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PAD HAVI NG HOLES AND/ OR GROOVES Techni cal Field The present i hvERPIHary 2006
relates to a polishing pad 5 used in a chem cal mechanical polishing
process, a particularly to a chem cal nechanical polishing pad
formed at QQBO’ﬁg‘an surface thereof with a plurality of PCEERNEES] ¢
circles each having grooves, holes, or a conbination thereof. 10
Background Art Generally, chem cal nechanical. polishing (CW) is a high
precision/mrrored surface polishing nmethod used to obtain global

pl anari zation in a sem conductor device manufacturing process. In
accordance with such CW, 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

mechani cally polished. Referring to Fig. 1, a typical CMP machi ne, which

20 is denoted by the refer | IS henmatically illustrated.
Al so, a CWP net hod usi ng fﬁ@ﬁﬁﬁﬁﬂﬂﬁéfﬁﬁﬂﬁqu F@EEEH@W50¥¥5||y illustrated in
Fig. 2. The CWP nethod i ncl d#8&sNg BRlRA CAID/GRcBROGVERaActi on process and a

mechani cal polishing process, which are conducted using a 25 polishing pad

10 included in the 9¥$ﬁﬁ%%gi”$-1 dThe chem cal etching reaction is carried
out by a slurry 42. at |%, %ﬁ% slurry 42 serves to chenmically react with

the surface of a waflde 3oreserife potdrdtiod, ndietely twaki ngolishing pad

5 used in a chemical mechanical polishing process, and more
particularly to a chemical mechanical polishing pad
formed at a polishing surface thereof with a plurality of
concentric circles each having grooves, holes, or a
combination thereof.

10 Background Art
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
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 methed
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
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mechani cal polishing process, chem cal etching reaction, to be easily In

t he mechani I shing process, the 10, which is- fixedly nounted on a
pl at en The%&g?@?%gg, which is firmy held by a 32, rotafE¥KRAIN146S
oscillating. A slurry containing abrasive particles is supplied to the
polishing pad 10 by a slurry supply neans 40. The supplied slurry is

i ntroduced between the polishing pad 10 10 and the wafer 30. The introduced
abrasive particles cone into frictional contact wwth the wafer 30 by
virtue of arelative rotating speed difference between the polishing pad
10 and the wafer 30, so that they conduct mechanical polishing. The slurry
42 is a colloidal 15 liquid containing abrasive particles having a grain
size of nanoneters. This slurry 42 is spread on the polishing pad 10

during the poli,shin rrocess.. As the polishin pad 10 rotates during the
pol i shi ng procé%s,E%ﬁ%lgﬁﬁrrf°r4239ﬁppWF€Ba96g?%e pelighing JEPcEGSi s

outwardly 20 difsdRawged fuhem thmnimerli phisrhingf témctpialn,shiagbpadakdigue

carried out. In the mechanical polishing process, the
polishing pad 10, which is fixedly mounted on a platen

5 20, rotates. The wafer 30, which is firmly held by a
retainer ring 32, rotates while oscillating. A slurry
containing abrasive particles is supplied to the
polishing pad 10 by a slurry supply means 40. The
supplied slurry is introduced between the polishing pad

10 10 and the wafer 30. The introduced abrasive particles
come into frictional contact with the wafer 30 by virtue

of a relative rotating speed difference between the
polishing pad 10 and the wafer 30, so 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 pelishing 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




to a-centrifugal force caused by the rotation of the polishin e%glo'
order ‘to- achi eve an enhanced polishing efficiency, many abrasi%(%'fjl P?ﬂbé@%ﬁ

should remain for a desirable I engthy period of time on the 25 upper

surface of i,shing pad 10 so that they participate in the polishing
of the waf er.eufﬁgt“%ss, the polishing pad 10 shoul d make PREERIIRIGS 42 be
held on the surface thereof for as long a period of tinme as possible.
Centrifugal force generated during the rotation of 30 the CWP pad is

hi gher at a position nearer to the 2 15 February 2006 WO 03/017348
PCTJKRQJ/ 01465 periphery of the polishing pad.- Due to such a centrifugal
force difference between different radial 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-uniformy distributed in the radial direction of the polishing pad.

