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PAD WTH M CRO HOLES Technical Field The present invention relates to a
polishing pad wused in a chem cal nmechanical polishing process, and nore
particul arly.t olishing pad formed with mcro-holes 5 at the surface

t her eof . Bé%ﬁ&@%@% Art Generally, chem cal nechanical pdﬁﬁﬁﬂphﬁh?immv is a
hi gh precision/mrrored surface polishing nethod used to obtain gl obal

pl anari zation in a sem conductor device 10 manufacturing process. In
accordance with such CWP, a slurry is supplied between a polishing pad and
a wafer 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 cal |y polished. 15 Referring to Fig. 1, a typical CVP machi ne, which
is denoted by the reference nuneral 1, is schematically illustrated. Al so,
a CW nethod using the CVMP machine 1 is schematically illustrated in Fig.
2. The CW nethod includes a chem cal etching reaction process and a 20
mechani cal pol i shi AHERFeRe MECHKINICRLaPRLESHA T tFA® WSITHgMECRGTIAIESi ng pad 10
included in the CMP nachine 1. The chem cal etching reaction is carried

out by a slurry 42. 1 h lurry 42 serves to chemically react with
the surface of a mafgﬁggblfglbgl%%fished, thereby nmaking 25 it possible for
the mechanical pol i sHibfg RIeFEEEs, invealtion mglekesciteni zapokigting paghct i on,
to be easily casdd €ith QUichehilchhend@EariagaboPosh ShY J¥RGESEnd tilsrel 26

January‘2006 particularly to a polishing pad formed with micro-holes

5 at the surface thereof.

Background Art

Generally, chemical mechanical polishing (CMP) is a
high precision/mirrored surface polishing method used to
obtain global planarization in a semiconductor device

10 manufacturing process. In accordance with such CMP, a
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.

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

20 mechanical polishing process, which are conducted using a
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

25 it possible for the mechanical polishing process,
following the chemical etching reaction, to be easily
carried out. In the mechanical polishing process, the




WO 03/012846 PCT/ KR0O1/01463 polishing pad 10, which is fixedly peuine@érp2006
platen 20, rotates. The wafer 30, which is firmy held by a retainer ring
32, rotates while oscillating. A slurry containing abrasive particles is

suppl i ed twddeieadol i shing pad 10 by a slurry supply rrqa&gmq[g EE

supplied slurry is introduced between the polishing pad 1 ang e waf er
30. The introduced abrasive particles cone into frictional contact with
the wafer 30 by virtue of a relative rotating speed difference between the
10 polishing pad 10 and the wafer 30, so,that they conduct nechani cal
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 polishing process. As the polishing 15 pad
10 rotates during the polishing process, the slurry 42 supplied to the
polishing pad 10 is outwardly discharged fron1the peri phery of t he

pol i shing pad }%&%lfg%ﬁngt 335‘1_1 oﬁpt r ﬂi&?'lg of egfo%lggdt P’glh %%rﬁcof t he

pol i shing pad er to ac I eve an e pol i ency,

many abrasive $rtFefdeShoutRe Yokes n3 ?'orw%l%s?-? aEFE‘“]-?énB‘F% BE&r fod of
time on the upperimy faory 032t heopatidss hwind epass il st inbat thesylu:ry

participate | ncéﬂfa RAkgsh f :Lv%he p‘ﬂ@'ftg{:leghaﬁs' S’EUFEQlEdelt-bShi% pad 10
shoul d make the s urry 4 on the 25 sur ereof for as long a
period of 3ti mPHs: aB BYdér sbimake® Héf%l BFRPShet Grel d'@\‘? t he
pol i shing pad é@pl&édoraj.myl d.dz dinttriodeced betwozh hass jnre]eimh:i:ngp@aeu whi ch
forms spher ' calp Mg opgs | ﬁa |99, 2 mifll & g&&%aue&d%ﬁw Sadid8resThe
gtg;reé Iszpp Ie«':cmoent:l.on'l:o frlctlcomla contdet with tHe wgger d%& virtue s
of a relative rotating speed difference between the
10 polishing pad 10 and the wafer 30, so that they conduct
mechanical polishing. The slurry 42 is a colloidal
ligquid 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
15 = pad 10 rotates during the polishing process, the slurry
42 supplied to the polishing pad 10 is outwardly
discharged fxom 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 efficlency, many 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 be held on the
25 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, a method has
been proposed which forms sphexical microcells having a
diameter of micrometers (Om). The slurry supplied onto
30 the polishing pad during a polishing process is stored in
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2 26 January 2006 WO 03/012546 PCT/ KR01/01463 the mierocells, ané Jdnusry 2006
fromthe merocells due to a pressure froma wafer applied thereto. Thus,
the slurry participates in the polishing of the wafer. The mcrocells

