WO 03/017347 PCT/ KROL/ 01464 CHEM CAL MECHANI CAL POLI SHI NG PAD HAVI NG
WAVE- SHAPED GROOVES Technical Field The present invention relates to a

pol i shi ngwpad/1B4used in a chem cal nechanical polishing pcagaug/o14nd nore

particularly to. a chem cal nechanical polishing pad formed at a polishing
surface thereof with a plurality of wave-shaped concentric grooves of
different dianeters each having a desired depth, wi dth and shape. 10

Background Art Generally, chem cal nechani cal polishing (CVP)

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 chemcally 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 CVMP machi ne, which

WO 03/ 017347 PCT/ KRO1/ 014Bfpyrcar, MECHANTCAL POLISHING PAD

HAVING WAVE-SHAPED GROOVES

Technical Field

The present invention relates to a polishing 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

wave-shaped concentric grooves of different diameters

each having a desired depth, width and shape.

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

1



is denoted by the reference nuneral 1, is schematically illustrated. Al so,
a CVP nethod using the CMP machine 1 is schematically illustrated in Fig.
2. The CMPomaibhwBd? i ncludes a chemi cal etching reaction pPergg®iang4a 5
mechani cal polishing process, which are conducted using a polishing pad 10
included in the CVWPP machine 1.' The chem cal etching reaction is carried
out by a slurry 42. That is, the slurry 42 serves to chemcally react with
the surface of a wafer 30 to be polished, thereby naking 10 it possible for
t he mechani cal polishing process, follow ng the chem cal etching reaction
to be easily carried out. In the nechanical polishing process, the
polishing pad 10, which is fixedly nmounted on a platen 20, rotates. The
wafer 30, which is firmy held by a 15 retainer ring 32, rotates while
oscillating. Aslurry containing abrasive particles is supplied to the
polishing pad 10 by a slurry supply neans 40. The supplied slurry is

| ntr oduced befyiegn, Lbeqpaly g pad 0. andyb e vl efs 0ol g pryced
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is schematically illustrated in Fig. 2. The CMP method
includes a chemical etching reaction process and a

5 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

10 it possible for the mechanical polishing process,
following the chemical etching reaction, to be easily
carried out. In the mechanical polishing process, the
polishing pad 10, which is fixedly mounted on a platen
20, rotates. The wafer 30, which is firmly held by a
15 retainer ring 32, rotates while oscillating. A slurry
containing abrasive particles 1s supplied to the
polishing pad 10 by a slurry supply means 40. The
supplied slurry is introduced between the polishing pad
10 and the wafer 30. The introduced abrasive particles
20 come into frictional contact with the wafer 30 by virtue

of a relative rotating speed difference between the



WO 03/017347 PCT/ KRO1/ 01464 polishing pad 10 and the wafer 30, so that

t hey conduct nechanical polishing. The slurry 42 is a colloidal liquid
cont ai ni yoaboasikve particles having a grain size of nan@c#tkR3/0146hi s
slurry 42 is spread on the polishing 5 pad 10 during the polishing process.

As the polishing pad 10 rotates during the polishing pro

Cess,

the slurry

42 supplied to the polishing pad 10 is outwardly discharged fromthe

peri phery of the polishing pad 10 due to a centrifugal force caused by the
rotation of the 10 polishing pad 10. In order to achi eve an enhanced
polishing efficiency, many abrasive particles should remain for a
desirable lengthy period of tinme on the wupper surface of the polishing pad

10 so that they participate in the polishing of the wafe
pol i shing pad 10 should make the slurry 42 be held on the
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slurry on th

liquid containing abrasive particles having a grain size

of nanometers. This slurry 42 is spread on the polishing

5 pad 10 during the polishing process. As the polishing

10

15

20

pad 10 rotates during the poliéhing process, the slurry
42 supplied to the polishing pad 10 is outwardly
discharged from the periphery of the polishing pad 10 due
to a centrifugal force caused by the rotation of the
polishing pad 10. In order to achieve an enhanced
polishing efficiency, 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
surface thereof for as long a period of time as possible.