Due to such a - Lformdistribution of the slurry, the wafer is non-
uni formy poIiEﬁgapggkgusgkitgg%ong%ﬁ%duﬁhtémpz'var%&ﬁ 16°deS8R8i ng on a
radi al positiofeatriRedpbl ifonicag ghkfgnenceonieitean t Hifferenf ertasiisir f ace.
Such a vari ati @osiBions! iehi nher abe18bheed S gdie phavarszatipn f thg wafer,
As a result, t%%l??ﬁiﬁ&"'ﬁ%dpag ﬁatﬂéﬁ ts a.conside&agéf difference in
pol i shing rat e between®i €5 centrar- por t1on 3 °858% t5 Per FhEr A5 pdFti on
For this reasoRAppreaghes nigve smiphesy upf forarineldisstingbped. t Hehwsd, uthy over

t he slurry is non-uniformly distributed in the radial
direction of the polishing pad. Due to such a non-
uniform distribution of the slurry, the wafer is non-
uniformly polished because its polishing rate is varied

10 depending on a radial position of the polishing pad in
contact with the wafer’s surface. Such a wariation in
polishing rate affects the planarization of the wafer.
As a result, the polishing pad exhibits a considerable
difference in polishing rate between its central portion

15 and 1its peripheral portion. For this reason, it is
necessary to uniformly distribute the slurry over the
polishing pad by controlling the flow of slurry on the
polishing pad.

buring the polishing process, the wafer is pressed

20 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. &as 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




pol ishing pad by controlling the flow of slurry on the pollsh a
During the polishing process, the wafer is pressed 20 against SﬁgﬁauaryZOOG
polishing pad so that it cones into frictional contact with abrasive
particles. {JQsb % pressure, however, it may be difficult for the
slurry to reach the central portion of the wafer. For thFSTEBAYYASS the
slurry may be distributed at the central portion of 25 the wafer in a
relatively reduced anount, as conpared to the anount at the peripheral
portion of the wafer. As a result, the wafer is non-uniformy polished. In
order to solve such a problem a nethod has been proposed, in which holes
or grooves having-a desired 30 width, depth and shape are forned on a CWP
pad. Such 3 15 February 2006 WD 03/ 017348 PCT/ KR0O1/ 01465 hol es or grooves
act to control the flow and distribution of the slurry continuously
supplied during the polishing process Now,. holes or grooves

conventional ly fgrnegron hlng E%éﬁ e described in

conj unction wi PRTEReT aFH %?%f &F& ﬁgg °§ gRfeft Rt R
illustrating aOfpéhﬁsﬁﬂﬁgrbagomtwnnnﬁamwthugpéme@sduetmgcthemﬁqaﬂﬁwﬂn@g t he
form of concenpkbeesslcles. Fig. 3b is a cross-sectional 10 view taken
along the line A -- shown in Figs. 3a and 3b, the grooves

m@ of Fi%; 3a.
formed on the polishAi%Ny gE4=hale gﬁgoY%ﬁnFBPV%ﬁﬁ&ﬁﬂﬁ%%%:Eﬁ?%?%so%n?forn1y
spaced apart Pbpdhslirs anad heill npa dasimibed] riectdamn wkitienharitAg the

annexed drawings,

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

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 pelishing
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.




different diameters, respectively. The slurry, which is 15 contj usl
suppli'ed onto the polishing pad, is forced to nove outwardly gg,’]*;e%rua}‘yzooe

centrifugal force generated as the polishing pad rotates. As a result,

during the welessisg0 process, the slurry is tenporarily collected in the
concentric circular grooves, and then outwardly 20 di schaPgEERI¥UMSt hose
grooves. An exanple 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
regi ons where grooves having different widths and different |lengths are
formed, respectively. However, such a polishing pad having circular or
spiral grooves cannot neet various conditions required in a CVP process
because it has a fixed pattern 30 forned only of grooves. 4 15 February

2006 WO 03/017348 PGH/KR01/01 Fi g. i.S.a schemati.c viewillustrating a
pol i shing pad ngémad vg\]/thh Yol Ae]iSSSha%/i nSé%m(%ﬁ\‘/:entvilgﬂ’al tishEtttd Frg. 4b

is a cross-secPPOMIMRT eRAdi ITFBeAatiitg Hivkes shewng naFigpnvéatibnal he .
polishing 5 padtohctuge. 4a, @Fipl.uratbtyief hol egrakg-seou] &idwy @{é‘gnged.
The hol es arrangedsop, i.shi ad, store slurry supplied thereto,
t hereby r tardina 3 di§%ﬁ%?§%h§%f£@%e g?br%HJSIﬁ?Ty %%u§gﬁ Beldehing f ugal
force. U S PREEnt°MNoFig: 858,312 dvdaddéy sopohicshsngepad rhgubedly

