.. kle3e” (]6T(AE# CHEM CAL MECHANI CAL PCLI SHI NG PAD HAVI NG HOLES ANDY OR
« GROOVES Techni cal Field The present i i | ates to a polishing pad 5
used in a chem cal nechanical poli S‘w‘lﬂ@mﬂmlwﬂﬂww and nore particularly to a
chem cal ne njcal polishing pad f al _a polishing surface thereof
iy

with a plur concentric circles €8 havi ng gr ooveBCTEBIHYI65,, 4
conbi nation thereof. 10 Background Art Cenerally, chem cal nechanica

polishing (CWP) is a high precisio 1 urface polishing nmethod used
to obtain global planarization incﬁWHW@m@mm@W@ﬁor devi ce manufacturing
process. In accordance with such ™, rry is supplied between a
polishing pad and a wafer to be polish8®#!5%9%0 as to chemcally 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 CWM nachi ne,
which 20 is denoted by the reference nuneral 1, is schematically
illustrated. Also, a CWwW S| i LS schematically
illustrated in Fig. 2. Thg§%§%gwgtH@gﬁbﬁ§¢éﬁﬁi§3¥g§ﬁgﬁi%ﬁP etching reaction
process and a nechani cal pol iEAVING HPBESSANDARH GROSVESconduct ed using a 25
polifhing_pad 10_igclu?eg in the CWP4gac$Ln$ 1. TPﬁ cthicaI4gtching t
reaction is carrie ut, b urry : at is, e slurry serves to
Sy

chemcally react with® 4€49%f a wafer 30 to be polished, thereby
making 1 WO 03/ 017848 PEFASERO1L01466ion pelsidd etdbor thve imhdhgnipaall

pol i shing procesgq iRl b owdigh dNe nedgheakl Biehidhd nbe3chibels tahdGogasi |y
carried out. In the chani cal polishin rocess, .the pol|shing pad 10,
which is fi xedwrﬁﬁaﬁf%ﬂla%n &P plat &?feﬁlgﬁf il .caihepﬂéa?%}?l%, BRfich is
firmy held by farmetaabtea pokipld2g soréfdes wedenfowdithl at phgralAtsi wifry
containing abraghuenpAidi A%t SRl iAol NErgoldshi go10ad 1 by a
slurry supply neans 40, The supplied slurry 1's Tntroduce et ween t he
pol i shing pad FO™R&nakHOR N&RFHr 30. The introduced abrasive particles
come into frictional contact with the wafer 30 by virtue of a relative
rotating eed diff t he polishing pad 10 and the wafer 30, so
t hat theyfgonduct ng%%a iggﬁhggf?shin . The slurry 42 is a colloidal 15

li quid containing alieRs§itidlyar cherdsahdiachgna cgtaPAl §shenadf (Modkst ér s.
This slurry 42nighsplreatls bon trner qaaleds uir@ apadpd Di siut i gnd e dp alsiegthitag

process. As th%b%%kbiﬂl@agg??% a(rq.tzaattg%ﬁ}dufﬁ ”Qut%\%}i Itk BY RR4GeS. the

slurry 42 supplie ing pa 0 1s out g
manufacturing process. In accordance with such CMP, a
15 slurry is supplied between a polishing pad and a wafer to

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
20 is denoted by the reference numeral 1, is schematically
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
25 polishing pad 10 included in the CMP machine 1. The
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



.20 di scharged fromthe periphery of the polishing pad 10 due to a

~«centrifugal force caused by the rotation of the polishing pad 10. |In order

to achi eve an enhanced polishing efficiency, nmany abrasive particles should
remai n for bIe | engt hy period of tine on the 25 upper surface of

t he polishfﬁg%gigg so that they participate in the pO|IEﬁ

wafer. That is, the polishing pad 10 should nmake the slurry 42 be heId on
the surface thereof for as |l ong a period of time as possible. Centrifugal
force generated during the rotation of 30 the CMP pad is higher at a
position nearer to the 2 W) 03/017348 PCT/ KRO1/ 01465 peri phery of the
polishing pad. Due to such a centrifugal force difference between different
radi al positions on the polishing pad, the slurry on the polishing pad
exhibits an increased flowrate as it 5 approaches the periphery of the
polishing pad. Thus, the slurry is non- uniforn1y distributed in the radi al

direction of the pollshbggoﬁ%%Ff to su nonuni form di stri bution of

the slurry, thétwafP&est By BSC §Hé83 ecBALESRANG HdP5QaRsTg rate
is varied 10 d€pédidiwhggortha ratkmalcglosetehomaof redet ipol,i sbe ngepachsinycont act

with the wafer'g Sychacgpt. SUQﬁzatN@Th@éﬁéHldélF¥%1£§H1BQ &ﬂ%%e@%feQ%% the

pl anari zation of .t he. wafer 1 shin exhi hits a

consi der abl e dPPfEFBARE PﬁdpQ%VSm §Hréﬁe ¥n“PP§%88nPFaP AN 1.5
and its pe&riphélal yudrtiesn. Fire tve e edlormwhich | s nécosbar jeld bpi faor n1 y

distribute the s pyrovahe! N Poldhiand aad de£antieelbing Bheiihay of

slurry on the polishi During the I shing proces the wa
pressed 20 agaFﬁ§Faﬁﬁé“%olF?Hﬁﬁbvﬁadpéét%ﬁ%$s|tlﬁon€§ppﬁ%%dfrF€t|5ﬁ§
contact with apwassnénpardddc| @8. Hueat osiunry psessly emebnwevm i trhmay be

