WO 03/ 011520 PCT/ KRO1/ 01462 METHOD FOR FABRI CATI NG CHEM CAL MECHANI CAL
POLI SHI NG PAD USI NG LASER Technical Field 5 The present invention rel ates
to a poliwbioagiysad used in a chem cal nechanical polishi R¢gTIKRGA$®? and
nore particularly to a nethod for form ng mcro-holes, perforations, or
grooves on a polishing pad by a | aser. Background Art 10 Generally,

chem cal nechanical polishing (CVWP) is a high precision/mrrored surface
pol i shing nmethod used to obtain global planarization in a sem conductor
device manufacturing process. In accordance with such CWP, a slurry is
suppl i ed between a polishing pad and a wafer to 15 be polished, so as to
chemcally etch the surface of the wafer. Using the polishing pad, the
etched surface of the wafer is nechanically polished. Referring to Fig. 1,
a typical CVMP nachine, which is denoted by the reference nuneral 1, is
schematically 20 illustrated. Also, a CW nethod using the CVP machine 1
is schematically illustrated in Fig. 2. The CVMP nethod includes a chem cal
etching reaction prodéESBIRRERR FARWLATEIG dolENHIAg M¥@EdSECAlnhi ch are

conducted using a polishing padri@rivachugedsirict RasEP machine 1. The 25
chem cal etching reaction is carried out by a slurry 42. That is, the

slurry 42 serves to chemcally react wwth the surface of a wafer 30 to be

pol i shed, thereby nekiRgickll pessdbl e for the mechanical polishing process,

1 VI)OB/%11520 PCT/%ﬁgl@%%g%%t invention relates to a polishing pad
used in a chemical mechanical polishing process, and more
particularly to a method for forming micro-holes,

perforations, or grooves on a polishing pad by a laser.

Background Art
10 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
slurry is supplied between a polishing pad and a wafer to
15 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
is denoted by the reference numeral 1, is schematically
20 illustrated. Also, a CMP method using the CMP machine 1
is schematically illustrated in Fig. 2. The CMP method
includes a chemical etching reaction process and a
mechanical polishing process, which are conducted using a
polishing pad 10 included in the CMP machine 1. The
25 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

it possible for the mechanical polishing process,



followi ng the chem cal etching reaction, to be easily carried out. In the
mechani cal polishing process, the polishing pad 10, which is fixedly
nount ed owoasplEten 20, rotates. The wafer 30, which is PCTRRolloeded by a 5
retainer ring 32, rotates while oscillating. A Slurry containing abrasive
particles is supplied to the polishing pad 10 by a slurry supply nmeans 40.
The supplied slurry is introduced between the polishing pad 10 and the
waf er 30. The introduced abrasive particles 10 conme into frictional contact
with the wafer 30 by virtue of a relative rotating speed difference
between the polishing pad 10 and the wafer 30, so that they conduct
mechani cal polishing. The slurry 42 is a colloidal [liquid containing
abrasive particles having a grain size 15 of nanoneters. This slurry 42 is
spread on the polishing pad 10 during the polishing process. As the
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10 and the wafer 30. The introduced abrasive particles

10 come into frictional contact with the wafer 30 by virtue
of a relative rotating speed difference between the
polishing pad 10 and the wafer 30, so that they conduct
mechanical polishing. The slurry 42 is a colloidal
liquid containing abrasive particles having a grain size

15 of nanometers. This slurry 42 is spread on the polishing
pad 10 during the polishing process. As the polishing

pad 10 rotates during the polishing process, the slurry

42 supplied to the polishing pad 10 1is outwardly
discharged from the periphery of the polishing pad 10 due

20 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 oh the
upper surface of the polishing pad 10 so that they

25 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.

In order to make the slurry Dbe held on the

polishing pad for a long period of time, there may be

30 used a method of forming spherical microcells having a



2' WO 03/011520 PCT/ KRO1/ 01462 size of mcroneters ('Em or a nethod of
formng perforations or grooves at the surface of the polishing pad. Such
m crocel IWQ op@rfser ati ons and grooves act to control the PCOERINMG1462

di stribution of the slurry 5 continuously supplied during the polishing
process. Conventionally, the formation of mcrocells at the polishing pad
is achieved using a physical nmethod or a chem cal nethod. As the physi cal
nmet hod, there is a nethod in which hollow mcroel enents each having a
cavity 10 are incorporated in a polyneric matrix to form mcrocells. As
the chem cal nethod, there is a foamng nethod in which bubbles are
chemcally forned to form mcrocells. The incorporation of m croel enents
in a polyneric 15 matrix is achieved by inpregnating a |arge anmount of

m croel ements each having a cavity into a polynmeric matrix in such a
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polishing pad is achieved using a physical method or a
chemical method. As the physical method, there is a
method in which hollow microelements each having a cavity
10 are incorporated in a pdlymeric matrix to form
microcells. As the chemical method, there is 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
matrix 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 urethane,
polyester, fluorinated hydrocarbon, or a mixture thereof.
For the microelements, inorganic salt, sugar, water
soluble gum, or resin is mainly used. Such microelements
are made of polyvinylalcohol, pectin, polyvinyl
25 pyrrolidone, polyethylene glycol, polyurethane or a
combination thereof. Such microelements have an average
diameter of about 150 ‘Em. The microelements are
uniformly distributed over the polymeric matrix in
accordance with a high shear mixing process, so that they