al so servew®oshmue debris separated fromthe 5 wafer dupbpgrbfgs@o! i shing
process. The debris stored in the mcrocells is outwardly punped out when
the polishing pad is conditioned. Conventionally, the formation of
mcrocells at the polishing pad is achieved using a physical method in 10
whi ch hol l ow m croel ements each having a cavity are physically incorporated
in a polyneric matrix to form merocells, or a foam ng nethod in which
bubbles are chemcally formed to formmcrocells. The incorporation of

m croelenments in a polyneric 15 matrix is achieved by inpregnating a | arge
amount of mcroelenents each having a cavity into a polyneric matrix in
such a fashion that the mcroelenents are uniformy distributed in the

pol ymer | ¢ M{rie SIS Lol OHNG1ELEXAGE! hiom i RALYEBAL s T ito 1

prepared by 20 i Ng a curing agent_ wi resin such et ha
pol yester, fl udr M&Fé&rﬁydﬁ%r BorWaisT aal?ﬁ’aj;&‘iﬁe ]P?l%"r%%‘f u@bﬁa’t e
mi cr oel ement s, slnergar e saldatesudar theapelisbbhgbdb® ghen waferesithe s

mai nl'y used. Sych, gf 0T AIRN S vedtS §BOEs Aferialey Yepkrakeahekon Rt i 1,
pol yvi nyl 25 pyrro

one, polyeth Ien col, p ur ane
conbi nat i &n t heafew duRiag kher el i S&n %&ﬁ%’n&. Eﬁ%f%? B about
150 fin. The niks aelemeeidsads oubwﬁnﬂry pudapedroxbtutxé'dem\téie phéiginteric

matrix in pad iz conditiocned.

Conventionally, the formation of microcells at the
polishing pad is achieved using a physical method in
10 which hollow microelements each having a cavity are
physically incorporated in a polymeric matrix to £form
microcells, or a foaming method in which bubbles are

chemically formed to form microcells.
The incorporation of microelements in a polymeric
15  matrix is achieved by impregnating a large amount of
microelements each having a cavity into a polymeric
matriz in such a fashion that the microelements are
uniformly distributed in the polymeric matrix, thereby
forming microcells. The polymeric matrix is prepared by
20 mixing a curing agent with a resin such as urethans,
polyester, fluorinated hydrocarbon, or a mixture thereof.
- For the migroelements, inorganic salt, sugar, water
soluble gum, or resin is mainly used. Such microelements
are made of polyvinylalcohol, pectin, polyvinyl
25 pytrolidone, polyethylene glycol, polyurethane or a
combination thereof. Such micr¢elements have an average
dizmeter of about 150 [m. The microelements are
uniformly distributed over the polymeric matrix din
accordance with a high shear mixing process, so that they
30 form uniform microcells. Referring to Fig. 3, microcells
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accordance with a high shear m xing process, so that they 30 fopg %006
merocells. Referring to Fig. 3, merocells 3 26 January 2006 WO 03/ 012346
PCT/ KRO1/ 01463 formed using the cavity bodies are illustrated. The pad
formed witwonsmmaeel | s in the above nmentioned manner is pspRREMHSARt! Y cut
into pieces each having a desired thickness to obtain a polishing pad. In
each cut piece, 5 mcrocells randomy distributed in the pad are opened at
the cut surfaces of the cut piece, so that they are exposed. in the form
of a circular or oval cross section at the cut surfaces of the out piece.
The sizes and positions of the mcro-cell cross sections exposed at the 10
pol i shing 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. in accordance with the chem cal
method in which 15 cells are forned using a foam ng process,*a polyneric