difficult for ts*&%g?k%r lélBQrge%ghlUE? 88@%& aﬂ:e&ﬁéetd Yhe ﬂ%h‘é’i ad Or

this reason, But e ce ntr porti n o 25 the
wafer in ¥ reI a0 werdy tr“@dd(?e’c@rarﬁ%nt Thes ingredpendt abi#el Yokt gl eshe
peri pheral por idome Qﬁtbhﬁrmafﬁdina]ASc@ltraeﬁuhvﬂ.tht bRewad B | 30 ron-wiitfuer my

polished. In order _to.s0lM& e suggggtplg(g dgﬁff%cgrj% ge‘g\ Jopgsed, in

whi ch hol es or grooves aV|n? esir a e are
formed on a CMPOB4ghingcRad O\APeﬁoebeweﬁer 30, that “they’ conduct
mechanical polishing. The slurry 42 is a colloidal

15 liquid containing abrasive particles having a grain size
of nanometers. This slurry 42 is spread on the polishing
pad 10 during the polishing process. As the polishing
pad 10 rotates during the polishing process, the slurry
42 supplied to the polishing pad 10 is outwardly

20 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
polishing efficiency, many abrasive particles should
remain for a desirable lengthy period of time on the

25 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 be held on the
surface thereof for as long a period of time as possible.

Centrifugal force generated during the rotation of

30 the CMP pad is higher at a position nearer to the



.PCT/ KROL/ 01465 hol es or grooves act to control the flow and distribution of
“the slurry continuously supplied during t he polishing process. Now, holes
or grooves conventionally formed on a 5 polishing pad will be described in
conjunctlonwﬁnsp F&e annexed drawi ngs. Fig. 3a is a schematic view
illustrating a polishing pad fornmed with grooves respect|9§/§Rﬁ%Wﬂﬁg t he
formof concentric circles. Fig. 3b is a cross-sectional 10 view taken
along the line A- A of Fig. 3a. As shown in Figs. 3a and 3b, the grooves
formed on the polishing pad have the formof concentric circles uniformy
spaced apart fromone another in a radial direction while having different
di aneters, respectively. The slurry, which is 15 continuously supplied onto
the polishing pad, is forced to nove outwardly by a centrifugal force
generated as the polishing pad rotates. As a result, during the polishing
process, the slurry is tenporarily collected in the concentric circular
grooves, and t rd dis d fronlthose roo es. An_exanpl e of
such concentrlg8 r é¥003é5| é?hsc "Sse&?n U, sP 8 Rt R¥CPs5, 889, 769.
This U.S. Pateﬁ?nN@if‘!BgEQ]S4 fpegedi didf ference dwtvmmgdpgaer@ntremmtah a

plurality of cpBeePiéhs Gir Cwhar gbpmeﬁ@r PRI, r akh8r ogmesry The Pehishi ng
pad is 25 divi into Iura of groove rggagns wher e grooves havi ng

di fferent widt ﬁggéﬁkd”(lﬁf églren‘i"x}il ar ¢Y5F° e PectrY8l S Hobever |
such a pold shi agppedichkes i the merreaharyo@f spie glolgisbdngspsanndthuseetthear i ous

condi tions reqeibegdyi nla CNBrPuRLeSSIReC SR dibubag ajhi X%@hepatxia%&aﬁo
formed only of ?rooves ,%%%03/ 17348 PCT/ KRA (01465 Fi 4a

schematic vi ewFFFTst?ht |°r§g oPPshi g habcf or i tR 1o %Es "ﬁa\’/’i"ﬁg a
conventi onal suniufermedifFrgibupidrs af ctbes-sdawtryondheviwafed | Ust mani-ng

hol es shown i nyki gor®By ﬁéﬂidﬁédﬂﬂédﬂMSQQ1§sp§ﬂﬂ9EhEh? réte %spNQ&ﬁhhty of
hol es ar egularly. arran g ol es,arran £ go in ad store
a slurryggt pl F&Re gﬂ@%%t% Ph&PELS rBPﬁ?g}ﬂb g dFEEh Eé BfnghBagt Ped
slurry caused byntemmrwiugathéoweéertsSsuﬁﬁaemt NBuclp, 353ﬁ313tﬂDBChDSES a
pol i shing pad fg (Bgidd m@ GELQYes Bhed iaﬁﬂlm fh%sofga%@&v' ng as

a polishing surface ¢t and grooves at a second surface

to po an abj
fixedly mountefSt @ are;ﬂug'tten the RS ilflasﬁ’iaﬁln MOt Re 2y rRRAEISEEPAR] at
t he second sur fla€ehavee ain grajershinge rahanbétreeen ciove scdrormaid p@trttiba first

15 surface, Al gaq U+ E’é&?ﬁﬁeﬂ\cﬁ éoﬁf or734 c#c&c'eﬁfé areagkhsh'ﬁg

having a first ion fornmed w pores an secon reglon
formed with a BFEg%‘F?’fX/ &P dﬁé‘ﬁf’ﬁ@%y Idﬁ-sltﬁébE’é%e toF tHAEIhVeYRY okle
pol i shing pad 26lhsivimgy gadobesconthol Eisnginideor flgw spAcelluapar &énf Ehen one
another, the shysfy, Rldgd onto the polishing pad is hindered from
flowing toward the central Bortlon of a wafer being polished at regions

where the polishi ngP&dPPs PR BBAL I RIPISTS ndEr Wakera ife OEEESSH
degr adat iagn against the polishing pad so that it comes into

frictional contact with abrasive particles. Due to this

pressure, however, it may be difficult for the slurry to

reach the central portion of the wafer. For this reason,

the slurry may be distributed at the central portion of

25 the wafer in a relatively reduced amount, as compared to

the amount at the peripheral portion of the wafer. Aas a
result, the wafer is non-uniformly polished.