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, Alsc, U.S. Patént 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 1is
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 circular grooves, a
superior slurry storage capacity is obtained because each
30 groove has a partially closed structure having vertical

5




10 with grooves at a first surface thereof serving as a polishi surf
t'o polish an object and grooves at a second surface fixedly n@gﬁﬁgﬁﬂgg?gSOB

platen in such a fashion that the grooves fornmed at the second surface
have a Iargﬁ,bﬁ'g}o;ﬁ%ﬂt han the grooves formed at the first 15 surface. Al so,
U.S. Patent No. 5,329,734 discloses a polishing pad havi RgT/ER§¥HEES 1 egi on
formed wwth a plurality of pores and a second region fornmed with a
plurality of openings. In the case of the conventional polishing pad 20
havi ng grooves or holes uniformy spaced apart fromone another, the
slurry supplied onto the polishing pad is hindered fromflow ng 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

circul ar groov 3 rior_slurry storage capacjty is obtained because
o) 3 ]
each 30 groove has a partial Faﬁ% %%e %st?% Jlﬂlé’ghaW% LY cath 5ths
g part y : g -
February 2006 WOCO3FE0#¥348sSPCTLRROLf0aalb5Lgronyeanakbapaapabke eftheet ai ni ng
the slurry in bbﬁvegtﬂ@wa;qgﬂﬁ@&ﬁngeﬂéﬂéfUQﬁMeE@EPEth§§d39ﬂH§ﬁ%Q ngothep
conventional pglLishing pads, Howeyer. this polishing pad  has a’drawback in
that each groové hds an i ASUf ficient 5 alptH C3er é’sa%orf’d} nt ¥ firaest t he
t hi ckness “bf tH&Pth corresponding to 1/4 of the thickness of the
polishing pad.
Since the grooves or holes formed on the above
mentioned conventional polishing pads have a fixed
_ pattern such as cencentric cirecles or a lattice, it is
10 difficult to form a groove pattern capable of effectively
controlling the flow of a slurry. 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 consideration 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 pelishing
surface while uniformly distributing the slurry over the
polishing surface,
Another object of the invention is to provide a CMP




polishin ad. Since the grooves or holes forned on the above tioned
gonveﬁtigngl pol i shing pads have a fixed pattern such as ConcgﬁﬁﬂﬂguaryZOOG
circles or a lattice, it is 10 difficult to forma groove gattern_fﬁpgﬁle

of effectiv rolling the flow of a slurry. In accordance w the

met hod for ornlﬁém%erforations using perforating pins, FPREKBEH4Sations
have a fixed shape. Since the holes have a sinple and fixed pattern, it is
difficult to 15 arrange themto have diverse hole patterns desired in a

CWP process. In order to solve such problens, accordingly, it is necessary
to design the shape, density and distribution of grooves or holes, taking
into consideration 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 CW pad for a CWP
process-which is formed with holes, 25 grooves or a conbi nation thereof

capabl e of ret j i.schar rage of a.slurr supplied onto a
pol i shi ng sur?%%%qaﬁ%Fﬁ'%H?ﬁo%ﬁ?%sdlgf??%ﬁﬁ{%@_?hé?%? Ty By dierre s
pol i shing surf &&@3PARorRercidpretvely eontrodiénti shei £lbw pifow dduargVP 6 15
February 2006 \Hﬁp@aﬁ.@aﬂ?BﬁBoleEH@B@lf;?iﬂ@ﬁ;&?@u&@h?ﬁgl?ﬁﬁ rbj{ghge i‘ogvr g?v:s or
a conbi nation thereo C ef.fective confrollin e
slurry s%?plied_ontgntﬁgg%%ﬁggﬁ%nénﬁ:d Wi i é@eig?ﬁleBV8gE§%9' these
objects are accomplished by providing a CMP pad used for
a CMP process, wherein a plurality of concentric circles
each having grooves, holes, or a combination thereof are

formed at a polishing surface of the pad.