Centrifugal force generated during the rotation of
the CMP pad is higher at a position nearer to the
periphery of the polishing pad. Due to such a
centrifugal force difference between different radial

positions on the polishing pad, the slurry on the



3 WD 03/017347 PCT/ KRO1/ 01464 polishing pad exhibits an increased flow
rate as it approaches the periphery of the polishing pad. Thus, the

slurry i swoesounsstformy distributed in the radial directiPoR/KHO10h&Es4
polishing pad. Due to such a non 5 uniformdistribution of the slurry, the
wafer is non- uniformy polished because its polishing rate is varied
dependi ng on a radial position of the polishing pad in contact with the
wafer's surface. Such a variation in polishing rate affects the

pl anari zation of the wafer. 10 As a result, the polishing pad exhibits a
considerable difference in polishing rate between its central portion and
its peripheral portion. For this reason, it is necessary to uniformy
distribute the slurry over the polishing pad by controlling the flow of
slurry on the 15 polishing pad. During the polishing process, the wafer is
pressed against the polishing pad so that it comes into frictional

contact with a? %%Iﬁﬁffééﬁlc%%§reac thqh%re% %éﬁufﬁowho¥§¥ﬁenaét jmy be

difficult foP® central portion o waf er. For
this reason’approaches the periphery of the polishing pad. Thus, the

slurry is non-uniformly distributed in the radial
direction of the polishing pad. Due to such a non-
5 uniform distribution of the slurry, the wafer 1s non-
uniformly polished because its polishing rate is varied
depending on a radial position of the polishing pad in
contact with the wafer’s surface. Such a variation in
polishing rate affects the pianarization of the wafer.
10 As a result, the polishing pad exhibits a.considerable
difference in polishing rate between its central portion
and its peripheral portion. For this reason, it 1is
necessary to uniformly distribute the slurry over the
polishing pad by controlling the flow of slurry on the
15 polishing pad.

During the polishing process, the wafer is pressed
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

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

the slurry may be distributed at the central portion of



the slurry may be distributed at the central portion of 4 WO 03/017347
PCT/ KRO1/ 01464 the wafer in a relatively reduced anbunt, as conpared to

t he amourwoaB/o113¢7 peri pheral portion of the wafer. As a IPETIKRO1/0145¢ waf er
is non-uniformy polished. In order to solve such a problem a nethod has
been 5 proposed, in which holes or grooves having a desired wdth, depth
and shape are forned on a CVMP pad. Such holes or grooves act to control
the flow and distribution of the slurry continuously supplied during the
polishing process. 10 Now, holes or grooves conventionally forned on a
polishing pad will be described in conjunction with the annexed draw ngs.
Fig. 3ais a schematic viewillustrating a polishing pad formed with
grooves respectively having the 15 form of concentric circles. Fig. 3b is
a cross-sectional view taken along the line A- Aof Fig. 3a. As shown in
Figs. 3a and 3b, the grooves formed on the polishing pad have the form of

concent i c oliigl o5 #4041 PRNLY 30989913 Fek LeAM ARG b A dA S
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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
5 proposed, in which holes or grooves having a desired
width, depth and shape are formed on a CMP pad. Such
holes or grooves act to control the flow and distribution
of the slurry continuously supplied during the polishing
process. :

10 Now, holes or grooves conventionally formed on a
polishing pad will be described in conjunction with the
annexed drawings.

Fig. 3a 1s a schematic vie% illustrating a
polishing pad formed with grooves respectively having the

15 form of concentric circles. Fig. 3b is a cross-sectional
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

20 different diameters, respectively. The slurry, which is

continuously supplied onto the polishing pad, is forced



20 different dianeters, respectively. The slurry, which is continuously
supplied onto the polishing pad, is forced 5 WD 03/017347 PCT/ KRO1/ 01464
to nove owoOwandidy7 by a centrifugal force generated as thePCpKRi46g pad
rotates. As a result, during the polishing process, the slurry is
tenporarily collected in the concentric circular grooves, and then
outwardly 5 discharged fromthose grooves. An exanple of such concentric
circular grooves is disclosed in U S. Patent No. 5,984,769. Fig. 4ais a
schematic viewillustrating a polishing pad forned with grooves having the
formof a 10 lattice. Fig. 4b is a cross-sectional viewillustrating the

| atti ce-shaped grooves of Fig. 4a. The polishing pad shown in Fig. 4a has
a plurality of grooves extending an X axis and a plurality of grooves
extending a Y axis while crossing the X-axis grooves to forma lattice. 15
Such | attice-shaped grooves serve.to collect a slurry continuously

suppl i ed ont ¢4 e, AOld AN A, LGS 1 1A Hdihd Mfertl.SONAL 4 Gfnd he

sl urry cause centr
polishing pad rotates. As a result, during the polishing

process, the slurry is temporarily collected in the
concentric circular grooves, and then outwardly
5 discharged from those grooves. An example of such
concentric circular grooves is disclosed in U.S. Patent
No. 5,984,769.
Fig. 4a is a schematic view 1llustrating a
polishing pad formed with grooves having the form of a
10 , lattice. Fig. 4b is a cross-sectional view illustrating
the lattice-shaped grooves of Fig. 4a. The polishing pad
shown in Fig. 4a has a plurality of grooves extending an
X axis and a plurality of grooves extending a Y axis
while crossing the X-axis grooves to form a lattice.
15 Such lattice-shaped grooves serve to collect a slurry
continuously supplied onto the polishing pad, thereby
retarding the discharge of the slurry caused by
centrifugal force.
In the case of the conventional polishing pad
20 having grooves uniformly spaced apart from one another,