In order to solve such a problem, a method has been

proposed, in which holes or grooves having a desired

30 width, depth and shape are formed on a CMP pad. Such



.25 in polishing rate occurs at the central portion of the wafer. ' On the

- other hand, in the case of the conventional polishing pad having concentric
circular grooves, a superior slurry storage capacity i s obtained because
each 30 gro a partially closed structure having ve[fi WO
03/017348 ﬁ&¥ﬁ%&@%ﬁ01465 groove wal | s capabl e of retaining&bﬁgb%ﬁﬂ?ry in

t he groove agai nst centrifugal force, as conpared to other conventional
pol i shing pads. However, this polishing pad has a drawback in that each
groove has an insufficient 5 depth corresponding to 1/4 of the thickness of
the polishing pad. Since the grooves or holes fornmed on the above nentioned
conventional polishing pads have a fixed pattern such as concentric
circles or a lattice, it is 10 difficult to forma groove pattern capabl e

of effectively controlling the flow of a slurry. In accordance with the
met hod for formng perforations using perforating pins, the perforations

have a fixed shape. Since the holes have a sinple.and fixed pattern, it is
difficult to 15°4FFaRfedtMIAT frale ﬂ?Qﬁﬁgﬁaéﬁé 318§t989n§1ﬁ€§*9€§f9“h a CWP
process. |In oraér the sdhveysacht prohisdiys suppddedi dykyngithé spakicHsig@y to
design the shag&ocggggity and distribution of grooves or holes, taking into

consi deration the given 20 polishin rocess conditions such as centrifugal
force and wafer posiN3'n. h¥h&kl 8§uﬂg°gf’ef h§°PH9aBi?%?rﬁPhe?8F‘8‘?§, ©8n ®obj ect
of the inventi @elishingppadi délh BiPdpadrilmed ai C\VPowj wodsiomhiidih ithef or med
with holes, 25 4 ?ggggsdfgwfhégqnbination t hereof capable of retarding the

a

ni formi'y di stri butiTEt hOal (Fe y bveP PHEAEE | STITh st fareEating. a
polishing pad formed with grooves respectively having the
form of concentric circles. Fig. 3b is a cross-sectional

10 view taken along the line A - A of Fig. 3a. As shown in
Figs. 3a and 3b, the grooves formed on the polishing pad
have the form of concentric circles uniformly spaced
apart from one another in a radial direction while having
different diameters, respectively. The slurry, which is

15 continuously supplied onto the polishing pad, is forced
to move outwardly by a centrifugal force generated as the
polishing pad rotates. As a result, during the polishing
process, the slurry is temporarily collected in the
concentric circular grooves, and then outwardly

20 discharged from those grooves. An example of such
concentric circular grooves is disclosed in U.S. Patent
No. 5,984,769. This U.S. Patent No. 5,984,769 discloses
a polishing pad formed with a plurality of concentric
circular grooves or spiral grooves. The polishing pad is

25 divided into a plurality of groove regions where grooves
having different widths and different lengths are formed,
respectively. However, such a polishing pad having
circular or spiral grooves cannot meet various conditions
required in a CMP process because it has a fixed pattern

30 formed only of grooves.




.Anot.her object of the invention is to provide a CMP 6 WO 03/ 017348
« PCT/ KROL/ 01465 pad forned with holes, grooves or a conbination thereof
capabl e of effectively controlling the flow of a slurry supplied onto the

pol i shing pgd esi+54ad @ CMP process. In accordance with th [ nt
I nvention, t egé 5 objects are acconplished by providing §Cﬁﬁgaﬁﬂﬂﬁused for

a CVWP process, wherein a plurality of concentric circles each having
grooves, holes, or a conbination thereof are fornmed at a polishing surface
of the pad. Brief Description of the Drawings 10 Fig. 1 is a schematic view
il lustrating the configuration of a typical CVP machi ne and a polishing

nmet hod perfornmed using the CVMP nmachine; Fig. 2 is a schematic view
illustrating the concept of a CVWP nethod; 15 Fig. 3a is a schematic view
illustrating a polishing pad formed with grooves respectively having the
formof concentric circles; Fig. 3b is a cross-sectional view taken al ong

ol 1 shing pad forred 't h 4ol e hati nt R BeRTont dital SaNReEaAF SRR g o i s
a cross-secti oRRLighéngi Prdstfenmedy widiteshehmmnhanisg ga 4eenvamtipgals is a
schematic vi ewstirhbugkéat i ng digier sepshages 8f @rRR¥es8echOb®SL OF view
ComLey oS LMSRSEAPLIBA N poagedenee YN S RIRSREL WMISILLED: I oc
circle forsred E?d7 of Fig. 4a, a plurality of holes are regularly
arranged. The holes arranged on the polishing pad store
a slurry supplied thereto, thereby retarding a discharge
of the stored slurry caused by centrifugal force. U.S.
Patent No. 5,853,317 discloses a polishing pad formed
10 with grooves at a first surface thereof serving as a
polishing surface to polish an object and grooves at a
second surface fixedly mounted to a platen in such a
fashion that the grooves formed at the second surface
have a larger size than the grooves formed at the first
15 surface. Also, U.S. Patent No. 5,329,734 discloses a
polishing pad having a first region formed with a
plurality of pores and a second region formed with a
plurality of openings.
In the case of the conventional polishing pad
20 having grooves or holes uniformly spaced apart from one
another, the slurry supplied onto the polishing pad is
hindered from flowing toward the central portion of a
wafer being polished at regions where the polishing pad
is in contact with the wafer. As a result, a degradation
25 in polishing rate occurs at the central portion of the
wafer,
On the other hand, in the case of the conventional
polishing pad having concentric c¢ircular grooves, a
superior slurry storage capacity is obtained because each
30 groove has a partially closed structure having vertical



