WO 03/ 011522 PCT/ KR02/ 01469 METHOD FOR FABRI CATI NG POLI SHI NG PAD USI NG
LASER BEAM AND MASK Technical Field The present invention relates to a

pol i shi ngwea/o1F2used in a chem cal nechani cal polishing poooesr/iesad nore
particularly to a nethod for form ng mcro-holes, perforations, and/or
grooves on a polishing pad, using a |aser beam and a nmask. Background Art
10 General ly,. chem cal nechanical polishing (CW) is a high
precision/mrrored surface polishing method used to obtain global

pl anari zation in a sem conductor device manufacturing process. In
accordance with such CWP, a slurry is supplied between a polishing pad and
a wafer 15 to be polished, so as to chemcally etch the surface of the

waf er. Using the polishing pad, the etched surface of the wafer is

mechani cally polished. Referring to Fig. 1, a typical; CWP machine, which
is denoted by the r¥EEi@phc&ORUNABRICATING s€Redatild&l | BAD 20SINGusiASERd.

Al so, a CWVP ngtRedaNsi i8skhe CMP machine 1 is schematically illustrated in
Fig. 2. The CW nethod includes a chemi cal etching reaction process and a
nmechani cal polishing process, which are conducted using a polishing pad 10
i ncluded in the CMPreaehi gl Iridhe 25 chem cal etching reaction is carried

out by a slurry 42.__That is, . the slurr ves to che b react with
the surface of a wafef §5GF8hSeﬁﬂﬁ?%§ﬁ§% Fﬁg?é%§ ki hgPOi ﬁs 6é§|6T f or
t he nechani catspdl ilshi ag pheness] meadHaviiard t beldbéiingal pedvchsang reeatt i on,

Bg/gilggiiL¥nﬁ§£§ }%%ﬁggﬁﬂgrl§”t&bea”ﬁ%ﬁ?ﬁkﬁa%oPo%b§RhH% HQS&8SSoltdle 1 WO

perforations, and/or grooves on a polishing pad, using a

laser beam and a mask.

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

of the wafer i1s 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,
following the chemical etching reaction, to be easily

30 carried out. In the mechanical polishing process, the
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polishing pad 10, which is fixedly nounted on a platen 20, rotates. The
wafer 30, which is firmy held by a retainer ring 32, rotates while

oscil | atiwg.o3Miskurry of abrasive particles is supplied treTiIRR2pPOI®ShI Ng
pad 10 5 by a slurry supply neans 40. The supplied slurry is introduced
bet ween the polishing pad 10 and the wafer 30. The introduced abrasive
particles conme into frictional contact with the wafer 30 by virtue of a
relative rotating speed difference between the polishing 10 pad 10 and the
waf er 30, so that they conduct nechanical polishing. The slurry 42 is a
colloidal liquid containing abrasive particles having a grain size of
nanoneters. This slurry 42 is spread on the polishing pad 10 during the
pol i shing process. As the polishing 15 pad 10 rotates during the polishing
process, the slurry 42 supplied to the polishing pad 10 is outwardly

di scharged frpelibdeiper pphlerdd of whiheh pdbi ghixeg yadndintetleonoaa mleattan f ugal

force caused by, t hehekat i onrpf %Q?erp®dﬁHWH¥bma§s1%&ﬂd1j”ﬁ%idtBya%h'eve
an enhanced 20 polishing efficiency, a considerable amount of _abrasive
particles shoﬁ?ga%%ﬁﬁiﬁlF6r3%rdé%??%%?ewbé%%t%§cb%%?%ﬁmgof R iS5 1He
upper . sur f aceapfat hee pelairghicngspaics 10uspliédatot igye paslishpad epka tive
polishing of the maffr. That _i.s tge ouishin?hgad 10 .shoul d. make t.he
slurry 42 25 BE el g BﬁWhésué)lﬁ)r]Tyacrg Th re(9f' fo s 96 laecgeFilBﬁrgf *Sinme
as possi bl e. intpodecedo brdkeeanhetls¢ upoy ilbbihgl doah flhe arpdl Ebhi ngafEad f or
a long periodsgl -Uifge there dmede disedsa.dretbod: pbiLor mBgespharical

m crocells having a size of mcroneters ?p r_a method of form ng
perforations BFigEsenes fontctsurisbe iet Wafssl i dRi iy padtusuchf a

mcrocells, pgefgratbonstandngraopees agkrrb@ende between the polishing

10 pad 10 and the wafer 30, so that they conduct mechanical

polishing. The slurry 42 is a colloidal liquid

containing abrasive particles having a grain size of

nanometers. This slurry 42 is spread on the polighing

pad 10 during the polishing process. As the polishing

15 pad 10 rotates during the polishing process, the slurry

42 supplied to the polishing pad 10 1is outwardly

discharged from the periphery of the polishing pad 10

due to a centrifugal force caused by the rotation of the

polishing pad 10. In order to achieve an enhanced

20 polishing efficiency, a considerable amount of abrasive

particles should remain for a desirable lengthy period

of time on the upper surface of the polishing pad 10 so

that they participate in the polishing of the wafer.

That is, 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 (um) 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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WO 03/ 011522 PCT/ KRO2/ 01469 control the flow and distribution of the
slurry continuously supplied during the polishing process. Conventionally,
t he f or mawioas/oofs2ei crocells at the polishing pad i s achi eadkRrRiong9a
physical nethod or a 5 chemical nethod. As the physical nethod, there is a
met hod in which holl ow mcroel enents each having a cavity are incorporated
in a polyneric matrix to form mcrocells. As the chemcal nethod, there is
a foamng method in which bubbles are chemcally formed to form 10

m crocells. The incorporation of mcroelenents in a polyneric matrix is
achieved by inpregnating a | arge anount of mcroel enents each having a
cavity into a polyneric matrix in such a fashion that the m croel enents
are 15 uniformy distributed in the polynmeric matrix, thereby formng

m crocells. The polyneric matrix is prepared by mxing a curing agent with
a resin such esnurethafde poblgestend fldistimidtued dydrotar bba, @luxrny xture

thereof. For the:c M GH08) MBRLS11EH08GRNLESG 8L Lpo BUPRI ng 2 rM@é@é sol ubl e
gum resin, or one or nore m xtures thereof nay be main used. Such