the slurry supplied onto the polishing pad is hindered



In the case of the conventional polishing pad 20 having grooves uniformy
spaced apart fromone another, the slurry supplied onto the polishing pad
i s hinderwo 0381M& 03/ 017347 PCT/ KROL/ 01464 from fl owi ng PoR&RI10Ms4cent ral
portion of a wafer being polished at regions where the polishing pad is in
contact wth the wafer. As a result, a degradation in polishing rate
occurs at the central portion of the wafer. 5 Since |attice-shaped grooves
extend in an opened state to the periphery of the polishing pad w thout
havi ng any cl osed portion, the slurry supplied onto the polishing pad is
easily discharged fromthe polishing pad. As a result, the lattice-shaped
grooves cause an 10 increased consunption of slurry, as conpared to
concentric circular grooves. It was also reported that holes cause

i ncreased consunption of slurry, as conpared to |attice-shaped grooves,
because those holes involve a reduction of the cross-sectional area

capabl e of SLAING IR, BhYr Ednald Lhe CORE-OL POREEBLILE G HEUIAT wrogyes, a

superior slurry storage CTapacity I's obtal ned because each groove has a
partially Cl%§§f&§Hé&"§ﬁ”f%§¥ﬁﬂ§“hﬁ@¥éiﬂﬁ% polishing pad is in contact
with the wafer. As a result, a degradation in polishing
rate occurs at the central portion of the wafer.
5 Since lattice-shaped grooves extend in an opened
state to the periphery of the polishing pad without
having any closed portion, the slurry supplied onto the

polishing pad is easily discharged from the polishing

pad. As a result, the lattice-shaped grooves cause an
10 increased consumption of slurry, as compared to
concentric circular grooves. It was also reported that

holes cause increased consumption of slurry, as compared
to lattice-shaped grooves, because those holes involve a
reduction of the cross-sectional area capable of storing
15 slurry. In the case of concentric ¢ircular grooves, a
superior slurry storage capacity is obtained because each
groove has a partially closed structure having vertical
groove walls capable of retaining the slurry in the
groove against centrifugal force, as compared to other
20 structures. However, this structure has a drawback in

that each groove has an insufficient depth corresponding



groove wal |l s capable of retaining the slurry in the groove agai nst
centrifugal force, as conpared to other 20 structures. However, this

st ruct ur ewbag/ow3dr awback in that each groove has an i nsufPCira{Rmmii4ept h
corresponding 7 WO 03/017347 PCT/KR01/01464 to 1/4 of the thickness of

t he polishing pad. Since the conventional nethod, which is used to form
grooves at a polishing pad, utilize a cutting process conducted by a | athe
or mlling, the grooves have 5 a fixed pattern such as concentric circles
‘or a lattice. For this reason, it is difficult to forma groove pattern
capable of effectively controlling the flowof a slurry. In order to solve
such a problem it is necessary to design the shape, density and

di stribution of grooves, 10 taking into consideration given polishing
process conditions such as centrifugal force and wafer position.

Di scl osure of the Invention Therefore, an object of the inventionis to

D vee csoalre S [ AP RN A0 Sl S LA A, ave, 1o shaper

pol i shing surface @@hh% the conventional method, which 1s used to

form grooves at a polishing pad, wutilize a cutting

process conducted by a lathe or milling, the grooves have

5 a fixed pattern such as concentric circles or a lattice.

For this reason, it is difficult to form a groove pattern
capable of effectively controlling the flow of a slurry.

In order to solve such a problem, it is necessary

to design the shape, density and distribution of grooves,

10 taking into consideration given 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 wave-
15 shaped grooves 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

20 pad formed with wave-shaped grooves capable of



uniformy distributing the slurry over the polishing surface. Another
object of the invention is to provide a CVW 20 pad formed with wave-shaped
grooves capabloerseaf 8 WO 03/017347 PCT/ KRO1/ 01464 ef f ect iPe@lKRozoONM6r Ol | i ng
the flow of a slurry supplied onto the polishing pad during a CMP process.
In accordance with the present invention, these objects are acconplished
by providing a CW° pad used for 5 a CW process, wherein a plurality of
wave- shaped concentric grooves of different diameters each having a

desired depth, a desired width and a desired shape are forned at a
polishing surface of the pad. Brief Description of the Drawings 10 Fig. 1

is a schematic viewillustrating the configuration of a typical CW
machi ne and a polishing nethod performed using the CVMP machine; Fig. 2 is
a schematic view illustrating the concept of a CW° nethod; 15 Fig. 3a is a
schematic view illustrating a polishing pad fornmed with grooves

respectively g@@%é@ﬁ%@ﬁ@‘ controlling the flow of a slurry supplied
onto the polishing pad during a CMP process.