30 form uniform microcells. Referring to Fig. 3, microcells



accordance wth a high shear m xing process, so that they 30 form uniform
m crocel | s. F@ferring to Fig. 3, mcrocells 3 W 03/011520 PCT/KRO1/ 01462
formed uswogsphes2cavity bodies are illustrated. The pad fPoTmERb1MA6R
mcrocells in the above nentioned manner is subsequently 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 formof a
circular or oval cross section at the cut surfaces of the cut piece. The
sizes and positions of the mcro-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 uniformty anmong polishing pads. In accordance with the chem ca
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at the cut surfaces of the cut piece. The sizes and
positions 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 method 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 nucleation caused by a high shear
mixing operation. A surfactant, which serves to achieve

a reduction in surface tension, is also used to adjust

25 the size of microcells, thereby achieving a desired
uniformity of micro-cells. Microcells formed using the
foaming process are shown in Fig. 4. Where cells are

formed in accordance with the foaming process, however,
there are problems in that the cells are too large to be
30 applied to a CMP pad, that those cells have a non-uniform



foam ng process are shown in Fig. 4. Wiere cells are forned in accordance
with the foam ng process, however, there are problens in that the cells
are too lwpgeoi2be 30 applied to a CVWP pad, that those ceCr&iriawetsa
non-uni form 4 WD 03/011520 PCT/KRO1/ 01462 distribution, and that there is
no nmet hod capable of adjusting the size and distribution of the cells. The
m crocells formed using mcroel enents each having a cavity or a foam ng
process have a spherical 5 structure having a circular or oval
cross-sectional shape. Due to such a shape, the mcrocells have a cross
section varying in the thickness direction of the polishing pad. For this
reason, the cross section of each mcrocell exposed at the polishing
surface of the 10 polishing pad is varied as the polishing pad is abraded
during a polishing process. In other words, circular or oval mcrocells
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pol i shing padseatieachanizcating in the thickness direction of the
polishing pad. For this reason, the cross section of
each microcell exposed at the polishing surface of the
10 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
polishing pad are gradually reduced in diameter as the
polishing process proceeds, and finally disappear.
15 Eventually, microcells existing below the surface of the
polishing pad without being exposed, are newly exposed at
the polishing surface of the polishing pad.
Thus, the cross section of each microcell exposed
at the polishing surface of the polishing pad is varied
20 as the polishing pad varies in thickness during the
polishing process. For this reason, there is a problem
in that the polishing rate is non-uniform.
In order to form perforations or grooves at the
polishing surface of the polishing pad, a mechanical
25 machining method has been used which uses a cutting or
milling process.
Referring to Fig. 5a, a cutter 70 for forming
grooves is illustrated. When a polishing pad is machined
using the cutter 70 mounted to a tool die on a lathe

30 under the condition in which the polishing pad is



25 machi ning method has been used which uses a cutting or mlling process.
Referring to Fig. 5a, a cutter 70 for formng grooves is illustrated. Wen
a polishiwg opatisees machi ned using the cutter 70 nounted POT&ROI46di € on a
| at he 30 under the condition in which the polishing pad is 5 W 03/011520
PCT/ KRO1/ 01462 rotated, grooves are formed on the upper surface of the
polishing pad in the formof concentric circles, as shown in Fig. 5b. Fig.
5c is a cross-sectional viewtaken along the line A- A of Fig. 6b.
Referring to Fig. 6b, 5 an exenplary form of grooves fornmed using the
cutter is illustrated. In Fig. 6b, the grooves are denoted by the _
reference nurmeral 75. An exanple of grooves having the formof concentric
circles is disclosed in U 'S. Patent No. 5,984,769. 10 Referring to Fig.

6a, a horizontal mlling machine 81 is shomn on which cutting saws 82 and

spacers 83 ar eﬁotrg?ﬁgg edng&?esCUéié ”90%&@%(3 s ngg&{éﬂuéﬁgféé’e n8¥e$ .
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reference numeral 75. An example of grooves having the
form of concentric circles is disclosed in U.S. Patent
No. 5,984,769,
10 Referring to Fig. 6a, a horizontal milling machine
81 is shown, on which cutting saws 82 and spacers 83 are
mounted. The cutting saws 82 are configured to move in
an X-axis direction. A polishing pad 10 to be machined
is moved in a Y-axis direction. In accordance with these
15 movements, drooves 85 extending in a first direction are
formed on the upper surface of the polishing pad 10.
After the formation of the grooves 85, the polishing pad
10 is rotated 90°. In this state, grooves extending in a
second direction orthogonal to the first direction are
20 formed as the polishing pad 10 is moved in the Y-axis
direction. Thus, grooves arranged in the form of a
lattice are formed on the polishing surface, as shown in
figs. 6b and 6c.
Referring to Fig. T1a, perforating pins are
25 illustrated which serve to form perforations at a
polishing pad. When a perforating operation is carried
out using the perforating pins under the condition in
which the polishing pad is moved in a Y-axis direction,
perforations are formed on the polishing surface of the

30 polishing pad, as shown in Fig. 7b. An example of such



figs. 6b and 6¢c. Referring to Fig. 7a, perforating pins are 25 illustrated
whi ch serve to formperforations at a polishing pad. Wien a perforating
oper at i orwp30arseé ed out using the perforating pins undePCrherogong2zti on in
whi ch the polishing pad is noved in a Y-axis direction, perforations are
formed on the polishing surface of the 30 polishing pad, as shown in Fig.
7b. An exanple of such 6 WO 03/011520 PCT/KR01/ 01462 perforations is
disclosed in U S. Patent No. 5,853,317. Since the conventional nethods,
which are used to formgrooves or perforations at a polishing pad, utilize
a cutting process conducted by a lathe or mlling, the 5 grooves have a

fi xed 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 accordance with the method for formng
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groove pattern capable of effectively controlling the
flow of a slurry. In accordance with the method for
forming perforations using perforating pins, the
10 perforations have a fixed shape. Also, the perforations
are formed as the perforating pins are simply moved in an
X or Y-axis direction. For this reason, the perforations
have a simple and fixed pattern. Thus, it is difficult
to obtain an effective hole pattern desired in a CMP
15 process.