m croel enents are (I eNgr ey nytha Eﬁﬁmatb%%tPﬁ mﬁéF?ﬁPﬁ}F BT 1S done,

pol yet hyl ene gbyceohingpobydr ethasien Dsved cosbhpatd ghhydhefleohetitig€hor a
nts _have a he m croel enents

re uni 1ot m yCRRSEFRDurE N Ber fe. BOT yRESRd Tgt TS C P b cORRnCEo WA - a
hi gh shear mnathgdprnneswthM)tmm¢l¢Mean@mwﬁlﬂmémﬂsn gaar odelvisng a
ST I8, G e R LB e 00k DR e gy
manner is subBkgueaelys. cubsi fhe pihesdsadactehnd ngtlhetiesifed tifiadkimess to
obtain a poligbingapad *Ri€RAChHLGHI R 6Ll bBhem@eghly formed to form
10 microcells. R
The incorporation of microelements in a polymeric
matrix 1s achieved by impregnating a large amount of
microelements each having a cavity into a polymeric
matrix in such a fashion that the microelements are
15 uniformly distributed in the polymeric matrix, thereby
forming microcells. The polymeric matrix is prepared by
mixing a curing agent with a resin such as urethane,
polyester, fluorinated hydrocarbon, or a mixture
thereof. For the microelements, inorganic salt, sugar,
20 water soluble gum, resin, or one or more mixtures
thereof may be mainly used. Such microelements are made
of polyvinylalcohol, pectin, polyvinyl pyrrolidone,
polyethylene glycol, polyurethane or a combination
thereof. Such microelements have an average diameter of
25 about 80 um. The microelements are'uniformly distributed
over the polymeric matrix 1in 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 piece, microcells
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3 WO 03/011522 PCT/ KR02/ 01469 randomy distributed in the pad are opened
at the cut surfaces of the cut piece, so that they are exposed in the
form of awoimmuisaz or oval cross section at the cut surf @caKRrR/0145@ cut

pi ece. The size and position of the 5 mcro-cell cross sections exposed at
the polishing surface of each polishing pad are random Such random size
and position of the exposed mcrocell cross sections serves to degrade a
desired uniformty anmong polishing pads. 10 In accordance with the

chem cal method in which cells are fornmed using a foam ng process, a
polynmeric matrix is formed by mxing a curing agent with a |iquid- phase
pol yur et hane form ng substance. Water or liquefied gas, which has a | ow
boiling point and directly takes 15 part in a chem cal reaction to generate
gas, is also used as a foanm ng agent, thereby producing bubbles to form
cells in the pahdamiyc disttiriloutEee bt odbet imad ofrebwpsines! i at atheevatt by

way of a nucl ggtkQResabged oy @utthécéhe%% Wh%hﬁgtﬁ@ﬁrékbo%xp%s%Hffqptant
whi ch serves 20 to achieve a reduction In surface tension, is also used to

adj ust the si2BCof OfficPdcdl 1F- T Thetey* a2t bvFhgSa 58€§FP€daﬁmqﬂ%rﬁ%S'of

m cro-cells. Ehgfaéelssoa tpBotagr @nbc@howng Ficeoceld pdardies usi nhd he

f oam ng sprocess. ﬁ%;g cells are in accordan%F w.th th g}foanlng
t

process, howeV&r T °t afgoﬁFobFS loﬁsthgfpfﬁgd C A% ﬁ% ﬁﬁ?t() be
applied to a €wPfpad, ofhatacht hpsbiskihg pawle aranonandohor mSdict rnabuiqrron

and t hat the%? zLS Q%dneéngg abl & of ¢ g é%ngeghen&%Q%d@Ti cross

di stribution the cell e m croce using mcroel enents
each havi ng &€h¥Pp§ cﬁeré’efsanrPngje&@(%saheﬂﬁESde%:bhém grmity among

polishing pads.

10 In accordance with the chemical method in which
cells are formed using a foaming process, a polymeric
matrix is formed by mixing a curing agent with a liquid-
phase polyurethane forming substance. Water or liquefied
gas, which has a low boiling point and directly takes

15 part in a chemical reaction to generate gas, 1is also
used as a foaming agent, thereby producing bubbles to
form cells in the polymeric matrix. The production of
bubbles is achieved by way of a nucleation caused by a
high shear mixing operation. A surfactant, which serves

20 to achieve a reduction in surface tension, is also used
to adjust the size of microcells, thereby achieving a
desired wuniformity 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 wusing microelements each
having a cavity or a foaming process have a spherical

structure having a circular or oval cross-sectional
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structure having a circular or oval cross-sectional 4 WD 03/011522
PCT/ KRO2/ 01469 shape. Due to such a shape, the mcrocells have a cross

section waredgsz®en the thickness direction of the ol i she exdn14 i
reason, the cross section of each mcrocell exposeg at tﬁgqﬁglishfﬁg this
surface of the 5 polishing pad is varied as the polishing pad is abraded
during a polishing process. In other words, circular or oval mcrocells
exposed at. the polishing surface of the polishing pad are gradually
reduced in dianeter as the polishing process proceeds, and finally

di sappear. 10 Eventually, mcrocells existing below the surface of the
polishing pad wi thout. being exposed, should be newy exposed at the
pol i shing surface of the polishing pad. Thus, the cross section of each

m crocel | exposed at the polishing surface of the polishing pad is varied

15 as the poldishing pad vas i sci Nat bhgkaessnduni 8gotbel pohashi
For this reasoﬁﬁsthere Is a %?%bl%n1 |%Qt the ggllsh? Iagcmbesess

t
non-uni form SeFbrefer Y%FYb@%1pe?foFa?loEElSFn§?80v8§ ggggﬁra pollsﬁlng
surface of the, polhshyngapad, Porechani calas@( nabhi ming stesdodl dras HBeen

used which uses a cuttin mII| Ppr K
cutter 7o1wne?%ﬁnwh5r°5g83v§?905 4Hust?§§ g)lﬁ%%g ?l%¥%€?§%goggﬁhea
machi neds usipglisleicyt ped 76 meuritsd aso Ehe dobl Hskinh Eaﬂaﬂﬁeaﬁﬁaﬁﬁ@er t he

condition in which the LRo r ot a
upper SurfaCé¥2¥lg%eQ B?h%ﬁ g Q@geb§ @Bogﬁggfggggggzt?F%c&????@ron t he

shown in Fi g.o®al mngr05@1ﬂ§ &X@P§§§ §§cﬁ#8ha?o%?%ﬁ}n?aﬁ@ﬁfﬁ?%nﬁfthe% ine A
- Aof Fig %ol&ﬁfﬁélﬁgdt%&p &rgsua bby anddhesdan rexéighatgr f esmtafe

grooves forned
polishing process proceeds, and finally disappear.
10  Eventually, microcells existing below the surface of the
polishing pad without. being exposed, should be 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

15 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 pollshlng pad, a mechanical

20 machining method has been used which uses a cuttlng or
milling process.