WD 03/ 017348 PCT/ KRO1/ 01465 grooves, holes, or a conbination thereof,

" respectively; Fig. 7 is a schematic view illustrating a polishing pad
having a plurality of concentric circles of different dianeters each
conposed of lity of holes; 5 Fig. 8 is a schematic viewillustrating
a pol i shi ngwg:g%b%‘?ch is divided into two radial regi ons BaVKRHAI6g a
plurality of concentric circles of different dianmeters each conposed of a
plurality of holes; and Figs. 9 and 10 are schematic views respectively 10
illustrating CVWP pads each having a plurality of concentric circles of
different dianeters each conposed of grooves, holes, or a conbination
thereof. Best Mdde for Carrying Qut the Invention Now, the present
invention will be described in 15 detail in ternms of its constitution and
function, with reference to the annexed drawi ngs. In accordance with the
present invention, a CVWP pad is provided which has,, at a polishing surface
t hereof, a.plurall Q Qncentric circles each having grooves, 20 holes,
or a combi nati 8%‘0?%%%&1?.5%?%???];% P& Frgraiding; Ehee sghléﬁéfs ¥t $heén
grooves, hol es98POo¥BnBUAAREBNSenhetBedalar faremd as tchepéped ob atktemcentric
circle in accoedauestybidl [ha hengnbaksy cHovaRed! Cehil Usbi Aty bAg
accor dance mﬁtﬂathe g{eagntklnve& i_Qn, Z%fcontlnu us grooves eagh aving a
desired width and & d&&"PEG déft Lhr?gye@é: AT ¢t AT t HESYIddmient
concentri & ci r 8epsh reaxnespiondling Swh 1ddnt pfiuditse grbdersess e off sehesed in
U S. Patent Nopo®i98fhgffhd.In the case of a polishing pad disclosed in US.
Patent No. 8 WD 03/,017348 PCT/ KRO /01465 984,769, a plurality of

5
uni forny spaced cofcBfifri % PEAPYEES gPEoVRRLeH e EPERARD O nth cab@dAce with
t he present inpentiomed diswomntigvoad gpobieisirencpduavi mgive desi resewi dt h,

depth 5 and | epgtbesmyshen f a5 MednwbhCH: Ar & FEMY a8l VaanLapged ¢ i
10 difficult to form a groove pattern capable of effectively
controlling the flow of a slﬁfry. In accordance with the

method for forming perforations using perforating pins,

the perforations have a fixed shape. Since the holes
have a simple and fixed pattern, it is difficult to
15 arrange them to have diverse hole patterns desired in a

CMP process.

In order to solve such problems, accordingly, it is
necessary to design the shape, density and distribution
of grooves or holes, taking into consideratioﬁ the given

20 polishing process conditions such as centrifugal force
and wafer position.

Disclosure of the Invention
Therefore, an object of the invention is to provide
a CMP pad for a CMP process which is formed with holes,
25 grooves or a combination thereof capable of retarding the
discharge rate of a slurry supplied onto a polishing
surface while uniformly distributing the slurry over the
polishing surface.
Another object of the invention is to provide a CMP



‘whi | e bei ng spaced apart from one another. These grooves may be uniformy

* spaced apart from one another by a predeterm ned distance. Alternatively,
the grooves may be regularly or irregularly arranged while being 10
uniformy i formy spaced apart from one another. Al so, the grooves
may have d???gggﬁﬁﬂhepths, widths, or |engths, respectiveP§GTRRYIIAeE 'y,
each groove may have a rectangul ar cross-sectional shape. O course, each
groove may have ot her cross-sectional shapes, for 15 exanple, an inverted
triangul ar shape. Alternatively, a plurality of holes, which have a desired
depth and dianeter, may be arranged to have a uniform space between the
centers of adjacent ones thereof in accordance with the present invention.
Where 20 the space between adjacent holes is smaller than radius of the

hol es, the hol es have a continuous arrangenent. The space between adj acent
hol es can be adjusted to be increased or reduced. In addition, the
pol i shing pad t r.as i io have hol e groups each having at
25 |l east two h ngqgggggd%g%gr?¥$§%h1 5%%?%ﬁkﬁﬁ Hy“R ‘Eﬁ%ﬁ@e reet |
this case, the 935PRLEr Gpeifagtbeekerenmollingahed ol efbei g wrmiyf or ni y
sE_aced apart hf rsan@sph lmmedam&aﬂhé))poaidﬁ&hg ?hﬂ@&aﬂgeagé%%zpﬁgc%ﬁf.rl) . In
this case, the holes Y. nQn-.uni f.or space art from one
another, as in the %§§§§%k§§F§§? PHERG 1S, P BaR oY 3 A8 VERE R0y /92365 hol es
may have oﬁffeP@ﬁ?cgépFﬁé,a@?%J@ﬂ@ﬁ by phaptding e (iR ipasl ysedn for
accoLdaPce mgtb e ptesesﬁ,iﬁh@i&%dmhlpauﬁamgtpaéfanﬁéeﬁﬁﬁﬁﬁﬂd%@@lgéooves
may be formed. i of_ hal es _an rooves may include