In a polishing pad machined to have grooves or
perforations using mechanical means, debris formed during
the machining process may be left in the grooves or

. perforations. Such debris may form scratches on a

20 surface being polished during the CMP process.

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
25 foaming process and grooves or perforations formed using
mechanical means. The present invention proposes a
method capable of easily forming micro-holes, grooves or
perforations having effective and diverse patterns on a

polishing pad.



Di scl osure of the Invention Therefore, the present invention has been nade
in order to solve the problens involved with mcrocells fornmed using

m cr oel erwotos/oemehh havi ng a cavity or a 25 foan ng proces®CarkRognosees or
perforations forned using nechanical neans. The present invention proposes
a nethod capable of easily formng mcro-holes, grooves or perforations
havi ng effective and diverse patterns on a polishing pad. 7 WD 03/011520
PCT/ KR01/ 01462 An object of the invention is to provide a nethod for
form ng mcro-holes having the sanme function as mcrocells while having a
controlled uniformdistribution and a controlled uniformsize, in order to
elimnate the 5 di sadvantages involved with conventional nethods using

m croel ements each having a cavity or a foam ng process, that is, a
non-uniformty in the size and distribution of mcrocells resulting in a

reduction or non-uniformity.n _t polishing rate of a polishin I.OCESS.
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that is, a non-uniformity in the size and distribution of

microcells resulting in a reduction or non-uniformity in

the polishing rate of a polishing process.

10 Another object of the invention 1s to provide a
method for forming grooves or perforations having diverse
shapes, sizes, and patterns to effectively control the
flow of a slurry during a polishing process, in order to
eliminate the disadvantages involved with conventional

15 mechanical methods, that is, insufficient control for the
flow of the slurry due to a fixed shape or pattern of
grooves or perforations.

In order to accomplish these objects, the present
invention provides a method for forming, on a polishing

20 pad, micro-holes, grooves or perforations having diverse
patterns desired by the user, in accordance with a laser
machining principle.

In accordance with an embodiment of the present
invention, there is provided a method for fabricating a

25 chemical mechanical polishing pad comprising the steps
of: determining a pattern of micro-hocles, grooves, or
perforated holes to be formed on a polishing pad;
inputting the determined pattern to a computer numerical
control (CNC) controller; and driving a laser device

30 adapted to irradiate a laser beam and a table adapted to



20 pad, mcro-holes, grooves or perforations having diverse pattern's
desired by the user, in accordance with a laser machining principle. In
accor dancwowshisan enbodi nent of the present invention, PhEnRMi4seovi ded
a method for fabricating a 25 chem cal nechanical polishing pad conprising
the steps of: determining a pattern of m cro-holes, grooves, or perforated
holes to be forned on a polishing pad; inputting the determ ned pattern to
a conmputer nunerical control (CNC) controller; and driving a | aser device
30 adapted to irradiate a | aser beam and a table adapted to 8 WD 03/011520
PCT/ KRO1/ 01462 conduct a three-dinensional novenent and rotation while
supporting the polishing pad, under a control of the CNC controller based
on the inputted pattern, thereby irradiating the |aser beamfromthe |aser
device onto the 5 polishing pad supported by the table while noving the
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each having atggyétﬁﬁl accordance with the inputted pattern, so that
micro-holes, grooves, or perforated holes having a
pattern corresponding to the determined pattern are
formed on the polishing pad. '

.10 Brief Description of the Drawings

Fig. 1 1s 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

15 of a CMP method;

Fig. 3 1is a photograph of microcells formed using
microelements each having a cavity;

Fig. 4 1s a photograph of microcells formed using a
foaming method;

20 Fig. 5a is schematic view illustrating a
conventional cutter for forming grooves;.

Fig. 5b is a schematic view illustrating a
polishing pad having grooves formed in the form of
concentric circles using the conventional cutter;

25 Fig. 5c is a cross-sectional view taken along the
line A - A of Fig. 6b;

Fig. 6a is a schematic view illustrating a précess
for forming grooves having a lattice pattern by a

conventional horizontal milling machine mounted with



Fig. 4 is a photograph of microcells forned using a foam ng nethod; 20
Fig. 5a is schematic viewillustrating a conventional cutter for formng
grooves; WD@3/051520 s a schematic view illustrating a poli oirgropadishavi ng
grooves forned in the formof concentric circles using the conventi onal
cutter; 25 Fig. 5c is a cross-sectional view taken along the line A- A of
Fig. 6b; Fig. 6ais a schematic view illustrating a process for formng
grooves having a lattice pattern by a conventional horizontal mlling
machi ne mounted with 9 WO 03/011520 PCT/ KR01/ 01462 conventional cutting
saws and spacers; Fig. 6b is a schematic view illustrating a polishing pad
havi ng grooves forned in the formof a lattice by the conventi onal
horizontal mlling machine; 5 Fig. 6¢c is a sectional view illustrating one
of the lattice-shaped grooves forned by the conventional horizontal
mlling naChi[§§ngﬁ%i_7a]!%3 1Bﬁ{spective iew illustrating perforating