Brief Description of the Drawings

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

Fig. 2 is a schematic view illustrating the concept
of a CMP method:;

15 Fig. 3a 1is a schematic view illustrating a
polishing pad formed with grooves respectively having the
form of concentric circles; '

Fig. 3b 1s a cross-sectional view taken along the
line A - A of Fig. 3a;

20 Fig. d4a 1is a schematic view illustrating a
polishing pad formed with holes having a conventional
structure; ,

Fig. 4b 1s a cross-sectional view illustrating
holes shown in Fig. 4a;

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 Fformed by




I'n accordance with the present invention, these 5 objects arey

by préviding a CWP pad used for a CVP process, wherein a pIura |ty 0
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is a schematic viewillustrating the

typi cal CWP nachlne and a polishing nethod perfornmed using the CVP
2 is a schematic viewillustrating the concept of a CW

met hod; 15 Fig. 3a is a schematic viewillustrating a polishing pad forned
wi th grooves respectively having the formof concentric circles; Fig. 3b
is a cross-sectional viewtaken along the line A-- Aof Fig. 3a; 20 Fig.
4a is a schematic viewillustrating a polishing pad formed with hol es
havi ng a conventional structure; Fig. 4b is a cross-sectional view
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illustrating
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Fig. 8 is a schematic view illustratin& a polishing
pad which is divided into two radial regions each having
a plurality of concentric circles of different diameters
each composed of a plurality of holes; and

Figs. 9 and 10 are schematic views respectively
illustrating CMP pads each having a plurality of
concentric circles of different diameters each composed
of grooves, holes, or a combination thereof.

Best Mode for Carrying QOut the Invention

Now, the present invention will be described in
detall 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,
holes, or a combination thereof. Referring to Fig. 5,
diverse shapes' 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,
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.8. Patent No. 5,984,769. 1In
the case of a pelishing pad disclosed in U.S. Patent No.



Fig.*7 is a schematic view illustrating a polishing pad having '
of concentric circles of different dianeters each conposed of1§%HSP§H?§°6
of holes; 5 Fig. 8 is a schematic viewillustrating a polishing pad which

i s divided wateanj»s, radi al regions each having a plurali%?n%ﬁpﬁﬁ% entric
circles of different dianmeters each conposed of a plurality o es; and

Figs. 9 and 10 are schematic views respectively 10 illustrating CVP pads
each having a plurality of <concentric circles of different dianeters each
conposed of grooves, holes, or a conbination thereof. Best Mde for
Carrying Qut the Invention Now, the present invention will be described in
15 detail in terns of its constitution and function, with reference to the
annexed draw ngs. In accordance with the present invention, a CVMP pad is
provi ded which has,, at a polishing surface thereof, a plurality of
concentric circles each having grooves, 20 holes, or a conbination thereof.

Referring to Fisgoga, 756i versg; of s e l.es.or cambi nations
t her eof arrangeg in the'for&?o agb nc%%t%%Efgﬁﬁgye%FﬁQ%gcég?léﬁ%gaﬁtklthe
present invent iCoRCHIBT | FTRRMGSaE]. TPAM®@cor dance with the present

invention, 25 contihuouscgbedurse eachithavi rhea dpsesedt W dirfvendoa,

desired depth e f C ri.cy,circle
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15 February 20@6ile being spaced apart from one another. These grooves
may be uniformly spaced apart from one another by a
predetermined distance. Alternatively, the grooves may
be regularly or irregularly arranged while being

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. In 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




WO 03/ 017348 PCT/ KROL/ 01455 5,984, 769, a plurality of un!forn1¥5§Q&ﬁﬁgp,2006
concentric circular grooves are forned. In accordance with the prese
i nvention, discontinuous grooves each having a desired width, depth 5 and
| engt h may d which are regularly arranged whil e bei ng spaced apart
from one aagﬁﬁ%?&g$hese grooves may be uniformy spaced BpHKROHMEM one
another by a predeterm ned distance. Alternatively, the grooves may be
regularly or irregularly arranged while being 10 uniformy or non-uniformy
spaced apart from one another. Also, the grooves may have different
depths, widths, or |Ilengths, respectively. Typically, each groove nmay 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
di aneter, may be arranged to have a uniform space between the centers of