conbi nat i ons ofzgﬁogeggggngg%%ﬁ%? 5@?3@ 8Fv3rggﬁkﬁﬁq%¥ﬂgﬁj¥ﬁﬁpgi§Fethe
pol i shing pad &PriRd akexarnlijsthiagt senfany dfatbeapadnber of different

patterns each fornmed by a conbination of holes and grooves. For exanple,

hol es each having a esi red. depth di anet er and grooves each having a
desired (égft h, W dt kﬁjrqae(r%dﬁfeaﬁﬁ%%t% ‘%ggg t@’?%"%&r}sqsy arranged whil e being

spaced apétt from ofédanotlheris Each sghematicfovimd billgrssoeeinghokks or a
combi nation thebadigheitForh SONGERYHEEaL €GP CradRIAOUSN O 28 %RITRLRSHYT Such

a concentric cir formed b roove 3§4es, r_a conmbi nation theréof are
i |lustrated inmﬁgégq EE%%%%W%@,%PéEBeﬁﬁ? E&maﬁﬁbgeGa shows a concentric
circle forned by a fdligraki g af sgheratds dewndlhustesitriody wihdt koabdpt engt h
20 whil e bei ngognifempietsaced apart from one anot her.
15 Fig. 3a is a schematic view illustrating a
polishing pad formed with grooves respectively having the
form of concentric circles;
Fig. 3b is a cross-sectional view taken along the
line A - A of Fig. 3a;

20 Fig. 4a is a schematic view illustrating a
polishing pad formed with holes having a conventional
structure;

Fig. 4b is a cross-sectional view illustrating
holes shown in Fig. d4a;

25 Fig. 5 is a schematic view illustrating diverse
shapes of grooves, holes or combinations thereof formed
in accordance with the present invention;

Figs. 6a to 6d are schematic views illustrating
various examples of a concentric circle formed by



.Fig.- 6b shows a concentric circle formed by a plurality of holes having a

* desired width and length while being uniformy spaced apart from one

anot her. Figs. 6¢c and 6d show concentric circles each fornmed by a
combi nat i onygf rooves and hol es, respectively. In the_concentric circle
of Fig. 60?”8?%%@%% and holes are regularly arranged in sPEHKROYO4SS; on t hat
one groove alternates with one hole while being uniformy spaced apart from
one another. In the concentric circles of Fig. 6d, grooves 30 and holes are
regularly arranged in such a fashion that 10 WO 03/017348 PCT/ KROL/ 01465
two holes alternate with one groove while being uniformy spaced apart from
one anot her. The concentric circles respectively shown in Figs. 6a to 6d
are only for illustrative purposes. In 5 accordance with the present
invention, it is possible to formconcentric circles having diverse
patterns each conposed of holes, grooves or a conbination thereof having

di ver se shapes t a t he .present inyention may he 10 forned
‘with a pIuraIPf%Qg?skxﬂgiggyffg gi?é?%%p%)l?ﬂ %$8F88¥’df%ﬁﬁﬁ?£%¥eg¥éh havi ng
grooves, holes, or &ifonfi Aft Rofcheratdss view dddustinatingia tpalishpngsent

g gven_ti oln, thgpaom@ﬁﬁrﬂj @ qilru@laﬁt§Oéﬂwbm:g:hﬂfp@hEébéé‘%fﬁ@%f’ﬁ%eh@ve 15

i dentical or tter cONPQSE ..grooves, holes, or a

conbi nation thlej;%rg%sé%ﬁ g%,ct.h[ ﬁgagg’%%gn fr)lrggp urrgﬁégg B3{RF 7t he same pattern
at a certain regi onFdg-t Belpofi sphemptiad Wi élhustnatihd fameitispanger ns at

ot her regions.p2@ whecks pis elbeildereindd] 8G8Nka8PALeRddi dnLidddehalyehged on

t he polishing pa i form or._nonuni form p,.the ciyrcle space may
vary graduallygiﬁlgg%%ﬁﬁﬁﬁg% QSQQ$qFﬁéCCFF5Fge?aﬁ ué?fiﬁﬁeQ£«§ﬁﬂm§FeFﬁe :
circle space nayChecnnnss of pepleralftromit heleentamh 25 portion to the
peripheral portion gfigkhe SJOhh§'hi1|rng ,pﬁ%i %Fggapgé ng,iieggelr%r?éogggggﬂi onaLI
to an ingrease, £ ra . Fig. illustrates a pol.ishing pad_ forme
with a pﬁlg)r al i %/ﬂ‘b%“(’:agnlcé’n_t ﬁb't:bsciprac es & lhdi YRBE: @ amiErLisy oath

havi ng a pl ur afPRGeRIfriy| @istclies taff sdickfsrenthalibmeters each composed

of grooves, holes, or a combination thereof.

Best Mode for Carrying Out the Invention
Now, the present invention will be described in
15 detail in terms of its constitution and function, with
reference to the annexed drawings.
In accordance with the present invention, a CMP pad
is provided which has, at a polishing surface thereof, a
plurality of concentric circles each having grooves,
20 holes, or a combination thereof. Referring to Fig. 5,
diverse shapesl of such grooves, holes or combinations
thereof arranged in the form of a concentric circle in
accordance with the present invention are illustrated.
In accordance with the present invention,
25 continuous grooves each having a desired width and a
desired depth may be formed to have the form of
concentric circles, respectively. Such continuous
grooves are disclosed in U.S. Patent No. 5,984,769. 1In
the case of a polishing pad disclosed in U.S. Patent No.