In accordance with the present invention, these

objects are accomplished by providing a CMP pad used for

5 a CMP process, wherein a plurality of wave-shaped

concentric grooves of different diameters each having a

desired depth, a desired width and a desired shape are

formed at a polishing surface of the pad.

Brief Description of the Drawings

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

Fig. 2 is a schematic view illustrating the concept
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 is a cross-sectional view taken along the
line A - A of Fig. 3a;

20 Fig. 4a 1is a schematic view illustrating a



formof concentric circles; Fig. 3b is a cross-sectional view taken along
the line A- Aof Fig. 3a; 20 Fig. 4a is a schematic viewillustrating a

9 WO 03/ W034/mBCT/ KRO1/ 01464 polishing pad formed wth PaTtKRoeAdsdsaped

grooves having a conventional structure; Fig. 4b is a cross-sectional
illustrating the |lattice-shaped grooves shown in Fig. 4a; 5 Figs. 5 and 6

are schematic views respectively
with a plurality

Vi ew

illustrating polishing pads each forned
of wave-shaped concentric grooves having the sane shape

while having different dianeters in accordance with the present invention;

10 Figs. 7 and 8 are schematic views respectively
pads each forned with the sane (¢grooves as a correspondi ng one of Figs.

and 6 while

spaces; 15 Fig. 9 is a schematic viewillustrating the

illustrating polishing

5

being divided into two radial regions having different groove

Fig. 7 further fornmed with a plurality

10

15

20

polishing pad formed with lattice-shaped grooves having a
conventional structure;

Fig. 4b is a cross-sectional view illustrating the
lattice-shaped grooves shown in Fig. 4a;

Figs. 5 and 6 are schematic views respectively
illustrating polishing pads each formed with a plurality
of wave-shaped concentric grooves having the same shape
while having different diameters in accordance with the
present invention;

Figs. 7 and 8 are schematic views respectively
illustrating polishing pads each formed with the same
grooves as a corresponding one of Figs. 5 and 6 while
being divided into two radial regions having different
groove spaces;

Fig. 9 is a schematic view illustrating the
polishing pad of Fig. 7 further formed with a plurality
of concentric circles of different diameters each
composed of holes; and

Fig. 10 is a schematic view illustrating a
polishing pad formed with a plurality of wave-shaped

concentric grooves while being further formed with a

10

pol i shing pad of



of concentric circles of different dianeters each conposed of holes; and
Fig. 10 is a schematic viewillustrating a 20 polishing pad formed with a
pl ural i t ywofo3mense? shaped concentric grooves while being fPortRRon/ oiwuned
with a 10 WO 03/017347 PCT/ KRO1/01464 plurality of concentric circles of
different dianeters and dianmetrical straight |ines. Best Mdde for Carrying
Qut the Invention Now, the present invention will be described in 5 detali
interms 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 thereof, a plurality of wave-shaped
concentric grooves of different 10 dianeters each having a desired depth,
wi dt h and shape. The wave-shaped grooves of the present invention have
the formof concentric sinusoidal |oops each having a desired anplitude
and a desired nunber of cycles. Various exanples of such wave-shaped

grooves are 18,11l pstrated L0 Flgs,; & 10 Aeer GPORkvelkn: SUEh. NEVES,

and diametrical straight lines.

Best Mode for Carrying Out the Invention
Now, the present invention will be described in
5 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 wave-shaped concentric grooves of different
10 diameters each having a desired depth, width and shape.
The wave-shaped grooves of the present invention
have the form of concentric sinusoidal loops each having
a desired amplitude and a desired number of cycles.
Various examples of such wave-shaped grooves are
15 illustrated in Figs. 5 to 10, respectively. Such wave-
shaped concentric grooves each having the form of a
sinusoidal loop have diverse shapes in accordance with
the number of cycles and amplitﬁde of the sinusoidal
loop. For example, the wave-shaped concentric grooves

