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PAD ~ HAVI NG WAVE- SHAPED GROOVES Techni cal Field The present invention
relates to a polishing pad 5 used in a chem cal mechanical polishing

‘process, andOodfEs¢particularly to. a chenical nechanicalﬂgﬂkﬁﬁhﬁg4pad
formed at a polishing surface thereof with a plurality of wave-shaped
concentric grooves of different dianeters each having a desired depth,
wi dt h and shape. 10 Background Art Generally, chem cal nechanical polishing
(CWP) is a high precision/mrrored surface polishing nethod used to obtain
gl obal planarization 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
waf er. Using the polishing pad, the etched surface of the wafer is
mechani cally polished. Referring to Fig. 1, a typical CW machine, which 1
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CHEMICAL MECHANICAL POLISHING PAD

HAVING WAVE-SHAPED GROOVES

Technical Field
The present invention relaées 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 shaps.

10 . Background Art
Generally, chemical mechanical polishing (CMP) is a
high precision/mirrored surface pélishiﬁg methdd 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




PCT/ KROI / 01464 is denoted by the reference nunmeral 1, is sche [ I
illustrated. Also, a CVWP nethod using the CMP machine 1 is sc eﬁ%@?%%?ﬁ%Poe
Illustrated in Fig. 2. The CWP nethod includes a chem cal etching reaction

process and%® B/ Edhani cal polishing process, which are comeygh@dMsi N @
polishing pad 10 included in the CVWP machine |.- 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
making 10 it possible for the mechanical polishing process, follow ng the
chem cal etching reaction, to be easily carried out. In the nechanica
pol i shing process, the 'polishing pad 10, which is fixedly mounted on a
platen 20, rotates. The wafer 30, which is firmy held by a 15 retai ner
ring 32, rotates while oscillating. A slurry containing abrasive particles
is supplied to the polishing pad 10 by a slurry supply neans .40. The
supplied slurry is introduced between the polishing pad 10 and the wafer
30. The introddcediemnttad vey pehe | cederata omendmtio 1,04 | sEidmAOTEAGy Wi t h
the wafer 30 by, virtue of a relative rotating speed difference between the
2 15 February 2008'8k53F$Fe178490, a CMP method using the CMP machine 1

is schematically illustrated in Fig. 2. The CMP method
includes a chemical etching reéction process and a
5 mechanical polishing procéés, 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, xrotates. The wafer 30, which is firmly held by a
15 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 and the wafer 30. The introduced abrasive particles
20 come into frictional contact with the wafer 30 by wvirtue

of a relative rotating speed difference between the




PCT/ KROL/ 01464 polishing pad 10 and the wafer 30, so that they1§?@@ﬁﬁ£n12006
mechani cal polishing. The slurry 42 is a colloidal [|iquid containing
abrasive particles having a grain size of nanometers. This slurry 42 is

spread on tWé& @MMTdhi ng 5 pad 10 during the polishing pr09ﬁ§ﬁ¥nﬁﬁu&ﬂe
polishing pad 10 rotates during the polishing process, 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 polishin ad 10. In order to achieve an enhanced
p gnp
ol ishing efficiency, many abrasive particles should remain for a
p g y y p
desirable lengthy period of tinme on the wupper surface of the polishing pad
10 so that they participate in the polishing of the wafer. That is, the 15
~polishing pad 10 should make the slurry 42 be held on the surface thereof
for as long a period of tine as possible. Centrifugal force generated
during the rotation of the CVMP pad is higher at a position nearer to the
periphery of thelichisig mrdpdd Dk Hie studera 3020 see bl gl RLESc
difference between different radial positions on the polishing pad, the
slurry on the Zephapdigadar poR0S6ingD 03/ME734TIurry 42 is a colloidal
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
pad 10 rotates during the polishing 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
10 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
15 - 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

20 centrifugal force difference between different radial

positions on the polishing pad, the slurry on the




RCT/ KRO1/ 01464 polishing pad exhibits an increased flow rate aggi
approaches the periphery of the polishing pad. Thus, the slur?SF%g"R“yzoo6
non-uniformy distributed in the radial direction of the pollshlng pad.