Referring to Fig. 5a, 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 1is
rotated, grooves are formed on the upper surface of the
polishing pad in the form of concentric circles, as
shown in Fig. OSb. Fig. 5c is a cross-sectional view
taken along the line A - A of Fig. S5b. 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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using the cutter is illustrated. In Fig. 5c, the grooves are denoted by
the reference nuneral 75. An exanple of S WO 03/011522 PCT/ KR02/ 01469
grooves haoimgitske form of concentric circles is discl os@dTiKROOSI69Pat ent
No. 5,984,769. Referring to Fig. 6a, a horizontal mlling machine 81 is
shown, on which cutting saws 82 and spacers 83 are 5 nounted. The cutting
saws 82 are conFIG d to nove in an X-axis direction. A polishing pad 10 to
be machined is noved in a Y-axis direction. In accordance with these
novenents, grooves 85 extending in a first direction are formed on the
upper surface of the polishing pad 10. 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
formed as the polishing pad 10 is noved in the Y-axis direction. Thus,
grooves arrangedovast hdavang ofthe 15f¢xmt i eé acententredcon dilvelss i shd ng

surface, as shown1bBedfigSy. 8b pRM-fE. nBefsrbpng7E9 Fig. 7a, perforating
pins are illustrated which serve to formperforations at. a polishing pad.

Wien a perforating Bpetatitth 1 Eb9ri 8- 28 SoriFentg Lt me e s g i ns
under the condit ignshBwnyhioghwhiehpehitshingg spad 82 e dPddted sY-8KiSre

di recti op, perf0£ation§ are grned on tgg polishigﬁ s%rface of the
polishing pad CHECEHownT PR BIES1TD. SAKSeR&nPrE SPPEICNY & FE iBhs?T s

di scl osed i n K-8xiPatemechdon5, 883 3l Ashi2hcSipre thetoobeemtaiaimaledretdods,
which are useglolgq fiorm 0vo0xes Qi REALALALI 0P 8LcBrAGhLENLAG PG 1126
a cutting process conducted by a lathe or mlTing, pﬁe grooves have a

fi xed patternneieheasscoaEeAVEPcBei pEteading an & thidst Forradfiion eason, it

is difficult ¥grheamasn the upper surface of the polishing pad 10.
‘ 10 After the formation of the 'grooves 85, the polishing pad

10 is rotated 90°. 1In this 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 1in the form of a

15 lattice are formed on the polishing surfacé, as shown in
figs. 6b and 6c.

Referring to Fig. 1a, 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



30 groove pattern capable of effectively controlling the flow of a slurry.
In accordance with the nethod for formng perforations using perforating
pi ns, thewo@3w0se8/ 011522 PCT/ KR02/ 01469 perforations hareTarmoesdIshape.
Al so, the perforations are fornmed 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 5is difficult to obtain an effective
hol e pattern desired in a CMP process. In a polishing pad nmachi ned to have
grooves or perforations using mechani cal means, debris fornmed during the
machi ni ng process may be left in the grooves 10 or perforations. Such
debris may form scratches on a surface being polished during the CW
process. Meanwhile, U S. Patent Nos. 5,900,164 and 5,578,362 disclose

met hods for formng grooves by irradiating a |aser beam respectively. In
accor dance wi phArfheseiossmbeneds, fdeadisdsinge migked,s Wsedoant wtdtiarat e
vapor trails,tromageymattpg 9@r§o?9kh§6'%&dE“%rébEQMBEKImb@%%e feet hods

are conpl ex because the mask shoul d be  bonded to the polis .
Furthernmore, BRer& i &%a YrdHiSemdiF adtdtCpads FGE althoi ngr@cafﬁ?nadhééfi‘%n of
the 20 adhesi gerfmasktibasehaveanrnodinisl disedd Alsed blaet@dhlem veusef tie

mask may . be | eft o the due . to_heat d chinin oper t|on
of the | Gser beafieseHOaRs 5P CPERGPAR o TG Fid o e Mottty
necessary to iaddi CMBnpkbyease a process for renoving the left 25 adheS|ve.

Air bubbl es may be r med h d of .t he
adhesi ve mask when { & %ﬁg£¥€gﬁ%agﬁmfggg??ggﬁgdg%g %%%I a¥g%ﬁé%h|§;case
when the Ias@?rﬁééﬁiﬂ§nﬁrr§§ﬂéﬁedWﬁﬁhﬁ&#ﬁ?%ﬂrmﬁﬁbﬁiesﬁe rigs formed

during the machining process may be left in the grooves

10 or perforatidns. Such debris may form scratches on a
surface being polished during the CMP process.

Meanwhile, U.S. Patent Nos. 5,900,164 and 5,578,362

disclose methods for forming grooves by irradiating a

laser beam, respectively. In accordance with these
15 methods, an adhesive mask is used to eliminate vapor
trails from accumulating on a polishing pad. However,

these methods are complex because the mask should be
bonded to the polishing pad. Furthermore, there is a
problem in that pads not allowing the adhesion of the
20  adhesive mask thereto cannot be used. Also, the adhesive
of the mask may be left on the pad due to heat caused by
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 1is
impossible to form grooves -having a size equal to a

30 designed groove size.