‘WO 031 017348 PCTI KR01/ 01465 hol es of the concentric circles have the sane

" dianeter and the sanme hol e space. The concentric circles also have the sane
circle space. O course, various nodifications are possible by adjusting

t he dept h, ! er, or space of the holes form ng each_concentric circle
or the ciré?gq§%g§%, t hereby varying the hole pattern of ¥ﬁBKBﬁWP§ﬁing pad.
In accordance with the present invention, the polishing pad nay be divi ded
into a plurality of radial 10 regions. Referring to Fig. 8, a polishing pad
is illustrated which is divided into two radi al regions. Each radial region
of the polishing pad may be formed with a plurality of concentric circles
havi ng different dianmeters while having the sanme pattern. The 15 radi al
regions may have different patterns or different depths, wi dths or spaces
of grooves or holes. For exanple, the polishing pad may be divided into
inner and outer radial regions respectively defined at apposite sides of a

circle having i ro. The inner 20.radial_region has a radius snaller
than the radi uéfégg’(?é%’ r8) I%huerragégyt HeE oﬂpéfo’f'%h?als"fa&ﬁaoﬁ%nérllﬁdi us

| arger than théiradlas greques>are) foxmash of the inner and outer radial
regions is formed wirnh capeepdsnde Ci ahkas haneng giddafent iradinkiwhil e

bei ng conposeddggcgg%fgnﬂgyin othe 25 i me di ameter ,and the sane hol e
space. The outer-radial Tegifoncray Ragd VY6t iFeg Et8r gRRtRol e
space t ha® t hodadoflengéhi maar beadfarmedgibich Frygs. regaddrl) idrkrastedt e

enbodi ment s of whilee PE&ESANsPalR@NhpAPL AEEAF ioMe Bnik hBr CVRALS or med
30 with a pIurintﬁﬁgf coiggtricbciéiles of §§Pfereﬁt 12 WE?%%P8%7348

PCTI KROl / 01465™3Y amst PRI HA g §PoTes 2PABE e X8y A% oRBPREEF oM hdr eof .
I n either caseprédtesrming/dordigitences cadtbendbively t othavgrdbves smapatt erns

capabl e of optpgal lggueetipg bhe 5§ GeysiaPo) i ShEPOhPIPCEFRI FONLLLRYS-
10 uniformly or non-uniformly spaced apart from one another.
Also, the grooves may have different depths, widths, or
lengths, respectively. Typically, each groove may have a

rectangular cross-sectional shape. Of course, each
groove may have other cross-sectional shapes, for
15 example, an inverted triangular shape.

Alternatively, a plurality of holes, which have a

desired depth and diameter, may be arranged to have a
uniform space between the centers of adjacent ones
thereof in accordance with the present invention. Where

20 the space between adjacent holes is smaller than radius
of the holes, the holes have a continuous arrangement.

The space between adjacent holes can be adjusted to be
increased or reduced. In addition, the polishing pad of

the present invention may have hole groups each having at

25 least two holes spaced apart from each other by a
distance of rl. 1In this case, the hole groups may be
regularly arranged while being uniformly spaced apart

from one another by a desired distance of r2 (r2 > rl).

In this case, the holes may also be non-uniformly spaced

30 apart from one another, as in the grooves. Also, the



" Preferably, the formation of holes, grooves or a conmbination thereof is
achi eved using a | aser nmachi ning process. The | aser nachini ng process

provi des advantages in that it is capable of precisely machining holes or
10 grooves L conplicated structure, naking the holes and/or grooves
have a smc}?ﬁ}‘%/ﬁg:’é'? surface, and easily adjusting the shaffd/KR1465and
depth of the holes and/or grooves. O course, the nmachining of holes,
grooves or a 15 conbination thereof may be achieved by a cutting or nmilling
process using nechanical neans in accordance with the present invention.

Al so, the machining process may be achi eved using a conbination of a |aser
machi ni ng met hod and a nmechani cal machi ning nmethod. 20 I ndustri al
Applicability As apparent fromthe above description, the present invention
provi des a polishing pad for a CWP process which is formed with hol es,
grooves or a conbination thereof having diverse shapes, sizes; and patterns

whi | e 25 bei ng, capabl e of retar,di t he discharge rate of a slurry supplied
onto a poIishiﬂﬁfgﬂrpﬁxepaaﬁiF%&#%%eBFSFFPEUPinGlﬁﬁétgFﬁerrow@ﬁpﬁhe

pol i shing surfaespectidredif.ectively controlling the flow of the slurry

during the CVP process, I t abl vy, maicptai nj desir olishing rate
and 13 WO 031 01734 ,Pé??%rggygi46%hgghig@%nge%ﬁgfﬁﬁroéggggFg%%kiz%tion.
Al t hough the pfeFettEd BhbBti MRS ANG herPeNRsht B ksvefemad . di sEhesed f or

i | lustratidve poemobedtion ednphobesi and vgtdoveshahy andlede HOMIQaRALAST N
formed on a 5 89'E§5%6KhFE%hUﬁéikéfhébe§°J¥ :;pgg@%§%agzhgé$€th the art

w | appreciatg t atbggéious npdi fi cat1 ons, additi‘ons an uft ons are

possi bl e, withbl B8 R PRAMCEnEhEc Reesend shivention ey imakmtéaon as
di scl osed in tivenzecafpaiyfifegent apattertd kdch YOrM34 Oy A &ombination