t he present invention. Were 20

adj acent ones hg?gge%f i é%pcqgg%?ce W t
the space between-adj"acent* ‘ol 1 e ral R B haif ERGEES 0Pt FeaR6Bes, the
hol es have a céﬁﬁpﬁgﬁnﬁﬁkMJaﬂgenent. The space between adjacent hol es can
be adjusted to be imcreaskdQhceedysed. Lt%eadgiﬂe'sgﬂt t*l%vgglc#grt" ng_pad of
t he present inyen 1on n%i hﬁngH%Ie qugs each having at gast two
hol es spaced ap8 _W%J'rﬂ al o BPRYehcBayf be1. feruachi s hse, the
hol e groups nayomblnatxﬁngnﬂ'woégsaﬂg@dgmdﬁﬁas beyngnubidercdnbispageds apart
fromone anothge Byodveeshh@dndistanseid d&dd Hdidtbrns\ N bhLs §ase. the
hol es may al so Qe noT:uQLforn1¥ spaced ‘ , ’
the polishing pad of the present invention may have a
number of different patterns each formed by a combination
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.
6a 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. Pigs. 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 regularly
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




.30 apart fromone another, as in the grooves. Al so, the 9 15 Fghr
WO 03/ 017348 PCT/ KRO1/ 01465 hol es may have different depths, dﬁgn%t%?—/‘gﬁpgr%
shapes, respectively. In accordance with the present invention, a
conbinatioqwg%ygg&&s and grooves nmay be formed. The 5 conbination of holes
and grooves may INhclude conbinations of grooves and hol esPPHERHPIHSver se
patterns. That is, the polishing pad of the present invention may have a
nunber of different patterns each formed by a conmbination of holes and
grooves. For exanple, holes each having a 10 desired depth and di aneter and
grooves each having a desired depth, width, and length may be alternately
arranged whil e being spaced apart from one another. Each pattern forned by
grooves, holes or a conbination thereof fornms a concentric circle. Various
15 exanpl es of such a concentric circle fornmed by grooves, holes, or a

conmbi nation thereof are illustrated in Figs. 6a to 6d, respectively. Fig.

6a. shows a concentric ciycle fornmed by a lurality of grooves having a

desired width and f‘%lrl@? P LtRrRate 81g8i?v1’be Lﬁﬁp@aﬁnﬁbliﬁa%ﬂcfl%ﬁﬁﬁfomém one

anot her. Fig. @Pa§hdeP%¢%dﬁ@@hancap¢tkﬂm§forned_by a plurality of holes

having a desired wi dith aRfhdedR@ih WhiéEedeiddhedtihbokMsyozRaGHd sgegr.t from
y a

one anot her. F% S. . 6¢C gnd 6d shqy/c ncentrjc circles each formed”l
conbi nati on of %5 §Pootds Hrd FE‘es, ?Esp%%iqﬁﬂﬂa$FVFn PHEPRYFRent r LB
circle of Fig. aeeorgeneyesittdndtslressant iegentardn, it is possible to
form concentric circles having diverse patterns each
composed of holes, grooves or a combination thereof
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. Alsc, the concentric
circles may have the same pattern at a certain region of
the polishing pad while having different patterns at
other regilons.

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 5




.arranged in such a fashion that one groove alternates wth on
beingguniforn1y spaced apart fromone another. In the concentﬁ?%%arp 2806
of Fig. 6d, grooves 30 and holes are regularly arranged in such a fashion

t hat 10 15 & gé 2006 WD 031017348 PCTI KROL/ 01465 two holes alternate
with one groove %e being uniformy spaced apart from BREKBWAH#E . 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 diverse shapes. Thus,
the CVP pad of the present invention may be 10 fornmed with a plurality of
concentric circles of different dianeters each having grooves, holes, or a
conbi nation thereof. In accordance with the present invention, the
concentric circles forned on the polishing pad may have 15 identical or

di fferent patt%rEs ea 1%{)rrposed %f groqvei, | es, a conbi nati on
thereof. Also &3cShcents | P EEs Ty -Rav aFﬁet§§m§ﬁ&%tq%ﬁWe§?ra
certain reglona@ﬂ thee puke shohg padcehni | Fhhaviongedictier edtrchatt atps at

ot her regions. ha@eThenspagambet W@@Blédl Qﬁ@&% CO“@E“ ré&u@erc' &ribQLmed on
rm A|SO eCII’C e space

t he polishing pa g ga%a e uniformor Qp- b

may vary graduaP Valy ﬁ?ﬁ%r&ﬁﬁéeﬁﬁqPﬁ ﬁﬁe Yrcﬁgj?%ﬁﬁQﬁ; e ERBREBle, the
diameter, or space of the holes forming each concentric
circle or the circle space, thereby varying the hole
pattern of the polishing pad.