Disclosure of the Invention
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i npossi ble to form grooves having a size equal to a 30 designed groove
size. Disclosure of the Invention 7 WO 03/011522 PCT/KR02/ 01469

Ther ef or ewotlamiseesent i nventi on has been nmade in order t®CIEHRR/OU1450

probl ems involved with mcrocells fornmed using microelenents each having a
cavity or a foam ng process and grooves or perforations forned using 5
mechani cal nmeans. The present invention proposes a nethod capabl e of
easily form ng mcro-holes, grooves and/or perforations having effective
and diverse patterns on a polishing pad. An object of the inventionis to
provide a nmethod 10 for form ng mcro-holes having the sane function as

m crocells while having a controlled uniform distribution and a controlled
uniformsize, in order to elimnate the disadvantages involved with
conventional nethods using mcroel enents each having a cavity or a 15

f oam ng process, thBtergfore nohheanipireseinty invarel @i zsas ahdedi stadiebutri on of

mcrocells respillngd nsB1redughE Orb:dif) M- YREOLE Vil it e AJdSINg
rate of a polishin process. Another object of the invention 1s to provide
a 20 nethod foFMeer Mg Yr BoGESCEPTBBEFOrBRFONE NN FidvVditde Qhapes,

sizes, and patbghrisgt pretéest b¥al Yroeeakr elr the ffdrewidhsa fredy gy a
polishing proce .in order to elhgknate t he di sadvant ages i nvolved with
n

Convent | onal TECRAMI €Al FSHUS, ¢ RAE | BECPRGH! f1ATENE 98 CORETIET o ¢ he
flow of the shethyddumpablae f bXedeshiape formiaigt embcodb-gobeyes qrooves

perforations. aﬁ@}”%?r rﬁé’é@ocﬁat%{) fde ih%‘(z%fgi ON rgeb0;sPLOVide a JIRLQY for
form ng grooves, ich s capa(?e of not aonly
patterns on a polishing pad.
An object of the invention is to provide a method
10 for forming micro-holes having the same function as
microcells while having a controlled uniform
distribution and a controlled uniform size, in order to
eliminate the disadvantages involved with conventional
methodé using microelements each having a cavity or a
15 foaming process, that is, a non-uniformity in the size
and distribution of microcells resulting in a reduction
or non-uniformity in the polishing rate of a polishing
process.

Another object of the invention is to provide a

20 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 mechanical methods, that is, ‘insufficient

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

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

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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elimnating. use of any adhesive mask, thereby 30 elimnating problens

i nvolved with the case in which an adhesive nmask is used along with a

| aser beawp oshats2i s, a conplexity of the whole process, and/KR0/01469
requi renment 8 WD 03/011522 PCT/ KR02/ 01469 of an additional adhesive
removi ng process, but also achieving an inprovenent in the accuracy of the
groove formation while using diverse polishing pads. In order to
acconplish these objects, the present 5 invention provides a nethod for
form ng, on a polishing pad, mcro-holes, grooves and/or perforations
having diverse patterns desired by the user, in accordance with a |aser
machi ni ng principle and a mask. I n accordance with an enbodi nent of the
present 10 invention, there is provided a nethod for fabricating a
pol i shing pad conprising the steps of: determining a pattern of

m cro- hol es, gfooyms aaidd/tgrongdr f adhesons trxemdelfior pebamssa pblikshihep pad;

I nputting thea@ﬁ&%'&r%ae%n pﬁﬁéﬁé%rﬁ&l@ CAMRHLr s QLIRS L Cab rCQR O r &) 15

controller; selecting a mask having a pattern of m cro- hol es, grooves
and/ or perfor§9F@ﬁ§1€6rW€§68nH§h@gtGlYﬁéselHB&FFE&“Ea?F@?ﬂ and driving a

| aser device adapt ednt @rdek adi adecomp BESH brastandjactahl errdaptesed©
conduct t hr ee- d nensi onal. nnvenenuj%%g gota ion.while su pori %g 20 t he
He't

pol i shi ng pad PURBEFCR E59VFEEFS0f The ?ht 8Fpépg’b§§b hput t ed
pattern, therpeby,irmadrathofjleshe graseesbeamifoom péefdaseiomdevilteviong o t he

pol i shi ng paddlégBBQrFSQtB¥nEh8eE§9 g‘fglr“QQéqg the éé@%fﬁé%b e AGLOY dance

with the inputte ern, so that mecr gr ooves,
per forations ﬁa&ﬁﬁgramﬁéb@éiﬁg BsiRespoAding @omﬁﬁé det er m ned pattern are

formed on the polishi BgcBRdance with an embodiment of the present
10 invention,\there is‘provided a method for fabricating a
polishing pad comprising the stepsr of: determining a
pattern of micro-holes, grooves and/or perforations to

be formed on a polishing pad; inputting the determined
pattern to a computer numerical control = (CNC)

15 controller; selecting a mask having a pattern of micro-
holes, grooves and/or perforations corresponding to the
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

20 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 inputted pattern, so that micro-

25 holes, grooves, and/or perforations having a pattern
corresponding to the determined pattern are formed on

the polishing pad.

Brief Description of the Drawings
Fig. 1 1is a schematic -wview illustrating the
30 configuration of a typical CMP machine and a polishing

method performed using the CMP machine;

9



Brief Description of the Drawings Fig. 1 is a schematic view illustrating
the 30 configuration of a typical CVMP machine and a polishing nethod

per f or redwogBogisehe CVP machi ne; 9 WO 03/ 011522 PCT/ KRO2/ @C48&R02B149 2 IS a
schematic view illustrating the concept of a CW nethod; Fig. 3 is a

phot ograph of mcrocells formed using mcroelenments each having a cavity
in accordance with a 5 conventional nethod; Fig. 4 is a photograph of

m crocells formed using a conventional foamng nethod; Fig. 5a is
schematic viewillustrating a conventional cutter for form ng grooves; 10
Fig." 5b is a schematic viewillustrating a polishing pad having grooves
formed in the formof concentric circles using the conventional cutter;
Fig. Sc 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
formed with grooved'ilgavizng sa d aahieg@ t igatviewn gy vs teerhiery itdrealcdrgreiptont al
mlling machige ; nEwWRtE QTM6&h conventional cutting saws and spacers; Fig.
6b is a schematic view i[lustrating a 20 polishing pad having grooves
formed in the formfd@-a 3| aft RcMRFaHERorRlenti 6harchb?i £6A1&F MIiNohg

machi ne of hhfcr&aledd@ts 66ats aavtely enadawiww ihl| ustbatibngeonetaf & he
| attice- haped g&ooves f t he conventional 25 horizontal mlling

b
nmachi ne; Flg FEEEORR s%%g?? e viewillustrating a conventional
perforating pins adapgt.ed tie feorghotograph of microcells formed using a

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

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

Fig. 5c 1is a cross-sectional view taken along the
line A - A of Fig. 5b;

15 Fig. 6a is a schematic sectional view illustrating

. a polishing pad formed with grooves having a lattice
pattern by a conventional horizontal milling machine
mounted with conventional cutting saws and spacers;