matrix is forng %ﬁ nrg:,g t?‘o (™3] ?Yngg@ieg\natfé lu%'.&lrgfteaha%é)?éﬁ]r et hane

form ng substa

h ol n ter f %#gge I e
whi ch direct | yEozngs m’r"r‘l“’&e& EnitBaltiPe 2OPTENEBE LN s al so
used as a 20 fgmaatmea@am ctiberiaiyo prpciﬂueisngemrbblmm fer mieaizt@li n the

pol ymeric matrix dc%rg%sor dlé%tt on 9f p8 f@él{ﬁggp'p%d .achheugdybyy ié’ée

nucl eati on cause ear X|n eratjon. A surfacr %£ Wi ch
serves esSt o- dB¥F Sa‘?@éGE%Yoﬁ F4rd ént§H§|Bﬁ REe JPRYP éﬂito
adj ust 25 the ’s‘mezecaf: rfacek| f t hiee ebyptaghiese, nge@ dbskr dheyurddeornity

of mcro-cell sy, MLIPCH hd ¥dPald M5 EilB1ar or oval cross section
at the cut surfaces of the cut piece. The sizes and

pogitions of the micro-cell cross sections exposed at the

10 polishing surface of each polishing pad are random. Such

random size and position of the exposed microcell cross

sections serves to degrade a desired uniformity among

polishing pads. .
In accordance with the chemical methed in which
15 cells are formed using a foaming process, a polymeric
matrix is formed by mixing a curing agent with a liquid-
phase polyurethane forming substance 'having a low boiling
point. Water or liquefied gas, which directly takes part
in a chemical reaction to generate gas, is also used as a
20 foaming agent, thereby producing bubbles to form cells in
the polymeric matrix. The production of bubbles is
achieved by way of a nucleatlon caused by a high shear

mixing operatiom. A surfactant, which serves to achieve
a reduction in surface tension, is also used to adjust
25 °  the sgize of microcells, thereby achieving a dsesired
uniformity of micro-cells. Microcells formed using the
foaming process are shown in Fig. 4.. As seen in Fig. 4,
this method has a disadvantage in that it is impossible
to form microcells having a uniform size on the polishing
30 | pad. Since the microcells formed in accordance with the




foam ng process are shown in Fig. 4.. As seen in Fig. 4, this pglUapdaPR2006
di sadvantage in that it is inpossible to formmcrocells having a uniform
'size on the polishing 30 pad. Since the mcrocells farmed i n accordance
with the 4W®03Xaréry 2006 WO 03/ 012846 PCT/ KRO / Ol463 f pemmkRer/qiia3Cess

exhi bit expansi on characteristics which vary depending on a variation in
tenperature to which they are subjected, they nmay vary in size dependi ng
on an anount of heat generated in a curing process. 5 The mcrocells
formed using microelenents each having a cavity or a foam ng process have
a spherical structure having a circular or oval cross-sectional shape.
Due to such a shape, the mcrocells have a cross section varying in the

t hi ckness direction of the 10 polishing pad. For this reason, the cross
section of each mcrocell exposed at the polishing surface of the
polishing pad is varied as the polishing pad is abraded during a polishing

process. In Otflfﬁmi\h?{ QSrodd L Uit Oyinsibel AhRirdastexpesesk akhide

pol i shing surface o e..15 polishing.p are gr al l v reduced .n,di aneter
Do the poi 1 SRy prebii bon . G VERERECR, H SRR i U

m crocel | s exitheh@usesohientedurtzate My VASY bolsbis rpnsadingt #AR bei ng
exposed, are r@\vdmtewoaaata?enémtwlihsai 80z sk feaserfs .t he pol i shing pad.