Due to suchw® 030m73%87 uni form di stribution of the slurry, tggj non-
uni formy polished because its polishing rate is varied en |ng on a
radi al position of the polishing pad in contact with the mafer s surface.
Such a variation in polishing rate affects the planarization 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 conmes into frictional contact with abrasive particles. Due
to this pressure, however, it may be difficult for the slurry to 20 reach
the central popelbshbigt lpedvagenibfos tahi sinessased tthews! dtey @y be
distributed at the central portion of 4 15 February 2006 WO 03/017347
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 is 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 planarization 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 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




PCT/ KRO / 01464 the wafer in a relatively reduced anount, as co
the anount at the peripheral portion of the wafer. As a resulngﬁﬁﬁuéégégos
is non-uniformy polished. In order to solve such a problem a nmethod has

been 5 propB¥EE01737 whi ch hol es or. grooves having a desiregl /ﬁ?ﬂ%@s dept h
and shape are fornmed on a CWP pad. Such holes or grooves act Yt rol
the flow and distribution of the slurry continuously supplied during the
pol i shing process. 10 Now, holes or grooves conventionally fornmed 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- A of Fig. 3a. As shown in
Figs. 3a and 3b, the grooves forned on the polishing pad have the form of
concentric circles uniformy spaced apart fromone another in a radial
direction while having 20 different diameters, respectively. The slurry,
which is contithousfesuppld eklattioellye rpahadi agoRdd, d$ SAMRBLPL 1o
February 2006 MO 03/ 017347
he 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, 4in which holes ror 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 desecribed in conjunction with the
annexed drawings.

Fig. 3a 4is a schematic view 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 slufry, which is

continuously supplied onto the polishing pad, is forced




PCT/ KROL101464 to nove outwardly by a centrifugal force generangﬁﬁﬁﬁgﬂgzoos
polishing pad rotates. As a result, during the polishing process
slurry is tenporarily collected in the concentric circular grooves and

I
t hen out war WG4 char ged from those grooves. An exanpl ep gﬁ“
concentric circular grooves is disclosed in US. Patent No ﬂ?ﬂ? Gfﬁg
Fig. 4ais a schematic viewillustrating a polishing pad forned wit I
grooves having the formof a 10 . lattice. Fig. 4bis a cross-sefplﬁpa |
viewillustrating the lattice-shaped grooves of Fig. 4a. The polishing pa
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 grones
to forma lattice. 15 Such |attice-shaped grooves serve to co!lectha slurry
continuously supplied onto the polishing pad, thereby retarding t ? ]
di scharge of the slurry caused by centrifugal force. In the case o ft e
conventional polishing pad 20 havi ng grooves uniformy spaced apart goqg
one another, tfemeVgr pPtyapply dely ontaernthe foghils Abnge p@éliézﬁaﬂﬁd]@%r ete
WD _Q3/ Q17347
February 2006 pol (J)_shgng pad rotates. As a result, during the polishing
process, the slurry is temporarily collected in the
concentric  cgircular grooves, and then outwardly

5 discharged from those grooves. An example of such
concentric circular grooves is disclosed in U.8. Patent
No. 5,984,769.

Fig. 4a is a schematic view illustrating 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



RCT/ KROI /01464 from flowing toward the central portion of a wafgEgi 98, 2006
polished at regions where the polishing pad is in contact wth the water.
As a result, a degradation in polishing rate occurs at the central portion

of the waf eWOWB/0E3#te | atti ce-shaped grooves extend in a”lﬂﬁ?ﬂﬁﬂm;ﬁﬁate to
the periphery of the polishing pad without having any closed portion, the
slurry supplied onto the polishing pad is easily discharged fromthe
polishing pad. As a result, the lattice-shaped grooves cause an 10

i ncreased consunption of slurry, as conpared to concentric circular
grooves. It was also reported that holes cause increased consunption of
slurry, as conpared to lattice-shaped grooves, because those hol es involve
a reduction of the cross-sectional area capable of storing 15 slurry. In
the case of concentric circular grooves, a superior slurry storage capacity
i s obtained because each groove has a partially closed structure having
vertical groove walls capable of retaining the slurry in the groove

agai nst centri fgga flordag aswevdpbhedeent mihgror2dost biichuwager HOWENET
this structure has a drawback in that each groove has an insufficient
dept h corr espoR@laghed18t Fepgicis Wees WRR0BPDLFBYY 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. 1In the case of concentric é&ircular grooves, a
superior slurry storage capacity is obtained because each
groove has a partially closed étructure 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