Fig. 6b is a schematic view illustrating a

20 polishing .pad having grooﬁes formed in the form of a
lattice by the conventional horizontal milling machine
of Fig. 6a;

Fig. 6c is a sectional view illustrating one of the

lattice-shaped grooves formed by the conventional

25 horizontal milling machine;
Fig. 7a 1is a perspective view 1illustrating a
conventional 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. 7Jc 1s a sectional view 1illustrating the

10



perforations on a polishing pad; Fig. 7b is a plan viewillustrating a
polishing pad 30 formed with perforations by the conventional perforating
pi ns of Fw@.030a152ki g. 7c is a sectional view illustrating POTE&KRRM110
03/011522 PCT/ KR02/ 01469 polishing pad having perforations formed by the

conventional perforating pins; Fig. 8a is a schematic view illustrating a
| aser systemused in the machi ning nethod according to the 5 present
invention Fig. 8b is a schematic viewillustrating the condition in which

a laser beamis irradiated onto a mnmask used in the nmachining nethod
according to the present invention; 10 Fig. 9a is a photograph show ng the
pl an structure of mcro-holes forned in the case in which only | aser

beans are used; Fig. 9b is a photograph showing the plan structure of a
pol i shing pad having micro-holes formed in the case 15 in which a | aser
beam passes theoughiagnmagied or medinict h pepfarat ioys of foinmad arbpat tdrens in

accordance w LB L bgt 600 dbgg@grggiggepgﬁg§ent invention; Fig. 9c is a
phot ograph show ng the plan structur of a polishing pad having

m cro- hol es forned 549t hdacdse 2 26chAM@hiEh Vi Gvastt L Beahr pad%ed tIfRigh a

mask formed ws{brampeideagonal ©adt elkhiniagCondense Wddbddiggenbedigrmnt  of
the present invention i is a schematic viewillustrating a

. Fi .10
pol i shi ng pad®hg%fhb ﬁ?8?8?h8Pes formed by the laser in 25 accordance with
an enbodi ment of theqresnt iswvent isrhendtgic 1view a Sichestatdteing ewhe

il1ustrating Bondition in which a laser beam is irradiated onto a
mask used 1in the machining method according to the
present invention;

10 Fig. %9a is a photograph showing the plan structure
of micro-holes formed in the case in which only laser
beams are used; |

Fig. 9b is a photograph showing the plan structure
of a polishing pad having micro-holes formed in the case

15 in which a laser beam passes through a mask formed with
a plurality of circular patterns in accordance with the
empbodiment of the present invention;

Fig. 9c is a photograph showing the plan structure
of a polishing pad having micro-holes formed in the case

20 in which a laser beam passes fhrough a mask formed with
a pentagonal pattern in accordance with the embodiment
of the present invention;

Fig. 10 is a 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 witﬁ 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

11



pol i shing pad having perforations formed by the laser in accordance with
anot her enbodi nent of the present invention; and 30 Fig. 12 is a schematic
view il | ueDroairsg2 a polishing pad havi ng grooves fornmed IPgTIKRD2l0a80r |in
accordance w th anot her enbodi ment of the present 11 WD 03/011522

PCT/ KRO2/ 01469 invention. Best Mdde for Carrying Qut the Invention Now,
the present invention wll be described in 5 detail in terns of its
constitution and function, with reference to the annexed draw ngs. The
present invention utilizes a laser machining principle in the formation of
m cro- hol es, grooves and/or perforations on a polishing pad. The | aser 10
machi ni ng nmet hod has a feature of reducing the area of a |ayer subjected
to a thermal deformation. Also, the |aser nmachining nmethod is performed in
a non-contact fashion, so that there is no abrasion of the tool. The

| aser machi ni hgveethod-is al so capable of precisely 15 nmachining an article
havi ng a conpl ex shape, elimnating generation of noise and vibrations,
and mai ntaining a _clean working environnent. Wen a | aser beamis

irradi ated onto th&sH iMiend Fueddy 1019 &Y5olbilehilayentd®™ it abruptly
i ncreases the surfacsateqper agirseered 20veheipal i whingbeaddedsrape@suld, the

mat eri al _.of the li.shin ad Ls.nelted and evaporated_at the_surf.ace

regi on wher e aﬁgaﬁgsép'ﬂé %sofrﬁgﬁiéFgﬁﬁﬁﬂﬁbjfﬁb a %IFEHF%@OBady”‘ t he
material of thefpoénshi hg phad asnexedodeawimgshe above described fashion at
the laser 25 '”ad'ﬂ]arfeedgiégé%’ RN RO QFi18,0LCr0-POke, QMG 1 RN/ OF

perforation is conplete _
principle in the formation of micro-holes, grooves

and/or perforations on a polishing pad. The laser

10 machining method has a feature of reducing the area of a

layer subjected to a thermal deformation. Also, the

laser machining method 1is performed in a non-contact

fashion, so that there is no abrasion of the tool. The

laser machining method 1s also capable of precisely

15 machining an article having a complex shape, eliminating

generation of noise and vibrations, and maintaining a

clean working environment. When a laser beam 1is

irradiated onto the polishing surface of a polishing

pad, it abruptly increasés the surface temperature of

20 the polishing pad. As a result, the material of the

7 polishing pad is melted and evaporated at the surface

region where the 1laser beam 1is 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



Referring to Fig. 8a, a laser machining systemis illustrated which is
used to carry out a laser machining nethod according to the present

i nventi onwoAs/stsezn in 30 Fig. 8a, the laser nmachining sy®PCarmrmolsdes a

| aser device 100 for irradiating a | aser beam a nask 101, a table 104
for conducting a rotating novenent and a 12 WO 03/011522 PCT/ KR02/ 01469
t hr ee-di nensi onal novenent, and a conputer nunerical control (CNC
controller 102 for controlling the |laser device 100 and the table 104. A
polishing pad 10 to be polished is nmounted on the table 104. 5 The
operator can freely determ ne the pattern of mcro-holes, grooves, and/or
perforations to be forned on a polishing pad, that is, the size, depth,
and space of those mcro-holes, grooves, or perforations. The foll ow ng
description will be made only in 10 conjunction with the formation of