pi ns adapt ed Ofﬁ]ﬁg} orations on 'a jﬁﬁ%%ﬁﬁ%ﬁg pad; Fig. 7b is a plan

view illustrating angoceéﬁ?fois f er mswhquertfior atvome bylfihetceniegti en
perforating pidsiieifhy pool SyfrSeF! L9BRlell ot bdasinaling aoparfgeat) no

pad havi ng perforations forned € 15 conventional perforating pins;
Fig. 8 is a schdreiic Ry e 1qanstertiqigla Nogglgontal milling machine;

5 Fig. 6c is a sectional view illustrating one of the
lattice-shaped grooves formed by the conventional
horizontal milling machine;

Fig. 7Ta 1s a perspective view illustrating
perforating pins adapted to form perforations on a

10 polishing pad;

Fig. 7b is a plan view illustrating a process for
forming perforations by the convention perforating pins;

Fig. 7c¢ is a sectional wview illustrating a
perforating pad having perforations formed by the

15 conventional perforating pins;

Fig. 8 1is a schematic view illustrating a laser
system used in the machining method according to the
present invention;

Fig. 9a is a photograph showing the cross-sectional

20 structure of micro-holes formed by a laser in accordance
with an embodiment of the present invention;

Fig. 9 is a photograph showing the plan structure
of the micro-holes formed by the laser in accordance with
the embodiment of the present invention;

25 Fig. 10 is a schematic wview illustrating a
polishing pad having micro-holes formed by the laser in
accordance with an embodiment of the present invention;:

Fig. 11 1is a schematic view illustrating a
polishing pad having perforations formed by the laser in

30 accordance with another embodiment of the present

10



system used in the machining nethod according to the present invention;
Fig. 9a is a photograph showi ng the cross-sectional 20 structure of
m cro- holwe oorsedl by a | aser in accordance w th an enbo@CraRo101462he
present invention; Fig. 9b is a photograph showi ng the plan structure of
the mcro-holes forned by the laser in accordance with the embodi ment of
the present invention; 25 Fig. 10 is a schematic view illustrating a
pol i shing pad having mcro-holes formed by the laser in accordance with an
enbodi ment of the present invention; Fig. 11 is a schematic view _
illustrating a polishing pad having perforations fornmed by the laser in
30 accordance with another enmbodi ment of the present 10 WO 03/011520
PCT/ KRO1/ 01462 invention; and Fig. 12 is a schematic viewillustrating a
pol i shing pad having grooves formed by the laser in accordance with
anot her enbodiipgehtebnthanpresent 5 invenylon. Best Nbde fpr Carry!ng_CMt
the Invention Now, the present, invention will be described in detail in
terms of its consti%%ﬁion nd funct i ofich@lakicr efEirehcell busheatimgxed
drawi ngs. 10 gsbéiphesgntpf@vefmmg utgddczRss afb@ﬁt@ﬁogyg:’] ﬂg@g cﬁai%rséﬁ?ﬁlgiﬁ:ogdl n
formation 1 - hol e rooves or rforati .
%22 Igser nac ?%P%éghﬁéthgﬁ-*hg AP ?EreeggogéﬁﬁEan(¥%e Brea BregePayer
subj ecte® to anvhRetfah.deformation. Al so, the |aser

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.

10 The present invention utilizes a laser machining
principle in the formation of micro-holes, grooves or
perforations on a polishing pad. The laser machining
method has a feature of reducing the area of a layer
subjected to a thermal deformation. Also, the laser

15 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 complex shape, eliminating generation
of noise and vibrations, and maintaining a clean working

20 environment. When a laser beam is irradiated onto the
polishing surface of a polishing pad, it abruptly
increases the surface temperature of the polishing pad.
As a result, the material of the polishing pad is melted
and evaporated at the surface region where the laser beam

25 is irradiated onto the polishing pad. As the material of
the polishing pad is removed in the above fashion at the
laser-irradiated region, machining of a micro-hole,
groove or perforation is completed.

Referring to Fig. 8, a laser machining system is

11



15 machining nmethod is perfornmed in a non-contact fashion, so that there
is no abrasion of the tool. The laser machining nethod is also capable of
preci sel ywomshiseng an article having a conpl ex shape, elPCEKRN)ONG?2
generation of noise and vibrations, and maintaining a clean working 20
environment. When a |l aser beamis irradiated onto the polishing surface of
a polishing pad, it abruptly increases the surface tenperature of the
polishing pad. As a result, the material of the polishing pad is nelted
and evaporated at the surface region where the |aser beam 25 is irradiated
onto the polishing pad. As the material of the polishing pad is renoved in
t he above fashion at the |aser-irradiated region, machining of a

m cro-hole, groove or perforation is conpleted. Referring to Fig. 8, a

| aser machining systemis 11 WO 03/011520 PCT/KR01/01462 illustrated

whi ch is used ihq,Gan a%e@“%ﬂﬁxﬁﬁsgglﬂﬁgpL@%n@?ertg %Cﬁgggkn%ac%fhf%

present invention. shown i n i Ning system inel udes
a laser devi B6tiog a1Carding atP nfhe Passenedmventiianle 1 $bpws in