of holes and grooves. For example, holes each having a
10 desired depth and diameter and grooves each having a
desired depth, width, and length may be alternately
arranged while being spaced apart from one another.
Each pattern formed by grooves, holes or a
combination thereof forms a concentric circle. Various
15 examples of such a concentric circle formed by grooves,
holes, or a combination thereof are illustrated in Figs.
6éa to 6d, respectively.
Fig. 6a  shows a concentric circle formed by a
plurality of grooves having a desired width and length
20 while being uniformly spaced apart from one another.
Fig. 6b shows a concentric circle formed by a plurality
of holes having a desired width and length while being
uniformly spaced apart from one another. Figs. 6c and 6d
show concentric circles each formed by a combination of
25 grooves and holes, respectively. In the concentric
circle of Fig. 6c, grooves and holes are regulariy
arranged in such a fashion that one groove alternates
with one hole while being uniformly spaced apart from one
another. In the concentric circles of Fig. 6d, grooves
30 and holes are regularly arranged in such a fashion that

10



.Clainms PCT/KRO1/ 01465 1. A chem cal nechanical polishing pad used for a
chem cal nechani cal polishing process, wherein a plurality of concentric
circles each having grooves, 5 holes, or a conbination thereof are forned
at a pO|IShIn surface of the pad. 2. The chem cal. nmechani cal polishing
pad accordfwa P8 483 m 1, wherein each of the concentric BSVERMOAS 3
plurality of discontinuous grooves arranged to be spaced 10 apart from one
anot her, each of the grooves having a desired depth, a desired width, and a
desired length. 3. The chem cal nechanical polishing pad according to claim
2, wherein the grooves are different in at |east one of their depth, wdth,
and | ength. 15 4. The chem cal nechanical polishing pad according to claim
2, wherein the space defined between adjacent ones of the grooves is

uni formor non-uniform 5. The chem cal mechani cal polishing pad according
to claim1, wherein each of the concentric circles has a 20 plurality of

hol es arranged to ge sgaced apart from one another, each of the holes
having a desi r éCdEPLRS aRHCSE WEDJPREedEROVE While PRERY cutifaratani cal
pol i shing pad apeced agat®o £fem mone, anbehern the holes are different in at

east 15" W0 03/ 017445 EETLdcbl) (465,0neq Blod el oy Wl o amoter

and their space defined between acent ones # cal
mechani cal poHQﬂm &g p&d a%E%rdVH@’té°ElaFﬁ%ﬁ?tWﬁR%W§ npé§EH56§ theIn

concentri c5ci r doepridasca ﬁltlmnﬂ:henagnmnmf ihokesidmyig s desigiededept h, a
desired dianet %rmanéo@c&?égd{ géfgs GVARE DENGAR AkReedls Ollaayl het eof

and grooves having a desire desire eS|re ength,
the hol es and §P889&8dpeling hé’llﬁérna‘lré’l%)’e&rraﬁgeﬁj WePAnpbioy Sheree

having diverse shapes.
Thus, the CMP pad of the present invention may be

10 formed ‘with a plurality of concentric circles of
different diameters each having grooves, holes, or a
combination thereof.

In accordance with the present invention, the
concentric circles formed on the polishing pad may have

15 identical or different patterns each composed of grooves,
holes, or a combination thereof. Also, the concentric
circles may have the same pattern at a certain region of
the polishing pad while having different patterns at
other regions.

20 The space between adjacent concentric circles
formed on the polishing pad may be uniform or non-
uniform. Also, the circle space may vary gradually in
accordance with the c¢ircle radius. For example, the
circle space may be gradually reduced from the central

25 portion to the peripheral portion of the polishing pad
while being inversely proportional to an increase in
circle radius.

Fig. 7 illustrates a polishing pad formed with a
plurality of concentric circles of different diameters

30 each having a plurality of holes. In this case, the

11 ;



.10 apart fromone another to alternate at |east one of the holes with one
- of the grooves. 8. The chem cal nechani cal polishing pad according to any
one of clainms 1 to 7, wherein the concentric circles are uniformy spaced
apart from her. 15 9. The chem cal mechanical polishin ad
accor di ng {@Bﬁﬂﬁﬂg e of claims 1 to 7, wherein the concen??VFR%Wﬁﬁﬁes are
non-uni formy spaced apart from one another so that the space defined

bet ween adj acent ones of the concentric circles is gradually reduced froma
central 20 portion of the pad to a peripheral portion of the pad. 10. The
chem cal mechani cal polishing pad according to any one of clainms 1 to 7,
wherein the grooves, holes, or conbination thereof are machined by a | aser.
11. A chem cal nechani cal polishing pad used for a 25 chenical mnechanica
pol i shing process, the pad being 16 WD 03/017348 PCT/ KRO1/ 01465 di vi ded
into at least two radial regions each formed with a plurality of concentric
circles f diffg&gnt dianeters having the same pattern of grooves holes or a

conbi nation t h8Pe6F, OfhdFatTRIIP UL SHeR1sP DR¥Sr ddhealsaper dhidgeseBeing
di fferent fromahdh et tsames bblé hepreeni niThg radicentrégi aiscldésd. aAsehen cal

mechani cal pol habkng:Rad 4ssd fenraichegheal, mechani caly gl i shiggocess,
t he pad bei ng dleged into at |least two _radjal regions eac formed with 10
a plurality of ™af; b?‘?ﬁ{/]’%a(?éif cARSSIPLRC BYr cPE3UBFLRG f fidieentieditlnet er s

each havirg : gdéemeser hobesspaca ofnbheahbbest ferreiig édeh spacenetveen
adj acent ones @fi,bhe GANCERLT G C1ECIGadeh Qatdydby té?aersyl?{y afnL eghbyas being

different fromthose of he remainin ra(fl al 15 regions.
. A3NL. A9. Aar . APRERFTALCT Aje ROIASRAPIAPEAA AaL. A _AuL. AuL. AuL. A

L@di v49GVkp} ! 1! | 9# I0F acrdagtai dwiMSU| cald] c preakna] canfeaa]ioa)] cabkcal cal ¢
] T
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depths, widths or spaces of grooves or holes.