m cro- hol es. Ohreeodimensihealormarvénanof @godves oromuerfer atiwreriical

carried out |8opcHBANGIeN) M L&k L0 10A 165 MY OOt £511 e eREr alale.can
sel ect a desired shape of mcro- holes fromdiverse shapes” such as a
circul ar shapéevafe 180o¢ad dHepeakle ri@hgularPehapeinanaad Alctt&ndift ar or
squar e shape. pbl sehetihesopenates santheeehyidetenm ne the dianeter, wdth,
or depth_of the ni%fo-holes. The inc%inaiio% %f t he ni%{o-hoﬁgs mﬁtg
respect Po the poli%hi RBEEAFPacEEhd TRe br FELGENERE of 'S hBAHTEFB- Rl es
20 can al so beidebehnilaed kyrddvesopeanddor Pee fpatattéonsoftaen beo-fuoimesi
determined byofhe (Aparatior isnd NAULLEd; Lo Lhe QNE.conLLall er 102, the

pattern inputting y 5@ a eveéd using @ scanning 'netl r ot her
means. The CNefcbBhepel meéereoRoR8sy egbgpvees PhePehporaedopattern, and

controls the | aser The following description will be made only in
10 conjunction with the formation of micro-holes. Of
course, the formation of grooves or perforations 1is

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 Dby 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



device 100 and the table 104. The m cro-hole pattern determ ned by the
operator is directly designed on a nmask material. For exanple, a desired
pattern nwg we11skor med on a mask consisting of a glass sulrstrere/o14nd a 30
chromium | ayer -plated over the glass substrate, in accordance with a
photol i thography technique. Alternatively, a laser shield material film
may be 13 WO 03/011522 PCT/ KRO2/ 01469 patterned in accordance with a
cutting process. This patterned filmis attached to a |aser device. In
accordance with such a configuration, selective transm ssion of a |aser
beam can be achieved, as shown 5 in Fig. 8b. Accordingly, the |laser beamis
irradiated onto selective portions of the surface of the pad, so as to
forma desired pattern. Wiere such a nask is used, it 1is possible to form
a mcro-pattern difficult to be fornmed using a CNC. Therefore, where a
conbi nati on opatlbethed CNG amdcehéamesk wildhusad cutting posstes . t o Tharsm a

pattern di fflgg{{ LRebe forhred Using copventiponal ;gaehi njog; processgs. For

i nstance, alt oug conventional |aser-used nachinin processes are limted
to the fornme@F8ArBENERr cUfBF spotechhr. cont iGITUIUEATELN it iS€ L5 YH9Ssi bl e

to formrect apgahahi 961 PENbageNal aSPOt Bebl cRGCUHIancRidbéh, t e Rresent
|nvent|oE. The sk d |gne -as_descri be ve is mounted t.o _the | ower
e

ab
end of t Ia%rér dévi FROsath &Y agHFo 25HatP§8™i $5hari 99
arranged justoab@veeuaetn’z@eppbtshbng padti6 whirlfechebiigtpar alldel swi tds t he

poLl g, PibofarSe! g a5erotlevton. 0B il s d0tans dien rcer
t he mask 101 bat ®Pagrible 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 using 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 is horizontally arranged Jjust 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 1is 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 1is, 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 controller 102, under the control of the CNC

14



25 polishing pad 10 nounted on the table 104, thereby form ng, on the
pol i shing pad, mcro-holes having a pattern corresponding to the pattern
i nputted wo wshe1seNC controller 102. That is, the | aser dedracro®debor ns,
on the 30 polishing pad 10, mcro-holes having a shape, size and space
respectively corresponding to those inputted to the CNC controller 102,
under the control of the CNC 14 WO 03/011522 PCT/ KR0O2/ 01469 controller
102. The shape of each mcro-hole such as a circular shape, an oval shape,
a triangul ar shape, a rectangul ar shape, square shape, or a pentagonal
shape can be determ ned by adjusting the shape of a | aser spot 5 focused
onto the polishing pad 10. Also, the dianeter or wdth of each mcro-hole
to be fornmed on the polishing pad 10 can be controlled by adjusting the
size of the laser s For exanpl e, when the size of the |laser spot is
adj usted to beorore qlsolaan nT8R0-Shabes dfavgar) anioreieke epueh 20 ©o 150

pm can be foraed-yfS0.sHMpRre Lhe ovsellzesHEthe ala%%&a% o alrS ﬁ%é’éte% to be
1 to 100 pm mcro-hol es haV|ng diameter of 1 to En1can f or med.

The length. ofSeaRPIM Y 0SREPE artfi4ate sPaAgRe- éFMé%npﬁP ?8°H61e§hépﬁanged
adj acent to eash b heetepmibetinpyt ayabtdhgeeheoBhapet BE laasarsehkeamozan

al so be adquted QX contr Illngl hﬁ conténuPysll t%§n1 teg{ Irllerradlatlon

peri od o? t he T AS®T° beant %% ?gé%d% M cfo-Rsl & Earf 158 §§'usted by
control ling thedpowef @ECMJﬂu¢Emmh0b@aho 2@ Neanwid |ep the p@bh@h1®q on

whi ch the po';hééi“ :T@ faf ELQ ' n@%ﬁtl%@l Wnag udPYR H:'Ret@% d}, Fengjconal

di rections , , Z-axis directi ns, rotati ng about an
R axis. A desl@%@rp%@@%rrlﬁﬂrrﬁ&ﬁmﬁ e, 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 um,
micro-holes having a diameter of 1 to 100 um  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 1laser 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, in accordance with the three-
dimensional movements of the table 104 along the X, Y,
and Z 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



holes is fornmed by the |laser beamirradi ated onto the 25 polishing pad 10,
in accordance with the three- dinensional novenents of the table 104 al ong
the X, Y,woan@iid2axes and the rotation of the table 104 urddarkri®id4coont r ol
of the CNC controller 102 based on the inputted micro-hole pattern. The

m cro-hol es may have a desired 30 angle with respect to the polishing
surface. The density. and arrangenent of the m cro-holes may al so be
adjusted by controlling the noving and rotating speeds of the 15 WO

03/ 011522 PCT/ KR02/ 01469 table 104. Thus, mcro-hol es having a desired
pattern selected fromdiverse patterns can be fornmed on the polishing pad
in accordance with a conbination of the control for the 5 | aser device 100,
the control for the mask 101, and the control for the table 104. The
formati on of grooves or perforations is achieved using the sane nethod as
that used integhéefdPémtion of the micro-holes. Such micro- holes, grooves,
and perforations may e sgledinglas Hifiordred Qs ithes R d e dad-Jddy

