
reason, 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

10 they supply abrasive particles while. collecting debris
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.

15 Accordingly, the micro-holes of the present invention
have considerably superior effects over those of the
conventional microcells. 1In accordance with the present
inventlion, the distribution, density, and size of micro-
holes can be freely determined, if desired.

20 The oblique region at the lower right portion of
the photograph shown in Fig. 3 represents a perforation
formed on a polishing pad wusing a conventional
perforating pin. As shown in Fig. 3, the perforation has
a rough surface causing debris to remain in the

25 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 because
the perforation or groove has a smooth surface by virtue

30 of a laser machining process. In accordance with the

15
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present invention, perforations or grooves having diverse
patterns may be freely formed, if desired.

Figs. 10, 11, and 12 are schematic views
respectively illustrating embodiments of micro-holes,
5 perforations, and grooves formed in accordance with the

present invention.

Fig. 10 1is a schematic view illustrating a
polishing pad on which micro-holes formed in accordance
with the present invention are arranged. The polishing

10 pad shown in Fig. 10 has micro-holes having different
densities at different radial regions. In each radial
region, the micro-holes have a uniform density and a
uniform size.

Fig. 11 is a schematic view illustrating a

15 polishing pad on which perforations formed in accordance
with the present invention are arranged. Fig. 12 is a
schematic view illustrating a polishing pad on which
grooves formed in accordance with the present invention
are arranged. In the case 1llustrated in Fig. 11 or 12,

20 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 oxr perforations
is formed in accordance with the conventional mechanical
machining method, as shown in Fig. 5b, 6b or 7b, unfixed,

25 diverse patterns of micro-holes, grooves or perforations
can be freely formed using a CNC controller and a laser
in accordance with the present invention.

In accordance with the present invention, the
polishing pad can have micro-holes, perforations, or

30 grooves having diverse patterns, without being limited to
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109& () -; 4<<==7¢RBMXerns illustrated in Figs. 10, 11, and 12. Also,
the polishing pad may have a pattern which 1is a
combination of micro-hole, ©perforation and groove
patterns. For example, the polishing pad may have a
5 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
10 invention provides a method capable of easily forming
micro-holes, grooves, or perforations having diverse
patterns by a laser. 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,
15 thereby maximizing the 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 reduction in manufacturing costs. In
20 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.
In accordance with the present invention, desired
25 patterns of micro-holes, perforations, and grooves having
diverse shape, sizes, and depths, and a combination
thereof can be precisely and efficlently formed on a
polishing pad by a laser in a short time, based on a
given polishing condition. Accordingly, it is possible
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to achieve an enhancement in manufacturing efficiency and

a reduction in manufacturing costs.
Although the preferred embodiments of the invention
have been disclosed for illustrative purposes in
5 conjunction with a method for fabricating a polishing pad
formed with micro-holes, perforations, or grooves by use
of a laser machining process, those skilled in the art
will appreciate that various modifications, additions and
substitutions are possible, without departing from the
10 scope and spirit of the invention as disclosed in the

accompanying claims.
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1. A method for fabricating a chemical mechanical

polishing pad comprising the steps of:
determining a pattern of micro-holes, grooves, or
5 perforated holes to be formed on a polishing pad;
inputting the determined pattern to a computer
numerical control (CNC) controller; and
driving a laser.device adapted to irradiate a laser
beam and a table adapted to conduct a three-dimensional
10 movement and rotation while supporting the polishing pad,
under a control of the CNC controller based on the
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
15 inputted pattern, so that micro-holes, grooves, or
perforated holes having a pattern corresponding to the
determined pattern are formed on the polishing pad.

2. The method according to claim 1, wherein a laser

beam spot is adjusted in size to adjust the diameter or

20 width of the micro-holes, grooves or perforations being
formed on 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

25 micro-holes, grooves, or perforations being formed on the
polishing pad and the space between the micro-holes,
grooves, or perforations arranged adjacent to each other
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4. The method according to claim 1, wherein the
laser beam is controlled in power to adjust the depth of
the micro-holes, grooves, or perforations being formed on

5 the polishing pad.

5. The method according to claim 1, wherein the
. table is moved in X, Y, and Z-axls directions to adjust
an angle defined by the micro-holes, grooves, or
perforations being formed on the polishing pad with
10 respect to a polishing surface of the polishing pad.
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