20 may have an asteroid shape. Preferably, the sinusoidal

11



shaped concentric grooves each having the formof a sinusoidal |oop have
di verse shapes in accordance with the nunber of cycles and anplitude of

t he si nuswodal173#bop. For exanpl e, the wave-shaped concentPCTEKRMmoOvIses 20
may have an asteroid shape. Preferably, the sinusoidal 11 WD 03/017347
PCT/ KRO1/ 01464 | oop has a nunber of cycles corresponding to 3 to 1, 000.
The shape of the grooves may be varied by adjusting the nunber of cycles
and anplitude of the sinusoidal |oop in accordance with the given
polishing conditions. 5 Referring to Figs. 5, 7, and 9, wave-shaped
concentric grooves each having the formof a sinusoidal |oop having a
nunber of cycles corresponding to 12 are illustrated, respectively. Also,
Figs. 6 and 8 illustrate wave-shaped concentric grooves each having the
formof a sinusoidal 10 |oop having a nunber of cycles corresponding to 6,
respectively. Such concentric grooves, which have the sane wave shape, are

accor dance. w105 e br BebRTBEE PR G o e oAb . Bach or aove has. &
wi dth of 10 Ifﬁg shape of the grooves may be varied by adjusting the
number of cycles and amplitude of the sinusoidal loop in
accordance with the given polishing conditions.
5 Referring to Figs. 5, 7, and 9, wave-shaped concentric
grooves each having the form of a sinusoidal loop having
a number of cycles corresponding to 12 are 1illustrated,
respectively. Also, Figs. 6 and 8 illustrate wave-shaped
concentric grooves each having the form of a sinusoidal
10 loop having a number of cycles corresponding to 6,
respectively.

Such concentric grooves, which have the same wave
shape, are formed on a polishing pad while being spaced
apart from one another in accordance with the present

15 invention. Preferably, each groove has a width of 10 Em
to 10 mm. Also, the space defined between adjacent ones
of the grooves is preferably within a range of 10 Em to
100 mm.

The wave-shaped concentric grooves formed on the

20 polishing pad may be uniformly or non-uniformly spaced

apart from one another. Referring to Figs. 5 and 6,

12



to 10 nm Also, the space defined between adjacent ones of the grooves is

preferably within a range of 10 "Emto 100 mm The wave-s

haped concentric

grooves fwoprmediom’t he 20 polishing pad may be uniformy @cTr®HODicor My

spaced apart fromone another. Referring, to Figs. 5 and
03/ 017347 PCT/ KRO1/ 01464 polishing pads are illustrated,
a plurality of wave-shaped concentric grooves uniformy
one anot her. The groove space may vary in accordance with
thereof. Preferably, the polishing pad has at |east two s
havi ng different groove spaces in order to mnimze the n

6, 12 WO

each of which has
spaced apart from
the 5 radius

ets of grooves
on-uniformty of

the slurry caused by centrifugal force generated during a polishing

process. 10 For exanple, the groove space nay be gradually
the central portion to the peripheral portion of the pol
being inversely proportional to an increase in the radius

reduced from
shing pad while
thereof. In

accordance mﬁﬁglﬁgﬁiﬁﬁesggésiQﬁ&ptEQEUSEQ%ted, each of which has a

plurality of wave-shaped concentric grooves uniformly

spaced apart from one another.

The groove space may vary in accordance with the

5 radius thereof. Preferably, the polishing

pad has at

10

15

20

least two sets of grooves having different groove spaces
in order to minimize the non-uniformity of the slurry
caused by centrifugal force generated during a polishing
process.

For example, the groove space may be gradually
reduced from the central portion to the peripheral
portion of the polishing pad while being inversely
proportional to an increase in the radius thereof.

In accordance with the present invention, the
polishing pad may be divided into a plurality of radial
regions. Each radial region of the polishing pad may be
formed with a plurality of grooves having the same shape
while being uniformly spaced apart from one another.
Fach radial region may have a groove depth, groove width,
or groove different from that of the remaining radial

region.

13



15 polishing pad may be divided into a plurality of radial regions. Each
radial region of the polishing pad may be forned with a plurality of
grooves mwoiop@13he sane shape while being unifornly spacedTa®miifenom one
anot her. Each radial region may have a groove depth, groove w dth, 20 or
groove different fromthat of the remaining radial region. 13 WO 03/017347
PCT/ KRO1/ 01464 As shown in Fig. 6 or 7, the polishing pad may be divided
into inner and outer radial regions respectively defined at opposite sides
of a circle having a radius ro. The inner radial region has a radius
smaller than the 5 radius ro (r < ro) whereas the outer radial region has a
radius larger than the radius ro (r > ro). Each of the inner and outer
radi al regions has a uniform groove space. Also, the inner radial region
may have a larger groove space than that of the outer radial region. 10
Concentric circles or lines each conposed of holes, grooves, or a

conbi nation thereof, _may be additi Y f-prneg. 0p,t hen PRLT sAkngRAGd or med

( . %gnagl o]
with the above described wave-shaped concéntric grooves.

divided into inner and outer radial regions respectively
defined at opposite sides of a circle having a radiﬁs ro.
The inner radial region has a radius smaller than the

5 radius ry (r < rg) whereas the outer radial region has a
radius larger than the radius ro (r > ro). Each of the
inner and outer radial regions has a uniform groove
space. Also, the inner radial region may have a larger
groove space than that of the outer radial region.