20 Thus e Cro%s B8 RRalo A BRLaEc y BAOOSR 00l 201 0

t hi ckness durikayiniSe @ p6eVERY ngTpréockepmingorpnariessy diastsh, at Fpheriealy

problem in thairddtereol hgbing rat ecireul@R- UpLf O6¥A1 ocross-sectional
shape., Due to such a shape, the microcells ‘have a cross
section varying in the thickness direction of the

10 polishing pad. For this reason, the c¢ross section of
each microcell exposed at the polishing surface of the
‘polishing pad is varied as the polishing pad is abraded
during a polishing process. In other words, circular or
oval microcells exposed at the polishing surface of the

15 = polishing pad are gradually zeduced in diameter as the
polishing process proceeds, and f£finally disappear.
Eventually, microcells existing below the surface of the
polishing pad without being exposed, are newly exposed at
the polishing surface of the polishing pad.

20 Thus, the cross section of each nicrocell exposed
at the polishing surface of the polishing pad is varied
as the polishing pad wvaries in thickness during the
polishing process. For this reason, there is a problem
in that the polishing rate is non—un%form.

25 Disclosure of the Invention
Therefore, the present invention has been made in
order to solve the problems involved with microcells
formed using microelements each having a cavity or a
foaming process. The present invention propeses a
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25 Disclosure of the Invention Therefore, the present invention2gakffy 2006
made (n order to solve the problens involved with mcrocells forned using
m croel ements each having a cavity or a foam ng process. The present

i nvention womesasa 5 26 January 2006 WO 03/012846 PCT/

pol i shing pad having m cro-hol es capable of effectively storing and

di scharging a slurry to maintain a desired polishing rate while performng
the sane function as marocells. 5 An object of the inventionis to
provide a polishing pad having mcro-holes of a uniformsize distributed
to have a pattern selected fromdiverse patterns by the user, the

m cro-holes nmaintaining a desired cross-sectional area irrespective of a
variation 10 in the thickness of the polishing pad occurring during a
pol i shing process. Another object of the invention is to provide a
pol i shing pad having m cro-holes having a controlled size, shape and

Condi ¢ on 1o abPr el BRE heullle ORI 3080, RapfBle "Br BEPSERN N o
acconpl i sh t heseopbpecand Eihéclﬁﬁ%ém auﬁlﬁm diP pRraia it aa clgsiyad f or med

at a poli shi ngpoﬁwﬁm;e theeeafhilet peiforaringl eshdavbing Eumaktien may oss- 20
secti onal area%fgr G§V|ng a desired depth. Brief Description of the -
Drawi ngs The abovVe o]] cts, and other features and advantages of the
present ifvention wAd &IGeE nefe the invention is to provide a

polishing pad having micro~holes of a uniform size
distributed to have a pattern selected from diverse
patterns by the user, the micro-holes maintaining a
desired cross—-sectional area irrespective of a variation

10 in the thickness of the polishing pad occurring during a
polishing process. _

Another object of the invention is to provide a
polishing pad having micro-holes having a controlled size,
shape and density, thereby being capable of securing an

15 = optimal processing condition to achieve an improvement in
polishing efficiency.

In orxder to accomplish these objects, the present
invention provides a CMP pad formed at a polishing
surface thereof with micro-holes having a uniform cross-

20 sectional area while having a desired depth.

Brief Description of the Drawings
The above objects, and other features and
advantages of the present invention will become more
apparent after a reading of the following detailed
23 description when taken in conjunction with the drawings,
in which:
Fig., 1 18 a schematic view illustrating the
configuration of a typical CMP machine and a polishing
method performed using the CMP machine;



apparent after a reading of the follow ng detailed 25 descripti 26 Jaheary 2006
taken in conjunction with the drawings, in which: Fig. 1 is a schematic
viewillustrating the configuration of a typical CMP nachine and a