For example, the polishing pad may be divided into
inner and outer radial regions respectively defined at
opposite sides of a circle having a radius ry. The inner

20 radial region has a radius smaller than the radius ry (r
< ro) whereas the outer radial region has a radius larger
than the radius rg (r > rg). Each of the inner and outer
radial regions is formed with concentric circles having
different radil while being composed of holes having the

25 same diameter and the same hole space. The outer radial
region may have a larger hole diameter and hole space
than those of the inner radial region.

Figs. 9 and 10 illustrate embodiments of the
present invention associated with CMP pads each formed

30 with a plurality of concentric circles of different

12
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diameters having grooves, holes, or a combination
thereof.

In either case, holes and/or grooves can be formed
to have diverse patterns capable of optimally meeting the

5 given polishing process conditions.

Preferably, the formation of holes, grooves or a
combination thereof is achieved using a laser machining
process. The laser machining process provides advantages
in that it is capable of precisely machining holes or

10 grooves having a complicated structure, making the holes
and/or grooves have a smooth inner surface, and easily
adjusting the shape, size, and depth of the holes and/or
grooves. '

Of course, the machining of holes, grooves or a

15 combination thereof may be achieved by a cutting or
milling process using mechanical means in accordance with
the present invention. Also, the machining process may
be achieved using a combination of a laser machining
method and a mechanical machining method.

20 Industrial Applicability
As apparent from the above description, the present
invention provides a polishing pad for a CMP process
which is formed with holes, grooves or a combination
thereof having diverse shapes, sizes, and patterns while
25 being capable of retarding the discharge rate of a slurry
supplied onto a polishing surface, uniformly distributing
the slurry over the polishing surface, and effectively
controlling the flow of the slurry during the CMP process,
thereby stably maintaining a desired polishing rate and

13
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achieving an improved planarization.

Although the preferred embodiments of the invention
have been disclosed for illustrative purposes in
conjunction with a hole and/or groove pattern formed on a

5 polishing pad used in a CMP process, those skilled in the
art will appreciate that various modifications, additions
and substitutions are possible, without departing from
the scope and spirit of the invention as disclosed in the
accompanying claims.

10
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1. A chemical mechanical polishing pad used for a

chemical mechanical polishing process, wherein a

plurality of concentric circles each having grooves,

5 holes, or a combination thereof are formed at a polishing
surface of the pad.

2. The chemical mechanical polishing pad according

to claim 1, wherein each of the concentric circles has a

plurality of discontinuous grooves arranged to be spaced

10 apart from one another, each of the grooves having a
desired depth, a desired width, and a desired length.

3. The chemical mechanical polishing pad according
to claim 2, wherein the grooves are different in at least
one of their depth, width, and length.

15 4. The chemical mechanical polishing pad according
to claim 2, wherein the space defined between adjacent
ones of the grooves is uniform or non-uniform.

5. The chemical mechanical polishing pad according

to claim 1, wherein each of the concentric circles has a

20 plurality of holes arranged to be spaced apart from one

another, each of the holes having a desired depth and a
desired diameter.

6. The chemical mechanical polishing pad according
to claim 5, wherein the holes are different in at least

15
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ne of their epth, their diameter, and their space

defined between adjacent ones thereof.

7. The chemical mechanical polishing pad according

to claim 1, wherein each of the concentric circles has a

5 combination of holes having a desired depth, a desired

diameter, and a desired space defined between adjacent

ones thereof and grooves having a desired depth, a

desired width, and a desired length, the holes and

grooves being alternately arranged while being spaced

10 apart from one another to alternate at least one of the
holes with one of the grooves.

8. The chemical mechanical polishing pad according
to any one of claims 1 to 7, wherein the concentric
circles are uniformly spaced apart from one another.

15 9. The chemical mechanical polishing pad according
to any one of claims 1 to 7, wherein the concentric
circles are non-uniformly spaced apart from one another
so that the space defined between adjacent ones of the
concentric circles is gradually reduced from a central

20 portion of the pad to a peripheral portion of the pad.

10. The chemical mechanical polishing pad according
to any one of claims 1 to 7, wherein the grooves, holes,
or combination thereof are machined by a laser.

11. A chemical mechanical polishing pad used for a
25 chemical mechanical polishing process, the pad being

16
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divided into at least two radial recions each formed with
a plurality of concentric circles .f different diameters
having the same pattern of arooves, holes or a
combination thereof, the pattern ¢f each of the radial

5 regions being different from the patterns of the
remaining radial regions.

12. A chemical mechanical poll.shing pad used for a
chemical mechanical polishing process, the pad being
divided intoc at least two radial regions each formed with

10 a plurality of uniformly spaced concentric circles of
different diameters each having grooves, holes or a
combination thereof, the space bet 'een adjacent ones of
the concentric circles in each ¢ the radial regions
being different from those of :he remaining radial

15 regions.
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