In accordance with the present invention, the
polishing pad may be divided into a plurality of radial

10 regions. Referring to Fig. 8, a polishing pad is
illustrated which is divided into two radial regions.

Each radial regilon of the polishing pad may be
formed with a plurality of concentric circles having
different diameters while having the same pattern. The

15 radial regions may have different patterns or different
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 r; (r
< rg) whereas the outer radial region has a radius larger
than the radius o (r > ry). Each of the inner and outer
radial regions is formed with concentric circleé 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 assoclated with CMP pads each formed

30 with a plurality of concentric circles of different

12




.circle space may be gradually reduced fromthe central 25 porti 0 the
peri pheral portion of the polishing pad while being inversely1g?3%%P?ﬂb%%96
to an increase in circle radius. Fig. 7 illustrates a polishing pad forned
with a pl u‘%glo%%g’&f concentric circles of different dianmeters 30 each
having a plurality of holes. In this case, the 11 15 Febr BGFFRIGIEH WO

03/ 017348 PCT/ KR01/ 01465 hol es of the concentric circles have the sane
dianeter and the same hol e space. The concentric circles also have the
sanme circle- space. O course, various nodifications are possible by
adjusting the depth, 5 dianeter, or space of the holes form ng each
concentric <circle or the circle space, thereby varying the hole pattern

of the polishing pad. In accordance with the present invention, the
polishing pad may be divided into a plurality of radial 10 regions.

Referring to Fig. 8, a polishing pad is illustrated which is divided into
two radial regi ...Each radial region of the polishing pad y be forned
with a plurali tdq'gglfet%]é%cefﬁ?‘f%%g ci ¥ cfoe"éeshaviq?gesdi f f%8r e?ﬁ df ORhi | e

havi ng the sanm&bg&ee&rn. The 15 radi al regions may have different patterns

or different depthsin Wiidies Q&sépaﬁ6§e§faﬂdw?ﬁr ve@o'c%zt breorfo%mapl e,
0 adl al, redl ons

the polishing nghggg %f%éﬂg@ deg gnto | hner_ ar ter (
respectively défi Red-at " opposits §Pﬁe%?3é£zf €Er8pgl%%%i¥mﬁﬁf§%%% &8%ro0. The
i nner 20 radi algiveyi bal hedsing padicass seadidrionisan the radius ro (r
‘ 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




< r0) whereas the outer radial region has a radius |larger thaggt |
ro(r'>ro). Each of the inner and outer radial regions is fo?ﬁéﬁﬁﬁpgﬂ}2606
concentric circles having different radii while being conposed of hol es
havi ng the @8 ,s/¥5di aneter and the sane hol e space. The outer radial
region may have a larger hole dianmeter and hol e space thHTKRYL#M6f t he
inner radial region. Figs. 9 and 10 illustrate enbodi nents of the present
i nvention associated with CVWP pads each formed 30 with a plurality of
concentric circles of different 12 15 February 2006 WO 03/ 017348
PCT/ KROL/ 01465 di aneters havi ng grooves, holes, or a conbination thereof.
In either case, holes and/or grooves can be forned to have diverse
patterns capable of optimally neeting the 5 given polishing process
conditions. Preferably, the formation of holes, grooves or a conbination
t hereof is achieved using a |laser machining process. The |aser nmachining
process providgghfquyta es_in taat it i.s %agable of precisely machining
hol es or 10 grdoves havify *APESHHHi R %28 dRPure, making the hol es
and/ or grooves have?atbauoh htherere Tnrkdc embadinastss lof thej uavengidéme
shape, size, apgvélepbBenf Whachebes agdior 119n8E¥SES: v £Q é%esthen
machi ni ng of hol es r.ooves . or _a Sﬁﬁgﬂplnatlon t her eof e achi eved by
a cutting or TP YH lpornoc‘,"é§g aspﬂée &hi 8aPCRe RRL T PadesMadneR it h
the presefdt inpehisloimg MasbyuseHeinmez M pgoperesesshomy 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.