pol i shi ng woashpgdgoer f ormed using the CVP machine; 6 26 glapyi)i4£906 WO
03/012846 PCT! KR01/01463 Fig. 2 is a schematic viewillustrating the
concept of a CVWP nethod; Fig. 3 is a photograph of mcrocells fornmed using
m croel ements each having a cavitty; 5 Fig. 4 is a photograph of mcrocells
forked using a foam ng nethod; Fig. 5a is a photograph show ng the
cross-sectional structure of mcro-holes formed in accordance wth the
present - invention; 10 Fig. 5b is a photograph show ng the plan structure

of mcro-holes-fornmed i n accordance with the present invention; Fig. 6 is

a schematic view illustrating mcro-holes forned to have an angle with
respect to a polishing 15 surface in accordance with the present

i nvention; Fig. 7a jf;a £aCePls 8t +1dWShindlsitidrdfy Ald t of

m cro- hol es accordin present I nvention; Figs. gb and /c rllustrate

g to thg_
exanples of m G- FHF emeblpo ¥ rangenments according to the present jinvention,
respectively; and Hig. 83i $zaasphetagraplvi efv nittsteldis nfpmamegoisihigng

microelements each having a cavity;
5 Fig. 4 is a photograph of microcells formed using a
foaming method;

Fig. %a is a photograph showing the cross-sectional
structure of mnicro-holes formed in accordance with the
present invention; i _ .

10 : Fig. 5b is a photogréph showing the plan structure
of milcero-holes formed in accordance with the present
invention;

Fig., 6 is a schematic view illustrating micro-holes
formed to have an angle with xespect to a polishing

15  surface in accordance with the present invention;

Fig. 7a is a c¢oncept diagram illustrating an
arrangement of micro-holes according to the preéent

invention;
Figs. 7b and 7c¢ illustrate examples of micro-hole
20 arrangements according to the present invention,

respectively; and
Fig. 8 is a schematic view illustrating a polishing
pad having radial micre-hole regions where micro-holes
are distributed while having different densities,
25 regpectively.

Best Mode for Carrying Out the Invention

Now, the present invention will be described in
detail in terms of its constitution and function, with
reference to the annexed drawings.




pad having radiral mcro-hole regions where mcro--holes are di $tgrjdiifg 2006
whi | e .having different densities, 25 respectively. Best Mde for Carrying
Qut the Invention Now, the present invention will be described in detai

in terms ofyd §spispstitution and function, with referenggpkfofidigssannexed
drawi ngs. 7 26 January 2006 WD 031012846 PCTI KRO /01463 The present

i nvention provides a CVWP pad used in a CM process and characterized by

m cro-holes formed at a polishing surface thereof. Each of the m cro-holes
according to the present invention is opened at its upper 5 ends thereof
and has a uniformcross-sectional area. Figs. 5a and 5b show the"
cross-sectional and plane structures of the mcro-holes according to the
present invention, respectively. ‘As shown in Figs. 5a and 5b, the

m cro-holes formed 10 in accordance with the present invention have a
uniform dianmeter and a uniformdistribution. The mcro-holes of Figs. 5a

and so have a clf culdle ASRACTblaR: s bR BN Fded TR paHOWBALeg Y have
di verse shapes such ‘as™ an oval _Shape, ,a pol ygonal s %%%ﬁ or gxanple, a
triangul ar shafdP1Brecess  aBtafiRFantaiizequRy e RRPNO foToegr 2khape. In
the case of n gooibaliag hevifgea ehegedfs crpsshsed i bhe iwgo-hodker abl y
have a di amet er, of .abg Ft&otﬁé)ﬁggéengnl?ggﬁﬁféﬂlﬁ% oggﬁeﬂ1£EQBﬂP| egxt end
in a direction "perpendi cul ar to the polishing surface of ,the polishing 20
pad. Howevier, Emey nEYexsQendanfndidsneal YPIiTORT, SRS SEEEERR2b0IA SR ng
surface. Refermigg.t o5& Gand, 58 Nelesw- lblee cisss+dacitivatdd avn clplizoens

angles ', t, a%@rﬁ@t@&%@ of the micro-holes according to the present
-invention, respectively. )

As shown in Figs. 5a and 5b, the micro-holes formed
10 in accordance with the present invention have a uniform
diameter and a uniform distribution. The micro-holes of
Figs. 5a and 5b have a circular cross section. -However,
these micro-holes may have diverse shapes such as an oval
shape, a polygonal shape, for example, a triangular shape
15 ° or a rectangular or square shape, and a star shape. In
the case of micro-holes having a circular cross sectilon,

they preferably have a diameter of about 10 to 200 Em.