conducting a regatipg n@k\!@n'elrgse?xndnécthlih%%gd' §g§§éﬁnainciﬁ9&'§§m%t 1and.a
conput er nunerjcal c ro controller 2 for control Ilng t he | aser
devi ce 100 an8€VERE 3&& Qﬁyﬁr HAGINE Ry HRRFA P bed pbPPsRedOfs for

mount ed @&n t heohahblceihdd. a 1@ cthe ioperadwsnean theely d@&@émm&eﬁaaﬁ@&m erg

o< ol BRygHLRELeS: off PR CLALLOR O Lo oL g0l L3Ripg e

perforations. controller 102 for controlling the laser device 100 and
the table 104. A polishing pad 10 to be polished is
mounted on the table 104.

10 The operator can freely determine the pattern of
micro-holes, grooves, or perforations to be formed on a
polishing pad, that is, the size, depth, and space of
those micro-holes, grooves, or perforations.

The following description will be made only in

15 conjunction with the formation of micro-holes. of
course, the formation of grooves or perforations is
carried out in a manner similar to that of micro-holes.

The operator can select a desired shape of micro-
holes from diverse shapes such as a circular shape, an

20 oval shape, a triangular shape, and a rectangular or
square shape. Also, the operator can freely determine
the diameter, width, or depth of the micro-holes. The
inclination of the micro-holes with respect to the
polishing surface and the arrangement of the micro-holes

25 can also be determined by the operator.

The pattern of micro-holes determined by the
operator is inputted to the CNC controller 102. The
pattern inputting may be achieved using a scanning
method, a CAD, or other means. The CNC controller 102

30 recognizes the inputted pattern, and controls the laser

12



The follow ng description will be made only in 15 conjunction wth the
formation of mcro-holes. O course, the formati on of grooves or

per f or at iwo3iosis2carried out in a manner simlar to that @®CTHRMoO14%0] es.
The operator can select a desired shape of mcro- holes fromdiverse shapes
such as a circular shape, an 20 oval shape, a triangular shape, and a
rectangul ar or square shape. Al so, the operator can freely determne the
di aneter, width, or depth of the mcro-holes. The inclination of the

m cro-holes with respect to the polishing surface and the arrangenent of
the mcro-holes 25 can also be determ ned by the operator. The pattern of
m cro-hol es determ ned by the operator is inputted to the CNC controller
102. The pattern inputting nmay be achieved using a scanning nethod, a
CAD, or other neans. The CNC controller 102 30 recognizes the inputted
attern, and I h I /011520 PCT/ KRO1/ 01462 device 100
gnd t he tabl e(a%(%% %Agoioh% dggglre é’%.l}:égl%o and table 104 are driven under
the control of the ZNCtéentkatger depRcea U0dseandednmbles 1044 adrat elfiomtro t he

pol i shing padyk@eFounted @t e oF tall entO4ontthenaky fonm ng 1@3%&0%%?8
having a pattern , cor onding to the pattern inputted to the

control ler 1025 ‘Fh%"tac{lg"‘ §henEe et hfe R SIVOS oPAR, 16n Iﬁcﬁént%l P§h|tr1i7gjE pad

10, m cr - hol eabhavilty ,a shapeby sifoemand mﬂ%ﬁﬂﬁﬂﬁid§¥%ﬁﬁimyebypattern
correspondi ng e t hose |nputted tohthe C%Igecontroll nd%{;let he

control of th&CERESPONAing inpu CNC
controller 102.

That 1is, the laser device 100 forms, on the

polishing pad 10, micro-holes having a shape, size and

10 space respectively corresponding to those inputted to the
CNC controller 102, under the control of the CNC
controller 102. The shape of each micro-hole such as a

circular shape, an oval shape, a triangular shape, or a
rectangular or square shape <can be determined by
15 adjusting the shape of a laser spot focused onto the
polishing pad 10. Also, the diameter or width of each
micro-hole to be formed on the polishing pad 10 can be
controlled by adjusting the size of the laser spot. For
example, when the size of the laser spot is adjusted to
20 be 10 to 150 Em, micro-holes having a diameter of 10 to
150 Em can be formed. Also, where the size of the laser
spot is adjusted to be 1 to 100 Em, micro-holes having a
diameter of 1 to 100 Em can be formed. The length of
each micro-hole and the space between micro-holes
25 arranged adjacent to each other in the travel direction
of the laser beam can also be adjusted by controlling the
continuous/intermittent irradiation period of the laser
beam. The depth of each micro-hole can be adjusted by
controlling the power of the laser beam.
30 Meanwhile, the table 104, on which the polishing