190
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be achi eved using a conbi nation of a |laser machining nethod ang%bNerZOOG
mechani cal machi ning nethod. 20 Industrial Applicability As apparent From
the above description, the present invention provides a polishing pad for

a CWP process which is fornmed with holes, grooves or a conbination

thereof having diverse shapes, sizes, and patterns while 25 being capable

of retarding the discharge rate of a slurry supplied onto a polishing
surface, unidiumrisy distributing the slurry over the polishing surface, and
effectively controlling the flow of the slurry during the CVP process,
thereby stably maintaining a desired polishing rate and 13 15 February 2006

WO 03/017348 P §§§g Levi L. npr,Qve | anari zat.i.on. Al t hough
t he preferrgd gﬁ%o |%%%%é%§¥%@%gﬁ¥h%g% |8HPPﬁgwggﬁggﬁma?g%ﬁgggﬂﬂ$ﬁ%’
illustrative pwheasespluraity 00 bjnoentric @lewieich tavik® kfoaR ok, gralolamg;i@a&ri ﬁr n
formed on a polishin d used. in a CVP _process, those skilled in the art
wi Il appreciat B9 d?egﬁﬁ%ﬁﬁ§‘ﬁ@@?¥ﬁ@§?F8ﬁ@?pﬁﬁ&Pqﬂ%ﬁ@“?ﬁﬂﬂm§ﬁﬁ§ﬁﬂpﬂtions_
are possible, WithAYtpAaPRhk E0Y ob SMthet NS GRREacR B inSPhdtlden g%jaéeﬁ't%nlesnvent Ion
as disclosed in the acconpanying clains. 10 14 15 February 2006 CLAI M5 1.

A cheni cal nechiatt cancepnt cadsnig grdeelly gpdugsbfipm sacestis rrioviah ofieishpedi o2

pol i shing proces: e| lurality of concentric circles each having
gr ooves, hoIes&Q%?ﬂ%%gﬁﬁﬁkﬁgﬁ?gn

2, The chemical mechanical polishing pad according to claim 1, wherein each of the
concentric circles has a plurality of discontinucus grooves arranged to be spaced 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.

4. The chemical mechanical polishing pad according to claim 1, wherein the grooves, holes,

or combination thereof are machined by a laser.

5. The chemical mechanical polishing pad according to claim 1, wherein each of the
concentric circles has a 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 respect of at least one dimension selected from the group consisting of their
depth and diameter, and the holes of at least one concentric circle are arranged so that the

space between adjacent holes is different from other spaces in the same concentric circle.

7. The chemical mechanical polishing pad according to claim 1, wherein each of the
concentric circles has a combination of holes having a desired depth, a desired diameter,

and a desired space defined between adjacent ones thereof and grooves having a desired
15 °




thereof are fornmed at a polishing surface of the pad, and the qgFehliahE2006
circles are non- uniformy spaced apart from one another so that the space
defi ned between adjacent ones of the concentric circles is gradually
reduced froma central portion of the pad to a peripheral portion of the
pad. 2. The chem cal nechanical polishing pad according to claim1l, wherein
each of the <concentric circles has a plurality of discontinuous grooves
arranged to bedspaeedsigRaniih, kdoMiQned anghh@E hoeasty %Boaeb%eigg eR¥eSIhavi ng a
desired depth, a desired width, and a desired length. 3. The chemcal
mechani cal pol #&¥HENgVIPEdeias sopadisngt frem enainether o\iianas # leasteong obthy dglesar e
different in at..] ¢ their depth, wdth, and length. 4. The

chem cal necha%F%a q%gﬁggﬂﬁ%g pad according to claim1, wherein the
grooves, holes, or conbination thereof are machined by a |l aser. 5. The
chem cal nmechani cal polishing pad according to claim1, wherein each of the
concentric circles has a plurality of holes arranged to be spaced apart
fromone another, each of the holes having a desired depth and a desired
di anmeter. 6. The chem cal nechanical polishing pad according to claimb5,
wherein the holes are different in respect of at |east one dinension

sel ected fromthe group consisting of their depth and dianeter, and the
hol es of at |east one concentric circle are arranged so that the space

bet ween adj acent holes is different fromother spaces in the sane
concentric circle. 7. The chem cal nechani cal polishing pad according to
claim1l1, wherein each of the concentric circles has a conbination of holes
having a desired depth, a desired dianeter, and a desired space defined
bet ween adj acent ones thereof and grooves having a desired 15 0 15 February
2006 depth, a desired width, and a desired |l ength, the holes and grooves
being alternately arranged while being spaced apart from one another to
alternate at | east one of the holes wth one of the grooves. 16 11
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