Typically, the micro-holes extend in a direction
perpendicular to the polishing surface of the polishing

20 pad. However, they may extend inclinedly with respect to
the polishing surface. Referring to Fig, 6, a micro-hole
is illustrated which forms angles E, B, and E with
respect to x, y, and z axes of the polishing pad,
respectively. Here, the angles 'E, E, and E are more than

25 0°, but less than 90° (0° < E, B, B < 90°).

Preferably, each micro-hole has a cross-sectional
area ranging from about 10 m® to 10 mm®., Also, each
micro-hole has a depth having a ratio ranging from 0.01:1
to 1:1 with respect to the thickness of the polishing

30 pad.



respect to x, y, and z axes of the polishing pad, respectlverQGUghgarybgos
angles 'E, 'E, and 'E are nore than 25 0, but less than 90 (0 < E,

< 90). Preferably, each mcro-hole has a cross-sectional area ranglng from
about 10 REobse13fd¢m2. Al so, each mcro-hole has a deptplrThkaéi/gsa ratio
ranging from0.01:1 to 1:1 wth respect to the thickness of the polishing
30 pad. 8 26.January 2006 WO 03/012846 PCT/ KR01/01463 In accordance wth

t he present invention, such mcro-holes may have a triangul ar arrangenent
defined by a base a, a height b, and an angle t between both sides, as
shown in Fig. 7a. Figs. 7b and 7c illustrate exanples 5 of mcro-hole
arrangenments based on such a triangular arrangement, respectively. The

m cro-holes formed on the polishing pad according to the present invention
may have an arrangenent sel ected fromdiverse arrangements in 10
accordance wth the size, density and shape desired by the user. In

accordance with confrgnt%c%?haﬂgghqg&wshﬂgt Oﬁ%égé}ﬁl egﬁggﬁtgg,g,h haehng a

cavity or a conventTon 0am Ny process orm ni crocel e is no
means capabléﬂGFDaBPé§P|H©Yth%V%|§e TR 274 AET ARASTRS eﬁﬁgegﬁk
mcrocel I's. | aseer danaehetyhtthe mceszantangilavsnbbbneemdv@verside{s:| S

possibl e to adj sk thes §h§P§ L 751 281300 #8N5d ¥ 0h1nLGEsbO| S dehat L hey

neet the opti UM conditi on

e user sche L1y
il lustrat®s arPfoxmhprehsile h%’-’raﬂg%’ﬁ%hlkﬁgﬁeﬁ‘ao"’f oFﬁ‘é’a i ttf‘F:{TﬁH ug'aﬁol es in

accordance W tdrrangement, respectively.

The micro-holes formed on the polishing pad
according +to the present invention may have an
arrangement selected from diverse arrangements in

10 accofdance with the size, density and shape desired by
the user. In accordance with conventional methods using
microelements each having a cavity or a conventional
foaming process to form microcells, there is no means
capable of adjusting the size, shape, and density of

15 those microcells. In accordance with the present
invention, however, it is possible to .adjust the shape,
size and density of micro-holes so that they meet the
optimum condition desirxed by the user. '

Fig. B schematically illustrates an example of the

20 polishing pad formed with micro-holes in accordance with
the present invention. As shown in Fig. 8, the polishing
pad, which has a circular shape, has Zfour radial regions
respectively having different micro-hole densities. At
each radial region, micro-holes are distributed to have a

25 uniform density, a uniform shape and a uniform cross-
sectional area. Alternatively, the polishing pad may be
divided into micro-hole regions arranged in a direction
other than the radial direction. For example, the
polishing pad may have micro-hole regions arranged in a