PCT/ KRO /01464 to 1/4 of the thickness of the polishing pad. Sﬁﬁ%l&rngryzoos
conventional nethod, which is used to formgrooves at a polishing pad,
utilize a cutting process conducted by a lathe or mlling, the grooves

have 5 a fi YEW0¥MIM¥érn such as concentric circles or a | at pdgRmo10TR thi s
reason, it is difficult to forma 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. D sclosure of the Invention
Therefore, an object of the invention is to provide a CW pad for a CW
process which is forned with wave 15 shaped grooves capabl e of retarding
the discharge rate of a slurry supplied onto a polishing surface while
uniformy distributing the slurry over the polishing surface. Another
object of the invention is to provide a CVW 20 pad fornmed w th wave-shaped
grooves capabl &®fl/d o5 fthisr thigkness oD 08/ PLIISRIRGTHHROL/ 01464

Since the conventional method, which is used to
fo;m grooves at a polishing pad, utilize 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.

Discleosure 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




effectively controlling the flow of a slurry supplied onto thﬁSﬂQﬂhﬁESﬁQOOﬁ
pad during a CVP process. In accordance with the present invention

" obj ects are acconplished by providing a CW pad used for 5 a CW process
wherei n a pM&&MT¢7 of wave- shaped concentric grooves of ﬁ#’ﬁﬁ
n e5|red shap

di aneters each having a desired depth, a desired width a
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 CWP machine and a polishing nethod performed using the CW
machine; Fig. 2 is a schematic view illustrating the concept of a CW
nmethod; 15 Fig. 3a is a schematic viewillustrating a polishing pad forned
w th grooves respectively having the formof concentric circles; Fig. 3b
is a cross-sectional view taken along the line A- Aof Fig. 3a; 20 Fig.
4a is a schematic view illustrating a 9 15 February 2006 WO 03/ 017347
PCT/ R01101464 pollshlng pad fornmed with |attice-shaped grooves having a
effectively 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

lQ 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 is a schematic view illustrating a
polishing pad formed with grooves respectively having the
form of concentric ecircles;

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

20 Fig. 4a is a schematic view illustrating a




conventional structure; Fig. 4b is a cross-sectional view ill ugsirdyrdry 8606
| att rce- shaped grooves shown in Fig. 4a; 5 Figs. 5 and 6 are schematic
vi-ews respectively illustrating polishing pads each fornmed with a
plurality WOE4shaped concentric grooves having the sas@yRk@ARgss i | €

having different dianmeters in accordance with the present invention;
Figs. 7 and 8 are schematic views respectively illustrating polishing pads
each fornmed with the sane grooves as a corresponding one of Figs. 5 and 6
while being divided into two radial regions having different groove
spaces; 15 Fig. 9 is a schematic view illustrating the polishing pad of
Fig. 7 further formed with a plurality of concentric circles of different
di aneters each conposed of holes; and Fig. 10 is a schenmatic view
illustrating a 20 polishing pad formed with a plurality of wave-shaped
concentric grooves while being further forned with a 10 15 February 2006 WO
03/017347 PCT/ KRO1/01464 plurality of concentric circles of different
di anet er s 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;
5 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:

10 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
droove spaces;

15 Fig. 9 1is 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 -

20 polishing pad formed with a plurality of wave-shaped

concentric grooves while being further formed with a

10




and dianetrical straight lines. Best Mdde for Carrying Qut t he15PedUBAN2006
Now, * the present invention will be described in 5 detail in ternms of its
constitution and function, with reference to the annexed drawi ngs. in
accor dance WOtW/0173¢7 present invention, a CWP pad is proviggd- i gy has, at
a polishing surface thereof, a plurality of wave-shaped concentri c grooves
of different 10 dianeters each having a desired depth, w dth and shape.

The wave-shaped grooves of the present invention have the form of
concentric sinusoidal |oops each having a desired anplitude and a desired
nunber of cycles. Various exanples of such wave-shaped grooves are 15
illustrated in Figs. 5 to 10, respectively. Such wave- shaped concentric
grooves each having the formof a sinusoidal |oop have diverse shapes in
accordance with the nunber of cycles and anplitude of the sinusoidal

| oop. For exanpl e, "'the wave-shaped concentric grooves 20 may have an
asteroid shape. Preferably, the sinusoidal . 11 15 February 2006 WO

03/ 017347 PCT/ KROIf014&4 dDHopohasniaritumbircDds Cye! B FFREaSPGRGta 3 to
1,000. The shape of the grooves nmay be varied by adjusting the
and diametrical straight lines.