10 Concentric circles or lines each composed of holes,
grooves, or a combination thereof may be additionally
formed on the polishing pad formed with the above
described wave-shaped concentric grooves.

Referring to Fig. 9, a polishing pad is illustrated

15 which has, at its polishing surface, a plurality of
concentric circles of different diameters each composed
of holes, in addition to the grooves shown in Fig. 7.
The space between adjacent ones of the concentric circles
may be uniform or non-uniform. Also, the circle space

20 may vary gradually in accordance with the radius thereof.

Referring to Fig. 10, a polishing pad is

14



Referring to Fig. 9, a polishing pad is illustrated 15 which has, at its
polishing surface, a plurality of concentric circles of different

di anet er sweashi1wsenposed of holes, in addition to the groocekmhows4i n Fig.
7. The space between adj acent ones of the concentric circles may be
uniformor non-uniform Also, the circle space 20 nmay vary gradually in
accordance with the radius thereof. Referring to Fig. 10, a polishing pad
is 14 WD 03/017347 PCT/ KRO1/01464 illustrated which has, at its polishing
surface, a plurality of concentric circles of different dianeters each
conposed of holes and four dianmetrically-extending straight |lines each
conposed of holes, in addition to the 5 above described wave-shaped
concentric holes. Preferably, the straight lines formed on the polishing
pad are symetrical in a dianetrical direction. O course, it is possible
to formstraight lines in the form of a lattice or oblique lines. 10 As

appar ent ”O(fjﬁ‘n;ﬂfst%%&v deserdipt iy, the prigsenty o1 nyentd onspravides A
Fﬁ|lshlng pad forned wth a plurality of wave-shaped concentric grooves of
e sane

plurality of concentric circles of different diameters

each composed of holes and four diametrically-extending

straight lines each composed of holes, in addition to the

5 above described wave—-shaped concentric holes.
Preferably, the straight lines formed on the polishing
pad are symmetrical in a diametrical direction. Of
course, it is possible to form straight lines in the form
of a lattice or oblique lines.

10 As apparent from the above description, the present
invention provides a polishing pad formed with a
plurality of wave-shaped concentric grooves of the same
shape while having different diameters. It is possible
to make the grooves with diverse patterns by varying the

15 wave shape, groove width, groove depth or groove space.
The pattern of the grooves may be further diversified
where the polishing pad is additionally formed with a
plurality of concentric circles or straight lines each
composed of grooves, holes or a combination thereof.

20 In order to allow the slurry to easily approach the

central portion of the wafer during the polishing

15



shape while having different dianeters. It is possible to make the grooves
with diverse patterns by varying the 15 wave shape, groove w dth, groove
depth or wyowewersgpace. The pattern of the grooves nmay bePCOKROG/01464
diversified where the polishing pad is additionally formed with a
plurality of concentric circles or straight |ines each conposed of

grooves, holes or a conmbination thereof. 20 In order to allow the slurry to
easily approach the central portion of the wafer during the polishing 15
WO 03/017347 PCT/ KRO1/01464 process, the groove space, width or depth at a
portion of the polishing pad nost frequently contacting the central
portion of the wafer may al so be adjusted. Preferably, the formation of

hol es or grooves 5 according to the present invention is achieved using a
| aser machining process. The laser machining process provides advantages
inthat it is capable of precisely machining holes or grooves having a

conplicated structure h es r Qav thyra.s Ogknner
surface, and %ﬁ%l?y adfﬁgté%QQV% ggﬁg%é WE?E% 8 §ép§% 2% Egﬁghﬁéleg or
the polishing pad most frequently contacting the central

grooves.
portion of the wafer may also be adjusted.

Preferably, the formation of holes or grooves

5 according to the present invention is achieved using a

laser machining process. The laser machining process

provides advantages in that it is capable of precisely

machining holes or grooves having a complicated

structure, making the holes or grooves with a smooth

10 inner surface, and easily adjusting the shape, size, and

depth of the holes or grooves.