30 circumferential direction. Thus, the polishing pad of



the present invention. As shown in Fig. 8, the polishing pad, vhijEhuary 2806
circular shape, has four radial regions respectively having different
m cro-hole densities. At each radial region, mcro-holes are distributed

to have a wo osiizk@r m density, a uniform shape and a uni fp@rRROEHAES-
sectional area. Alternatively, the polishing pad may be divided into

m cro-hole regions arranged in a direction other than the radial

direction. For exanple, the polishing pad nay have m cro-hol e regi ons
arranged in a 30 circunferential direction. Thus, the polishing pad of 5 26
January 2006 WD 03/012846 RCT/ XR01/01463 the present invention has an
advantage in that its mcro- holes are variously arranged so that they

achi eve the _optimm processing condition. in accordance with the present
invention, the 5 formation of m cro-holes on the polishing pad nay be
achieved using a laser, perforating pins or a drilling nethod. Preferably,

a |aser machi ngRg PrdmitPifvbatish IHd e bAvasEAslant enakt it s el dresent

i nvention. The iaser nachlnlnglnethod s adva@%ggegzs i n that |Hﬂﬂgs a 20
feature of reditsR) PR FPEACBFIR PLTRPISTLFRC{BETt ytiéﬁﬁ%ﬂe

def or mati on. Absioimunhgrcasesingctvuditgomet hod is perforned in a

non- cont act fashi ongyS0atBRtaddIY € WithNOrnabr @si ol ihbentooh, Wi | aser

215 CompPex SEEPELAA nPhaliiaogBRLTat Fon 17 rTCPHARE. B1b: BAVORE and
mai nt ai ni ng a atkbavedbriding enviasemenperioyatdnot rdne oy an dubdkinge in
that each mcrgehde | osr@dbpiihe Laspisdmchishiginget pednbgpla sipoth and
preci se inner 3éiif¥§a ﬂgm%éég¥aéﬂ@%:Wi@hn%thEE%gent invention. The
laser machining method is advantageous in that it has a
10 feature of reducing the area of a layer subjected to a
thermal deformation. Also, the laser machining method is
performed in a non-contact fashion, so that there is no
abrasion of the tool., The laser machining method is also
capable of precisely machining an article having 'a
15 - complex shape, elimipating generation of noise and
vibrations, and maintaining & clean working environment.
Also, there is an advantage in that each micro-hole
formed by the laser machining method has a smooth and
precise inner surface,. The laser machining method
20 provides another advantage in that it is possible to
freely wvary and adjust the shape, size, depth, and
density of micro-holes,
The micro-holes of the present invention store the
slurry supplied onto the polishing pad during the
25 polishing process, and outwardly pump out the stored
slurry by virtue of the pressure from a wafer applied
thereto. Thus, the slurxry participates in the polishing
of the wafer. Although the polishing pad of the present
invention varies in thickness as the polishing process
30 proceeds, it can maintain a desired polishing rate

10



20 provides another advantage in that it is possible to freelysganhuapd2006
adj ust the shape, size, depth, and density of m cro-holes. The m cro-hol es
af the present invention store the slurry supplied onto the polishing pad

during theyggmp@ki shing process, and outwardly punp oubci/kgefiged sl urry
by virtue of t%e pressure froma wafer applied thereto. Thus, the slurry

participates in the polishing of the wafer. Al though the polishing pad of
the present invention varies in thickness as the polishing process 30
proceeds, it can nmaintain a desired polishing rate 10 26 January 2006 WD
03/012846 PCA /KRO1/ 01443 because each mcro-hole has a uniform
cross-sectional area. in particular, the mcro-holes are always in an
opened state. Accordingly, it is unnecessary to manually open the

m cro-holes, as different fromconventional 5 mcrocells. The m cro-hol es
al so serve to store debris separated fromthe wafer during the polishing