Al ternatively, they may e formed in the Tormof a conbined pattern. In
the latter ch&el fh¥ehPEr B2h6PEERS §PBoPEs LOZAG I &FF dhidt iRsHSL Shidyg Rad
sequentially on atauktianeeusdiyhf er rmﬁnbi?ffmtirmskoﬁ%haaxtoberbypif@a: lhe
manuf act ur ed 15 formn chrom um. | ayer_over. a transparent )
substratg, anggﬁgftg?ﬁ%ﬁ gﬁ@’c%@%ﬁ?ﬁﬂﬁ%&%rf?% E%%cgﬁagn@ 1mjfﬂg5%§m

phot ol i t hogr apbytpebcéss. thee trdsle 1004 . mElhdef ardet obnpbdstirocviest aly

pol ymer, or PBBEEorkt 5ns 913 ATULIAG AW, 0oL 09PNl ALERANGLES: 1 20

formed in accordance e present invention, respective _
m cro- hol es ofSFERgingcth efpoRaeyopycf 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. In the
latter caée, the micro-holes, grooves, and perforations
may be sequentially or simultaneously 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 in accordance with the present invention,
respectively.
The micro-holes of Fig. 9c are formed by

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
controlling 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 1is, 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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oscillating a | aser beam having a wavel ength of 197 to 248 nmat a power
of 5to 10 watts, and selectively 25 irradiating the oscillated | aser beam
whi l e al lweioagitshe | aser beamto pass through the patterwrcafkKria@i4pask. At
this tinme, the depth of the mcro-holes is controlled by controlling the
shot time of the |laser beamto be 0.1 to 10 ns while repeating the
irradiation of the | aser beam 30 at the sanme position. That is, the control
of the laser beamirradiation is achieved in accordance with not only the
shot time, but also the nunber of shots. 16 WO 03/011522 PCT/ KR02/ 01469 As
shown in Figs. 9a, 9b and 9c, the mcro-holes forned in accordance with the
present invention have a wuniformdianeter and a uniformdistribution while
having a snooth surface. The mcro-holes can also be fornmed to 5 have
accurate and diverse patterns. , However, the conventional mcro-holes 9a
formed using only tAse shewmadiat iFgigsof YasePbbeandks Yoy hKhve mioughrholefsaces

because the SE&Tsﬁ@& 9, each AR hel €n9anks ;J‘Féste‘?ﬁ dugved 01 Higah sGaused by
the irradiation of the |aser beam near 10 the region where the mcro-hole

9a is forned. YALSRI™ @ieMeERT| &N6f aFP@éf%maﬁdsﬁrlePl’%é@nl r‘f’halé@orl@é’ﬁé@ with

a conventional siebbRdsustagen cToel giepbsheass badi BYsa bea'fioirhedOrt A
f oam ng proce n-uni f.orm, distribution _and a non-uniformsize.

h
For this reas%ﬁve 1§g§ﬁ§r%$8r088fil s HWATER afs t&Xpdsed asrﬁtoﬁ'g V&I s ity

process proceedsyefavenaon- warckorhoteess sectiamsad Thesingcr onhgl eshef the
T They IR ST AR S S 1S
during the pob?@@ﬂ#?@ phecessfaghd ofi sty gelere helt | 22t é8 aebitis wiven the
pol i shing padtbSheat caused by the irradiation of the laser beam near

10 -the region where the micro-hole 9a 1is 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 is also
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recondi ti oned
a uniformdis

t he conventional mcrocells. In accordance wth the present invention,

di stribution,

if desired. The mask is sinply nmounted to the |lower end of 30 the | aser
devi ce wi thout being bonded to the polishing pad in accordance with the
tion. Accordingly, the whole process is sinple. It is also

present inven

. In addition, the mcro-holes of the present invention have
tribution and a uniformsize. Accordingly, the mcro-hol es of
t he 25 prweaaniisayenti on have consi derably superior effectET/KReN146bose of

t he

density, and size of mcro-holes can be freely determ ned,

17 WD 03/011522 PCT/ KRO2/ 01469 wunnecessary to use any additional process,

for exanple,
advant age in
to the case i

an adhesi ve renoving process. In addition, there is an

that the nmethod of the present invention is also applicable

n whi ch any adhesive mask 5 cannot be used. The di agonal

obl i que regi onnatceheatpwer risghtanypordilohional herphesegr &pir shampla Fig.
3 represents g, RBREQK LI YrriRriTRd G 420! | sh ng4pad; Ygi NgnareCQRVENY i onal

perforating pin. As shown in Fi

-~ 3, th
causi ng debri33Y3PFadRi A0 Fhaiihghﬁefnﬁahéfii o, t8&c P FSts ITRETgh 1S

scratches on alssueppcechenag ol tshedadyr iing WwHeciCVPnpr acees 1 vEHOWRMS! |
such a péoblen1does not ari,.se with the perforation or groove forned in
“invention 15 because the perforation or groove

accordan

e wi tRPhe DY BEh

e 10 perforation has a rough surface

has a snoot h surfa@®e bgiwgohaé obbaidraserrammicin niatg phecebswer n micddr dance

with the pres
patterns may

Ber TP Qe 0o PORRRT ofov gy TR CRia G TRoPLRERES 2

schematic vi epgrforation formed on a polishing pad using a

10

15

20

25

30

conventional perforating pin. As shown in Fig. 3, the
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
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.
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 wview illustrating a
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. In each radial
region, the micro-holes have a uniform density and a
uniform size.

Fig. 11 is a schematic view illustrating a

polishing pad on which perforations formed in accordance
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respectively illustrating exanples of mcro-holes, perforations, and
grooves forned in accordance with the present invention. Fig. 10 is a
schemat i cwoiswist ustrating a 25 polishing pad on whi ch mcarkraeies f or med
in accordance wth the present invention are arranged. The polishing pad
shown in Fig. 10 has mcro-holes having different densities at different
radial regions. In each radial region, the mcro-holes have a uniform
density and a 30 uniformsize. Fig. 11 is a schematic viewillustrating a
pol i shing pad on which perforations formed in accordance 18 WD 03/011522
PCT/ KR02/ 01469 w th the present invention are arranged. Fig. 12 is a
schematic view illustrating a polishing pad on which grooves forned in
accordance with the present invention are arranged. In the case
illustrated in Fig. 11 or 12, 5 the nmachining process is conducted by

nmovi ng t he tawieh theX rasdentaxinvel t et | ane whirka et at iFigg + he2t abl &