13



controll er 102. The shape of each m cro-hole such as a circular shape, an
oval shape, a triangular shape, or a rectangular or square shape can be
det er m newOlwg/01652@dj usti ng the shape of a | aser spot focuPeld/KRvoi4che
polishing pad 10. Al so, the diameter or wwdth of each mcro-hole to be
formed on the polishing pad 10 can be controlled by adjusting the size of
the | aser spot. For exanple, when the size of the |aser spot is adjusted
to 20 be 10 to 150 'Em mcro-holes having a dianeter of 10 to 150 'Em can
be fornmed. Also, where the size of the laser spot is adjusted to be 1 to
100 "Em mcro-holes having a dianmeter of 1 to 100 'Em can be fornmed. The
| ength of each mcro-hole and the space between m cro-hol es 25 arranged
adj acent to each other in the travel direction of the |aser beam can al so
be adjusted by controlling the continuous/intermttent irradiation period

of the | aser am ,The, d e 1. GF Q= zan ]
control ling tﬁ§%p23%rq%? ?ﬁganéér eag$g38m%8%ﬁmzﬁlgg%$%g ng%gsﬁégélon
whi ch the pol PSR 1oDS WHIEE? 019628, PET/ KREL/ O1aels Paretdiess noifhiéd, can

be moved in thoegtdnenshOnal andir &6t ONS, At bRk iired YHatbe@No£- @XkFo-
di rections, ile rptating about an R axis. A desired pattern of mcro-

hol es is formB@6¢ the FRLEEdpedn FPPadidiSdd BREB & 28 1860s P p&&elo,
i n accor dancepeiltibhting t hsee- dopensironabcoovearoes afithhe tiadl eth@éeal ong

of the CAC coMifSITar 102 ACEFbR t R TRSUCTRE S 8T o RSP Flt efn. TThe

m cr o- hol es mapdhdveaacdesndedhe rotation of the table 104 under the

control of the CNC controller 102 based on the inputted

micro-hole pattern. The micro-holes may have a desired

10 angle with respect to the polishing surface. The density

and arrangement of the micro-holes may also be adjusted

by controlling the moving and rotating speeds of the

table 104.

Thus, micro-holes having a desired pattern selected

15 from diverse patterns can be formed on the polishing pad

in accordance with a combination of the control for the

laser device 100 and the control for the table 104. The

formation of grooves or perforations i1s achieved using

the same method as that used in the formation of the

20 . micro-holes. Such micro-holes, grooves, and perforations

may be selectively formed on the polishing pad 10.

Alternatively, they may be formed in the form of a

combined pattern. In the latter case, the micro-holes,

grooves, and perforations may be sequentially or

25 simultaneously formed. '

Figs. 9a and 9b show photographs of micro-holes

formed 1in accordance with the present invention,
respectively.

As shown in Figs. 9a and 9b, the micro-holes formed

30 in accordance with the present invention have a uniform
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10 angle with respect to the polishing surface. The density and
arrangenent of the mcro-holes nay al so be adjusted by controlling the
novi ng arsiorenatseing speeds of the table 104. Thus, m croPodlERloasszng a
desired pattern selected 15 fromdiverse patterns can be fornmed on the
polishing pad in accordance with a conbination of the control for the

| aser device 100 and the control for the table 104. The formation of
grooves or perforations is achieved using the sanme nethod as that used in
the formation of the 20. mcro-holes. Such mcro-holes, grooves, and
perforations may be selectively formed on the polishing pad 10.
Alternatively, they nmay be fornmed in the formof a conbined pattern. In
the latter case, the mcro-holes, grooves, and perforations nay be
sequentially or 25 sinultaneously formed. Figs. 9a and 9b shOM/photographs

of nicrp'h0|eékg 3 ana %chr nﬁe a gglg 185?%395ﬁ2ﬂé99% gmoggh

respectively own“1'n Figs: 9a an m Cr O-
accor dance mnBhrfheepreEQWEV€nvemuD©nChé&e @fuﬁﬁgﬂrn3lﬂn®[ﬂ03¢©mQ52@n

PCT/ KRO1/ 01462 . di-aaRLer w?eﬂ ] HBh(rQththé!Lr}nQth‘a”u@’ﬂhbemﬁé\ébggeﬁeﬁ@m h

surface. However, m croce Fi gs and formed 1n” accordance with a
conventi onal ﬁé?ho@aﬁémﬂgQHQﬁYkﬂ%me%¥sa é&@ﬁl&%nﬁﬁ?Q?%ﬁmn$®Veo? &%6am ng

process, shaveyaifernd diHdaadics rahat izomand: @i fenn usikerm sige. thak this
reason, the mcrocells, which, are(gﬁLosed as the pollshuxgcprocess

proceeds hav&SASRuni f¥m dFgsc hich ~are  'exp

polishing ©process proceeds, have non-uniform <cross
sections. The micro-holes of the present invention have
the same function as the conventional microcells in that

10 they supply abrasive particles while collecting debris
produced during the polishing process, and discharge the
collected debris when the polishing pad is reconditioned.
In addition, the micro-holes of the present invention
have a uniform distribution and a uniform size.

15 Accordingly, the micro-holes of the present invention
have considerably superior effects over those of the
conventional microcells. In accordance with the present
invention, the distribution, density, and size of micro-
holes can be freely determined, if desired.