Best Mode for Carrying Out the Invention
Now, the presént 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
pluraiity 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 sinuscidal loops each having
a desired amplitude and a desired number of cycles.
Various examples of such wave—-shaped ¢grooves are
i5 illustrated in Figs. 5 to 10, respectively. 8Such wave-
shaped concentric grooves each having the form of a
sinusoidal loop have diverse shapes in accordance with
the number of cycles and amplit;ade of the sinusoidal
loop. For example, the wave-shaped concentric grooves

20 may have an asterocid shape. Preferably, the sinusoidal

11




number of cycles and anplitude of the sinusoidal |oop in accongdaukushy Pooe
the given polishing conditions. 5 Referring to Figs. 5, 7, and 9,

wave- shaped concentric grooves each having the form of a sinusoidal |oop
having a nWRJBM1BR7 cycl es corresponding to 12 are ill ust r@é®rRroioi46s
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 fornmed on a polishing pad while being spaced
apart fromone another in accordance with the present. 15 invention.
Preferably, each groove has a width of 10 Em to 10 mm Al so, the space

defi ned between adjacent ones of the grooves is preferably within a range
of 10 "Emto 100 mm' The wave-shaped concentric grooves fornmed on the 20
polishing pad may be uniformly or non-uniformy spaced apart from one
another. Referring,to Figs. 5 and 6, 12 15 February 2006 WO 031017347

1' CT/ KROL/ 014649581 ibsfi rfy padheracd idvicdesr gpstespanting it hedvals, 000.
plurality of m%j%;sha ed concentric grooves uniform

shape of the grooves may be varleg'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 illustrated,

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 oﬁes
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




spaced apart fromone another. The groove space nmay vary in acesIFprGary2006
the 5 radius thereof. Preferably, the polishing pad has at |east two sets
of grooves having different groove spaces in order to nmininze the

non- uni f or WVYP3B173¢he slurry caused by centrifugal force pgaRgiRbeds duri ng
a polishing process. 10 For exanple, the groove space nmay be gradually
reduced fromthe 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 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 having the
same shape while being uniformy spaced apart from one another. Each
radi al region may have a groove depth, groove wi dth, 20 or groove different
fromthat of the remaining radial region. 13 15 February 2006 WO 031017347

PCT/ KRO / 01464 As shown in Fig. 6 or 7, the polishing pad may be divided
into inner and RRtEFhimgHi BRdpegnsiléspbraiad) yeach 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
least two sets of grooves having differeht'groove spaces
in order to minimize the non-uniformity of the slurry
caused by centrifugal force generated during a polishing
process.

10 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

15 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 grooﬁes having the same shape
while being uniformly spaced apart from one another.
Bach radial region may have a groove depth, groove width,

20 or groove different from that of the remaining radial

region.

i3



defined at opposite sides of a circle having a radius ro. The 15MruaAf a6
region has a radius smaller than the 5 radius ro (r < r0) whereas the outer
radial region has a radius larger than the radius ro (r > r0). Each of the

i nner and oWOI3/01EdT al regi ons has a uni form groove spacepmz\kﬁ‘ﬁmd&e i nner
radi al region may have a | arger groove space than that of the outer radial
region. 10 Concentric circles or lines each conposed of holes, grooves, or
a conbination 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 dianeters each
conposed of holes, in addition to the grooves shown in Fig. 7. The space
bet ween adj acent ones of the concentric circles may be uniformor
non-uni form Also, the circle space 20 may vary gradually in accordance
with the radius thereof. Referring to Fig. 10, a polishing pad is 14 15
February 2006 WO 03/83784qwirCinKROE/ 06464 7,1 ushier aicdd sthtihgh phas magt piet S
pol i shing surface, a plurality of concentric circles of different
di'amet er s lelded into inner and outer radial regions respectively
defined at opposite sides of a circle having a radiﬁs Yo.
The inner radial region has a radius smaller than the

"5 radius rp (r < To) whereas the outer radial region has a
radius larger than the radius ry (r > rg}). 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 rthe 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 Figqg. 10, a polishing pad is