Al t hough onl ySéh&hé(@ijc patitky lefLuQFtQQ‘ﬁ;eLﬁgora p%fd‘lflrs@%ﬂrf{:ﬁspahs SQr ned dm )
accordance with the caonventignal mechani cal A nmachining nethod, as shown in

Fig. 5b, 6b ofr9dvedoianPpded? AASRAISEN A tethe B]flenpéleée%l e1§1veg‘rtd&i‘es or

perforations gas beréneely fof melde ushng al1ChEtreosdr ohl gig.alhaser lpgam
and a mask in_accordance with the present |n¥e§t|on | n. accgé C%V\Ath
d4cts Fes?

the presgnt ihvenf'PSRIERE PSS shf ng©ps (PR €Y 79D
perforations,ior X gaodvéﬁs—afrma ngldeaensespmmjelms rowiattiogt blee ngdblrﬂ' ted

to the pattergsyibl ﬁt&é\‘}fd By kLGS a%Qeri'ul fa@ %%es %'é%eﬁﬁb%é{fcﬂ drighi ng
pad may have a patt is a bi nat i on m cro-h , oration
and groove is formed in accordance with the conventlonal mechanlca

" machining method, as shown in Fig. 5b, 6b or Tb,
10 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
15 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
20 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
25 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. 1In accordance with
the present invention, micro-holes having a uniform
30 distribution and a uniform size are formed on a

polishing pad by a laser beam, thereby maximizing the
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20 patterns. For exanple, the polishing pad may have a conbined pattern of
m cr o- hol es and perforations, mcro- holes and grooves, perforations and
grooves, woogiocrsez hol es, perforations and grooves. | ndustPCiTatR02/01469
Applicability 25 As apparent fromthe above description, the present

i nvention provides a nethod capable of easily formng mcro-holes,
grooves, and/or perforations having diverse patterns by a |aser beamand a
mask. I n accordance with the present invention, mcro-holes having a

uni form 30 distribution and a uniformsize are formed on a polishing pad
by a | aser beam thereby maximzing the 19 WO 03/011522 PCT/ KR0O2/ 01469
polishing efficiency of the polishing pad, as conpared to conventi onal

pol i shi ng pads havi ng non-uniform mcrocells. The present invention al so
provi des effects of an enhancenent in machining efficiency and a 5
reduction in pehutherar edgicasnsy |9f atkor d@idehiingh rad pres@FPared
invention, pegoraldRRs antar 0058&91%}%!1(%9 pRIRCI SRafndgdi VRInSeIRaldel ns
can be forned. Accordingly it 1s possible to effectively control the flow
of a slurry Bhc¥pecpbti shT}h% paESeAd FRVERELPRaRdEWPIRVERESD ts

i nvention, desfredn paidreimSerdntr cifn- halaesinperf orét f iisen@nd ghaoves

havi ng diverse (ﬁhage sizes aﬁg Qeﬁt hs, asntd a Icnonabi natcj on_ ther oft can be
preci sel and” 8F Ff i‘%ﬂtﬂ/ M3 OFHRG Y l%gp%?i shi ng pa(fcboyr 1S & earl'ﬁeand a
mask in 15 a shesénti nenveasednen gayifierdtpalnsshiangd copdpbiven. having
Accordingly, LielssBOssbheyLpsachheve an cohanceRsRcln MRUHAGIY NG
efficiency and a reduction in nahufacturing costs. A?though the preferred
enbodi ments oitt He | poeRftbdg 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 illustrative ©purposes 1in

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.
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20 have been disclosed for illustrative purposes in conjunction with a

nmet hod for fabricating a polishing pad formed with m cro-hol es,

per f or at i wasi3/oarsdz or grooves by use of a | aser machi ni ng POTKRERO1409d a

mask, those skilled in the art will appreciate that various 25

nodi fications, -additions and substitutions are possible, wthout departing

fromthe scope and spirit of the .invention as disclosed in the

acconpanyi ng clainms. 20 WO 03/011522 PCT/ KR02/01469 Clainms 1. A nethod for

fabricating a polishing pad conprising the steps of: determning a pattern

of mcro-holes, grooves 5 and/or perforations to be formed on a polishing

pad; inputting the determ ned pattern to a conputer nunerical contro

(CNC) controller; selecting a mask having a pattern of mcro-holes,

grooves and/or perforations corresponding to the 10 inputted pattern; and
driving a | aser dewiges adapted to irradiate a | aser beamand a table

adapted to conduct a three-dinensional novenent and rotation while

supporting the polishin pad, under a control of the CNC _controller based

on the 15 i nputted Jpat tfer MetRA eb§OF r r 88PALFAGIPBe Pas®PBSRH Y r &AL he

| aser devi ce eshpribsengothshstgopastsupported by the table while noving

the table in accor%&gpe with the inputted pattern at. m cro- hol es,

,..S0.t
grooves, and/or pe ST ations havi n%g oAbt ef C(I)nrllggs?p(})lﬁgfeﬁg t $20 e
det er mi néd patteraraperforaetons thebpoféshdgopaa. poRisTheg etdind

according to clai mi, wherel nacbegny spohefor gedcopn t he, pal | ehifg Rad by
the | aser beamis aé)ustegl n size to agjust ?ﬁe di aneter or wdth of the
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, grooves,
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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m cro- hol es, grooves and/or perforations being formed on 25 the polishing
pad. 3. The nethod according to claim1, wherein continuous and

i nterm ttwotosjonrsazli at i on periods of the |aser beam are caatrrato2z@diedo
adjust the length of the mcro-holes, grooves, and/or perforations being
formed 21 WO 03/011522 PCT/KR02/01469 on the polishing pad and the space
between the mcro- holes, grooves, and/or perforations arranged adjacent to
each other in a travel direction of the |aser beam 4. The nmethod accordi ng
to claim1, wherein the 5 laser beamis controlled in power to adjust the
depth of the mcro-holes, grooves and/or perforations being forned on the
polishing pad. 5. The nethod according to claim1l, wherein the table is
noved in X, Y, and Z-axis directions to adjust 10 an angle defined by the
m cro- hol es, grooves and/or perforations being forned on the polishing pad
with respectono thgpabdshshgnguprbdcearnst the. speldeshbeilgyerl. thg micro-

holes, grooves, and/or perforations arranged adjacent to

each other in a travel direction of the laser beam.

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 Z-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 a polishing surface of the polishing pad.
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