Industrial Applicability
The polishing pad, which is formed with a plurality
of wave-shaped concentric grooves having the same shape
15 while having different diameters in accordance with the
present invention, is advantageous in that it can have
diverse groove and hole patterns capable of optimally
meeting the given poliéhing process conditions.

The wave-shaped grooves of the polishing pad

20 according to the present invention provides an increased

16



I ndustrial Applicability The polishing pad, which is formed with a
plurality of wave-shaped concentric grooves having the sane shape 15
whi | e hawog@3giBierent dianeters in accordance with the pPEeIsRoLioMsent i on,

i s advantageous in that it can have diverse groove and hol e patterns
capable of optimally L neeting the given polishing process conditions. The
wave- shaped grooves of the polishing pad 20 according to the present

i nvention provides an increased 16 WO 03/017347 PCT/ KR0O1/ 01464 area,

t hrough which a slurry passes before outwardly being discharged during a
pol i shing process, as conpared to grooves having the formof concentric
circles. Accordingly, it is possible to retard the discharge rate 5 of the
slurry while uniformy distributing the slurry over the polishing surface,
and effectively controlling the flow of the slurry during the polishing
process, thereby maintaining a stable desired polishing rate and

achi eving an Lpppoveg, pLanar iaatdiong 101 Abhoudhsddie piaigls eduehodnient s
of the invention
being discharged during a polishing process, as compared
to grooves having the form of concentric <circles.
Accordingly, it is possible to retard the discharge rate
5 of the slurry while uniformly distributing the slurry
over the polishing surface, and effectively controlling
the flow of the slurry during the polishing process,
thereby maintaining a stable desired polishing rate and
~achieving an improved planarization.

10 Although the preferred embodiments of the invention
have been disclosed for illustrative purposes in
conjunction with a polishing pad having wave-shaped
grooves, those skilled in the art will appreciate that
various modifications, additions and substitutions are

15 possible, without departing from the scope and spirit of

the invention as disclosed in the accompanying claims.
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have been disclosed for illustrative purposes in conjunction with a
pol i shing pad having wave-shaped grooves, those skilled in the art wll
appr eci atwotobat734vari ous nodi fications, additions and sub®CItKRoLONs4are 15
possi bl e, without departing fromthe scope and spirit of the invention as
di scl osed in the acconpanying clains. 17 WD 03/017347 PCT/ KR0O1/ 01464
Clains 1. A chem cal mechanical polishing pad used for a chem ca
mechani cal polishing process, wherein a plurality of wave-shaped
concentric grooves of different 5 dianeters each having a desired depth, a
desired width and a desired shape are fornmed at a polishing surface of
the pad. 2. The chem cal nechanical polishing pad according to claiml,
wherein each of the wave-shaped concentric 10 grooves has the formof a
si nusoi dal |1 oop having a nunber of cycles corresponding to 3 to 1,000. 3.
The chem cal nechani cal polishing pad according to claim1, wherein each
of the wave-shaped capcentric grooves has a width of 10 "Emto 10 nmm

1. A chemical mechanical polishing pad used for a

chemical mechanical polishing process, wherein a
plurality of wave-shaped concentric grooves of different

5 diameters each having a desired depth, a desired width
and a desired shape are formed at a polishing surface of

the pad.

2. The chemical mechanical polishing pad according
to claim 1, wherein each of the wave-shaped concentric
10 grooves has the form of a sinusoidal loop having a number

of cycles corresponding to 3 to 1,000.

3. The chemical mechanical polishing pad according
to claim 1, wherein each of the wave-shaped concentric

grooves has a width of 10 Em to 10 mm.
15 4, The chemical mechanical polishing pad according
to claim 1, wherein the wave-shaped concentric grooves

are spaced apart from one another, so as to have a groove

18



15 4. The chem cal nechani cal polishing pad according to claim1, wherein
t he wave-shaped concentric grooves are spaced apart from one another, so
as to hawoasgrseve 18 WO 03/017347 PCT/KRO1/ 01464 spac@CofKrRo@/0146m to 100
mm 5. The chem cal nechani cal polishing pad according to claim1, wherein
t he wave-shaped concentric grooves are uniformy or non-uniformy spaced
apart fromone 5 another. 6. The chem cal nechanical polishing pad
according to claiml1, the wave-shaped concentric grooves are non-
uniformy spaced apart fromone another so that the groove space defined
bet ween adj acent ones of the grooves 10 is gradually reduced froma central
portion of the pad to a peripheral portion of the pad. 7. The chem cal
mechani cal polishing pad according to claim1, wherein the pad is divided
into a plurality of radial regions forned with the wave-shaped concentric
15 grooves, the grooves of each of the radial regions having the sane

groove dept h, éggesgge gregve.w gphy,and the sane groove space while each
of the radial Tegrons eln

5. The chemical mechanical polishing pad according
to claim 1, wherein the wave-shaped concentric grooves
are uniformly or non-uniformly spaced apart from one

5 another.