20 The oblique region at the lower right portion of
the photograph'shown in Fig. 3 represents a perforation
formed on a polishing pad wusing a conventional
perforating pin. As shown in Fig. 3, the perforation has
a rough surface causing debris to remain in the

25 perforation. Such debris may form scratches on a surface
being polished during the CMP process. However, such a
problem does not arise with the perforation or groove
formed in accordance with the present invention because
the perforation or groove has a smooth surface by virtue

30 of a laser machining process. In accordance with the

15



sections. The micro-holes of the present invention have the sane function
as the conventional mcrocells in that 10 they supply abrasive particles
whi | e colweasiong2@ebri s produced during the polishing precesRolang2

di scharge the «collected debris when the polishing pad is reconditioned.
In addition, the mcro-holes of the present invention have a uniform
distribution and a uniformsize. 15 Accordingly, the mcro-holes of the
present invention have considerably superior effects over those of the
conventional mcrocells. In accordance with the present invention, the
di stribution, density, and size of mcro- holes can be freely determ ned,
if desired. 20 The oblique region at the lower right portion of the

phot ograph shown in Fig. 3 represents a perforation formed on a polishing
pad using a conventional perforating pin. As shown in Fig. 3, the
perforation has o] .face L.ng. ri in.Ln the.
perforation. gﬁ%ﬁgaéb#ggeﬁgéo brﬁ%gg§g?gﬁgggo%§a528§§§geﬂaggpﬁggﬁgéfgﬁed
during the CMPaptetassmaboRevércestchoanegsobfefirddssdnot arise with the
perforation or groqpfgsjorqgg injaccorgdance 1w thythe presepitidventins
because the perforation or groove has a snoboth surface by virtue 30 of a
| aser nachiniﬁ@SB?6§é§§;YlnlgéééFééﬁéégmﬁ?Wbpﬁémeﬁgsvmpé3/@1§§?0ho es,
PCT/ KR0O1501463=rpbeseibnikshVenid ofrodesd OFatinens ior gfanvesmd@viiiigh diner se
patterns nmay be freely forned, if desired. Figs. 10, 11, and 12 are
schemati c vieREeSFQEngFFQEFﬁhFIIustrating enbodi nents of nmicro-holes, 5
perforations, and gfiopveslborned iam ascbedahde wittikew heillustrating a

polishing pad on which micro-holes formed in accordance

with the present invention are arranged. The polishing
10 pad shown in Fig. 10 has micro-holes having different
densities at different radial regions. In each radial

region, the micro-holes have a uniform density and a
uniform size.
Fig. 11 is a schematic view illustrating a
15 polishing pad on which perforations formed in accordance
with the present invention are arranged. Fig. 12 is a
schematic view illustrating a polishing pad on which
grooves formed in accordance with the present invention
are arranged. In the case illustrated in Fig. 11 or 12,
20 the machining process is conducted by moving the table in
X and Y-axis directions while rotating the table.
Although only a fixed pattern of grooves or perforations
is formed in accordance with the conventional mechanical
machining method, as shown in Fig. 5b, 6b or 7b, unfixed,
25 diverse patterns of micro-holes, grooves or perforations
can be freely formed using a CNC controller and a laser
in accordance with the present invention.
In accordance with the present invention, the
polishing pad can have micro-holes, perforations, or

30 grooves having diverse patterns, without being limited to
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present invention. Fig. 10 is a schematic view illustrating a polishing
pad on which mcro-holes forned in accordance wth the present invention
are arrarggoed3/oTtseo pol i shing 10 pad shown in Fig. 10 has nmPCT&Ruloes2havi ng
different densities at different radial regions. In each radial region,
the mcro-holes have a uniformdensity and a uniformsize. Fig. 11 is a

schematic view illustrating a 15 polishing pad on which perforations
formed in accordance with the present invention are arranged. Fig. 12 is a
schematic viewillustrating a polishing pad on which grooves fornmed in

accordance wth the present invention are arranged. In the case

illustrated in Fig. 11 or 12, 20 the machining process is conducted by
noving the table in X and Y-axis directions while rotating the table.
Al t hough only a fixed pattern of grooves or perforations is fornmed in

accor dance MAEH? Egtgggﬁgnggyyg}fy%ggniﬁm@l QHCfQHIQQ nghgoqQ aspghewn in

Fig. 5b, 6b Iverse patt m cr o- hol es grooves or
perforations téan @@lﬂﬁéémﬁ f ®efed Mg nq &V CNG capd b Ter WAYCh laser2 in

accordance w thpbhaapkesentof NVenld-Qndir acceedanegt wohh tdiey pr @s:@@tve
i nvention, the gollshlng pad can have mcro | es, perforatlo or
grooves havi n§2dr¢&rse paFPér@?amﬁ%%mthﬁmﬁﬁﬁ#?%%?% %ﬁ90f1520

PCT/ KR0O1/5014620ombh@efatlagriagn |dfisiiat@choredi gsd ﬂ:@rfd:i:atandsJ.ZmJAIrS)e
ot Ton SRR soand “4208vRE, Ykl ds 2andOUMSN SF Hithe-ol e

perforation a
holes, perforations and grooves.

Industrial Applicability
As apparent from the above description, the present
10 invention provides a method capable of easily forming
micro-holes, grooves, or perforations having diverse
patterns by a laser. In accordance with the present
invention, micro-holes having a uniform distribution and
a uniform size are formed on a polishing pad by a laser,
15 thereby maximizing the polishing efficiency of the
polishing pad, as compared to conventional polishing pads
having non-uniform microcells. The present invention
also provides effects of an enhancement in machining
efficiency and a reduction in manufacturing costs. In
20 accordance with the present invention, perforations and
grooves having precise and diverse patterns can be
formed.  Accordingly, it is possible to effectively
control the flow of a slurry on the polishing pad.
In accordance with the present invention, desired
25 patterns of micro-holes, perforations, and grooves having
diverse shape, sizes, and depths, and a combination
thereof can be precisely and efficiently formed on a
polishing pad by a laser in a short time, based on a

given polishing condition. Accordingly, it is possible
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patterns. For exanple, the polishing pad may have a 5 conbi ned pattern of