14




each conposed of holes and four dianetrically-extending straiqBtrdyiasy 2006
each: conposed of holes, in addition to the 5 above descri bed wave- shaped
concentric holes. Preferably, the straight lines formed on the polishing
pad are synWéxdsiogak7in a dianetrical direction. O coursge ./imd.lﬁn‘i% ssi bl e

to formstraight lines in the form of a lattice or oblique I'itnes. 10 As
apparent fromthe above description, the present invention provides a
polishing pad formed with a plurality of wave-shaped concentric grooves of
the sane shape while having different dianeters. It is possible to nake
the grooves with diverse patterns by varying the 15 wave shape, groove
w dt h, 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 |ines each conposed of
grooves, holes or a conmbination thereof. 20 In order to allowthe slurry to
easily approach the central portion of the wafer during the polishing 15
15 February 2006 19#ete3ted734RipTI ROL1@E464tpr opessshime gnomemespace,
wi dth or depth at a portion of the polishing pad nost frequently
contacting the 4ty of concentric circles of different diameters

each composed of holes and four diametrically-extending

straight lines each composed of holes, ih 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 obligque 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
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portion of the wafer may al so be adjusted. Preferably, the for T8t dHruafy 2006
hol es or grooves 5 according to the present invention is achieved using a
| aser machini ng process, The | aser machining process provides advantages

in that it WOw@apmwt e of precisely machining holes or grQRﬁﬁEﬁ jng a
conplicated structure, nmaking the holes or grooves with a snn‘ﬁﬁ¥¥6 i nner

surface, and easily adjusting the shape, size, and depth of the holes or
grooves. Industrial Applicability The polishing pad, which is forned with a
plurality of wave-shaped concentric grooves having the sane shape 15
whil e having different dianeters in accordance with the present invention,
is advantageous in that it can have diverse groove and hol e patterns
capable of optimally 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 15 February 2006-WO 03/ 017347 PCTIK .
Ol/ 01464 area, through which a slurry passes before outwardly being
di scharged duripnpeesl itdld myoprecepace ASyidiparedept gE0QVESHHEM Yk t he
formof concentric circles. ' _
the polishing pad most frequently contacting the central
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
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Accordingly, it is possible to retard the discharge rate 5 of YB&earahFy 2006
while uniformy distributing the slurry over the polishing surface, and
effectively controlling the flow of the slurry during the polishing
process, tWESBBYTHRI ntaining a stable desired polishing rgk 1464
.achieving an inproved planarization. 10 Al though the preferre eﬁ%odinents
of the invention have been disclosed for illustrative purposes in
conjunction with a polishing pad havi ng wave-shaped grooves, those skilled
inthe art will appreciate that various nodifications, additions and
substitutions are 15 possible, w thout departing fromthe scope and spirit
of " the invention as disclosed in the acconpanying clains. 17 15 February
2006 CLAIMS 1. A chenical mechanical polishing pad used for a chemi cal
mechani cal polishing process, wherein a plurality of wave-shaped
concentric grooves of different diameters has the formof a sinusoidal

| oop having a nunber of cycles corresponding to 3 to 1,000, each having a
desired depth, &%8Rsi ridtraNedl hwiakeh aadesleeny sbapeear ddtmmedoatwardly
pol i shi ng surfaﬁe.of &hgggad. . . The chem cal mnechani cal polishing pad
according to clafid, SWRErRTIPL LT Oe eheolishingnapedesancent comparadyes

has a width of {10 }§¥g%% S]I%énn 3. !he &henical mechani cal polishing pad
according to claim 1, ~Wherein {HE . H&Ped OonEBREENELEE oovbECke®.
spaced apart frRmong: gl her f%’ﬁ%%sﬁglga 6 28523V Ene 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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space of 10 mto 100 mm 4. The chem cal nechanical polishing paFemraand2ogs
to claiml1, wherein the wave-shape concentric grooves are uniformy or
non-uni formy spaced apart from one another. 5. The chem cal nechani cal
pol i shing pad according to claim1, the wave-shaped concentric grooves are
non-uni formy spaced apart fromone another so that the groove space

defi ned between adjacent ones of the grooves is gradually reduced froma
central portiQhAINISt he pad to a peripheral portion of the pad. 6. The

chem cal mechani cal polishing pad according to claim1l, wherein the pad is
divided into a plurality of radial regions formed with the wave-shaped

concentric 19r R0MRMical RRIHRAY FStiskihg §AG N e tch@fgiiczﬁl mERILON Zpoﬂﬁl\fﬁ g the