process, and £, g‘%t ﬁé qu?%poﬂﬁglé h t%re%gﬁs S yhen-t idi‘f?;t'l' shi ng

pad is condi t | ORa stria rcabh |ty apparent gm the above
descri ption, t¢ﬁ?ﬁore§@htp3¥?ﬁﬁﬁﬂﬁ &P pas ﬁ@ H¥%n%9 hol es
capabl e of ef&;_%ﬁéd\/ekﬁtabsmcbidi@mgiypriv szwmeebeselaaygtmgnamu@i urry

during a polis Ir}ﬁ Qﬁgceﬁf ];O_Hgil ta'&%ﬂ%%&&ﬁ‘t %dmshbg x?tffona]l5 I n
e

accor dance Wt present 1 nventr on, IS possible to ary and
adj ust th& shapkcrogiedds. depbR, ﬂa&ﬁﬂ‘%ﬁ%ﬁﬁt%;%ﬁ 4ﬁ§ﬁ%)qﬂﬂ%§9¥ﬁ) S achi eve

the opti mum separated Ffrom the wafer during the polishing process,
and to outwardly pump out the stored debris when the
polishing pad is conditioned.

Industrial Applicability

10 As apparent from the above desgription, the present
invention provides a CMP pad having micro-holes capable
of effectively absorbing a slurry while discharging the
slurry during a polishing process to maintain a desired
polishing rate.

15 In accordance with the present invention, it is
possible to freely vary and adjust the shape, size, depth,
and density of micro-holes so as to achieve the optimum
processing ¢ondition., Thus, an enhancement in polishing
efficiency is obtained. ‘

20 Although the preferred embodiments of the invention
have been disclosed £or illustrative purposes in
conjunction with a CMP pad formed with micro-holes, those
skilled in the art will appreciate that various
modifications, additions and substitutions are possible,

25 without departing from the scope and spilrit of the
invention as disclosed in the accompanying claims.

11



processing condition. Thus, an enhancenent in polishing efficigeganuary 2006
obt ai ned. 20 Al though the preferred enbodi nents of the invention have been
di sclosed for illustrative purposes in conjunction with a Cv pad forned
with mcro-holes, those skilled in the art will appreciate that various
nodi fications, additions and substitutions are possible, 25 w thout
departing fromthe scope and spirit of the invention as disclosed in the
acconpanyinhg.clainms. 11 26 January 2006 CLAIMS 1. A chem cal nechani cal
polishing—%ggﬂﬁorned, at a polishing surface thereof, wth mcro-holes
distributed to have a diverse pattern to maintain a desired polishing

rate, wherein each of mcro-holes has a cross-sectional shape correspondi ng
to a circular shape, an oval shape, a triangular shape, a rectangular or

square shape; aa Ry %chﬁrh@z?‘%oﬁ%n&? S8 FmRA2RE ngesrf‘gféhrfabgthereof

cross sectional area eac ro- holes r rom10 mto 10

me,"and g s £AEh sk grh%rg JBLES: SHLERTP bl SUSREL B! o

fromthe poli |ng surface w i 0 rangrng fom 1:1
with respect to a thi kn ss of ad. 2. The c cal nec i cal

pol 1 shi ngiaad BEsr thgot Brepdiole hfmeqrarsrfefwaﬂaﬁa CoTRGPANe B %

| east two nicro-hol e re ions where the mcro-holes are distributed while
havi ng di $ifetasnthaps, ok ogféc%ha%aq trigngglar shang, & B3otangwan €5 SIBHE/BAPYi % f er ent

densities, respectively. 3. The chem cal nechanical polishing pad
accor di ngpalpgaiabshape. onehsareshape, Weierrin the- drodsessctiomel dron peeachyofdhe mawe- 12

holes ranges from 10 pm to 10 mm”, and wherein each of the micro-holes extends in a

direction inclined from 'the polishing surface with the depth ratio ranging from 0.01:1 to

1:1 with respect to a thickness of the pad.

2. The chemical mechanical polishing pad according to claim 1, wherein the pad
is divided into at least two micro-hole regions where the micro-holes are distributed
while having different cross-sectional areas, different shapes, and/or different densities,

respectively.

3. The chemical mechanical polishing pad according to claim 1, wherein the

micro-holes are formed by a laser.