6. The chemical ﬁechanical polishing pad according
to claim 1, the wave-shaped concentric grooves are non-
uniformly spaced apart from one another so that the
groove space defined between adjacent ones of the grooves

10 is gradually reduced from a central portion of the pad to

a peripheral portion of the pad.

7. The chemical mechanical polishing pad according
to claim 1, wherein the pad is divided into a plurality
of radial regions formed with the wave-shaped concentric

15 grooves, the grooves of each of the radial regions having
the same groove depth, the same groove width, and the
same groove space while each of the radial regions being

different from the remaining radial regions in terms of
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different fromthe remaining radial regions in ternms of 19 WO 03/017347
PCT/ KRO1/ 01464 at | east one of ~ a groove depth, a groove width, and a
groove spwoa3/08734¢The chem cal nechani cal polishing pad ac®crdiRig/01468 any
one of clainms 1 to 7, wherein a plurality of 5 concentric circles each
conposed of grooves, holes or a conbination thereof are further forned at
the polishing surface. 9. The chem cal nechani cal polishing pad according
to claim8, wherein the concentric circles are spaced 10 apart from one
anot her so that they are grouped into at |east two sets having different
groove spaces. 10. The chem cal nechanical polishing pad according to
claim8, wherein the concentric circles are spaced apart from one anot her
so that the circle space defined 15 between adjacent ones of, the
concentric circles is gradually reduced froma central portion of the pad
to a peripheral portion of the pad. 20 WD 03/017347 PCT/ KRO1/ 01464

at least one of- a groove depth, a grobve width, and a

groove space.

8. The chemical mechanical polishing pad according

to any one of claims 1 to 7, wherein a plurality of

5 concentric circles each composed of grooves, holes or a
combination thereof are further formed at the polishing

surface.

9. The chemical mechanical polishing pad according
to claim 8, wherein the concentric circles are spaced
10 apart from one another so that they are grouped into at

least two sets having different groove spaces.

10. The chemical mechanical polishing pad according
to claim 8, wherein the concentric circles are spaced
apart from one another so that the circle space defined

15 between adjacent ones of the concentric circles 1is
gradually reduced from a central portion of the pad to a

peripheral portion of the pad.
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11. The chem cal nmechani cal polishing pad according to any one of clains 1
to 7, wherein one or nore straight |ines each conposed of grooves, holes
or a conbwoaioor47t hereof are further forned at the poliskCAKRyaO1465 12.
The chem cal nechanical polishing pad according to claim1ll, wherein the
straight lines are grouped into a group of horizontal straight |ines
spaced apart from one another and a group of vertical straight |ines
spaced apart from one another while crossing the horizontal 10 straight
lines to forma lattice structure. 13. The cheni cal mechani cal polishing
pad according to claim1ll, wherein the straight |lines cross together at a
center of the polishing surface so that they are symetrically arranged in
a dianetrical direction. 15 14. The chem cal nechani cal polishing pad
according to any one of clains 1 to 7, wherein a plurality of concentric
circles each conposed of grooves, holes or a conbination thereof and one

or more straight |ing hché&l%%a 034 QL34 af%@ﬁm&%éd ge&r@ea@qgof

grooves, holes or a co i nation ereof are urther forned at
pol i shi ng SUV%écsny one of claims 1 to 7, wherein one or more straight

lines each composed of grooves, holes or a combination

thereof are further formed at the polishing pad.

5 12. The chemical mechanical polishing pad according
to claim 11, wherein the straight lines are grouped into
a group of horizontal straight lines spaced apart from
one another and a group of vertical straight lines spaced
apart from one another while crossing the horizontal

10 straight lines to form a lattice structure.

13. The chemical mechanical polishing pad according
to claim 11, wherein the straight lines cross together at
a center -of the polishing surface so that they are

symmetrically arranged in a diametrical direction.

15 14. The chemical mechanical polishing pad according
to any one of claims 1 to "7, wherein a plurality of
concentric circles each composed of grooves, holes or a

combination thereof and one or more straight lines each
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15. The chemi cal nechani cal polishing pad according to any one of clainms 1
to 7, wherein the wave-shaped 5 grooves are machined by a | aser. 22
WO 03/017347 PCT/KR01/01464

composed of grooves, holes or a combination thereof are

further formed at the polishing surface.
15. The chemical mechanical polishing pad according

to any one of claims 1 to 7, wherein the wave-shaped

5 grooves are machined by a laser.
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