same groove depth, the same groove w dth, and e same groove space while
each of the rapfogdss, mdgiednsplbalityepf vdivé-flepehtontantin drivees efindiffarem giatrrdical

regions in ter l.east one ,of roove ,depth, .a roove wdtfh, and a
groove space. ﬁl% t%g%}ghogn@l Sérzlil}smrraéclﬂo nﬁ%v%g ap?)‘friibseﬁioﬁﬁy%eécfogﬁs@%‘ﬁ‘?%ﬁdi B claim
1, wherein a pl,00Gkichatifg 4 8sedEpthebasiatywH0edeABERD S a6 ifdrik@s: £ach
conposed of grooves, hPIes or a conbination thereof are further forned at
the pol i shing RUskagetaceol thapadcheni cal nmechani cal pol i shing pad accor di ng
to claim7, wherein the concentric circles are unifornly or non-uniformy
spaced apart from one another so that they are grouped into at |east two
set s havi ng 2di THeeehsmicah medweicagadidsng fad ddverdoigamicbdah Iyethan eah opatd shi ng
pad according to claim7, wherein the concentric circles are spaced apart
from one anot hE#veghanen gencemue griopysh basspeidth o éf itmed 1beiween  adj acent ones of
the concentric circles is gradually reduced froma central portion of the
pad to a peripheral portion of the pad.

3. 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

space of 10 Um to 100 mm.

4. The chemical mechanical polishing pad according to claim 1, wherein the wave-shape

concentric grooves are uniformly or non-uniformly spaced apart from one another.

5. The chemical mechanical 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 is gradually reduced from a central

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

6. The chemical mechanical polishing pad according to claim 1, wherein the pad is
divided inio a plurality of radial regions formed with the wave-shaped concentric
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 at least one of a groove depth, a

groove width, and a groove space.

7. The chemical mechanical polishing pad according to claim I, wherein a plurality of
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10. The chem cal nmechani cal polishing pad according to clain1135wnﬁﬁagnfgm@6
or nore straight |lines each conposed of grooves, holes or a conbination
thereof are further formed at the polishing pad. 11. The chem cal _
mechani cal polishing pad according to claim 10, wherein the straight I|ines
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

anot her whil e caressi nigcléshech@oinpaad ak gBdovad, tlles |or MeSontHnalion Mhcdeof akd | ce

structure. 12. The chem cal nmechani cal polishing pad according to claim 10,
wherein the st aﬂ?nmﬂ%hﬁgpgg %SW%ﬁﬁther at a center of the polishing

surface so that they are symetrically arranged in a dianetrical .
direction. 13. The chemi cal mechanical polishing pad according to claiml1,
wherei n a pldur &hd ¢hpmizal mechagieal pplishingipad kewrdaarty dampyosbetcinfthgeaoaned, hol es

or a conbinati &% nd_one .or nore straight |ine eacg conposed of
gr ooves, holesag%£§%%§g Fﬁﬁtf%ﬁlTﬁgFgﬁﬁmgF.ﬂm%JgPthffgiﬁﬁﬁt‘Fteﬁém
pol i shing surfgoeped o atThet wheesk BalingREhad eale Patdsshi ng pad according to
claim1l1, wherein the wave- shaped grooves are machined by a laser. 19 0
9. The chemical mechanical polishing pad according to claim 7, wherein the concentric
circles are spaced apart from one another so that the circle space defined between

adjacent ones of the concentric circles is gradually reduced from a central portion of

the pad to a peripheral portion of the pad.

10. The chemical mechanical polishing pad according to claim I, wherein one or more
straight lines each composed of grooves, holes or a combination thereof are finther

formed at the polishing pad.

11. The chemical mechanical polishing pad according to claim 10, 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 straight lines to form a lattice structure.

12. The chemical mechanical polishing pad according to claim 10, wherein the straight
lines cross together at a center of the polishing surface so that they are symmetrically

arranged in a diametrical direction.

13. The chemical mechanical polishing pad according to claim 1, wherein a plurality of
concentric circles cach composed of grooves, holes or a combination thereof and one
or more straight lines each composed of grooves, holes or a combination thereof are

further formed at the polishing surface.

14, The chemical mechanical polishing pad according to claim I, wherein the wave-

shaped grooves are machined by a laser.
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