m cr o- hol es and perforations, mcro- holes and grooves, perforations and
grooves, wp ogioersee hol es, perforations and grooves. | ndustPCraiR01/01462
Applicability As apparent fromthe above description, the present 10

i nvention provides a nethod capable of easily formng mcro-holes,

grooves, or perforations having diverse patterns by a |aser. In accordance
with the present invention, mcro-holes having a uniformdistribution and
a uniformsize are formed on a polishing pad by a |aser, 15 thereby
maxi m zing the polishing efficiency of the polishing pad, as conpared to
conventi-onal polishing pads having non-uniformmcrocells. The present
invention also provides effects of an enhancenment in machining efficiency
and a reduction in manufacturing costs. In 20 accordance with the present

i nvention, perfo i d V] reci } t ns
can be o mod AonbPas oy en PR ARERE Ly M RE R PR ARG P O A

fl ow of a sl uaryedncthenpbhishnnfapudring @eeosdance with the present

i nvention, desireda1ds R &S Ofe B0 NGISSIIRET DT 1ORS, 1 RAEh BT OQVES
having diverse shape, sizes, and depths, and a conbjnation thereof, can be

preci sel y andl@¥¢i clafill y E5F&ERESBA a 990l i ShingERAtL vy aPUE®&SSSn aBhort
tinme, based oBoRjuftv¥ednpRlitshingeensdi tbonfabecostingl ¥, pblissipgssadl e
17 WO 03/ 011520 PCT/ KRO1/ 01462 tﬁ achi eve an.enhancenent in manufaciuring
efficiency and°TEReddlli BHCrS ManGPacParitng 3dasts, ©f 9 Y

of a laser machining process, those skilled in the art
will appreciate that various modifications, additions and
substitutions are possible, without departing from the
10 scope and spirit of the invention as disclosed in the

accompanying claims.
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Al t hough the preferred enbodi nents of the invention have been discl osed
for illustrative purposes in 5 conjunction with a nethod for fabricating a
pol i shi ngwpad/ioisered with m cro-holes, perforations, or gPeDER)yease of
a | aser machi ning process, those skilled in the art w/ll appreciate that
various nodifications, additions and substitutions are possible, wthout
departing fromthe 10 scope and spirit of the invention as disclosed in the
acconpanyi ng clainms. 18 WO 03/011520 PCT/KR0O1/01462 Clainms 1. A nethod for
fabricating a chem cal nmechanical polishing pad conprising the steps of:
determning a pattern of mi cro-holes, grooves, or 5 perforated holes to be
formed on a polishing pad; inputting the determ ned pattern to a conputer
nunerical control (CNC) controller; and driving a | aser-device adapted to
irradiate a | aser bean1and a tabl e adapted to conduct a three-di nmensional
10 novenent and rotati whi |l e supporting the polishing pad, under a
control of the CNC coﬁ%roller based on the inputted pattern, thereby
irradiating the | aser beamfrom the | aser device onto the polishing pad

supported by the tgablg M@tlh%dmféflgfgia@l&a@hﬁgl Ry aEKOh L3Rt mdchiAntike115
inputted pattern, so that m cro-holes, ﬁrooves or. perforated hol es having

a pattern corP@%béHaPﬁgpﬁg ERBPT 48 BANT 8dSpsPFePh:are forned on the
pol i shing pad. 2. Td&émﬁlh%@caorpamﬁm 6F aimhcko-Magreri,n grbases, beam

spot s %deStggfgga eéeho es kusgetggrgg ng%er Bollshlng pad;

inputting the determined pattern to a computer

numerical control (CNC) controller; and
driving a laser-device adapted to irradiate a laser
beam and a table adapted to conduct a three-dimensional
10 movement and rotation while supporting the polishing pad,
under a control of the CNC controller based on the
inputted pattern, thereby irradiating the laser beam from
the laser device onto the polishing pad supported by the
table while moving the table 1in accordance with the
15 inputted pattern, so that micro-holes, grooves, or
perforated holes having a pattern corresponding to the

determined pattern are formed on the polishing pad.

2. The method according to claim 1, wherein a laser

beam spot is adjusted in size to adjust the diameter or

20 width of the micro-holes, grooves or perforations being
formed on the polishing pad.

3. The method according to «claim 1, wherein
continuous and intermittent irradiation periods of the
laser beam are controlled to adjust the length of the

25 micro-holes, grooves, or perforations being formed on the
polishing pad and the space between the micro-holes,

grooves, or perforations arranged adjacent to each other
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20 width of the mcro-holes, grooves or perforations being fornmed on the
polishing pad. 3. The nethod according to claim1l, wherein continuous and
i nterm t twotosiorrsadi ati on periods of the |aser beam are c@®@oTKRIOUI6RO
adjust the length of the 25 m cro-hol es, grooves, or perforations being
formed on the polishing pad and the space between the m cro-hol es,

grooves, or perforations arranged adjacent to each other 19 WO 03/011520
PCT/ KRO1/ 01462 in a travel direction of the |aser beam 4. The net hod
according to claim1l1l, wherein the |aser beamis controlled in power to

adj ust the depth of the mcro-holes, grooves, or perforations being forned
on 5 the polishing pad. 5. The nethod according to claim1l, wherein the
table is nmoved in X, Y, and Z-axis directions to adjust an angle defined
by the m cro-holes, grooves, or perforations being formed on the polishing

pad wi th 10 respeet to;apolishino surface of the Rolishing pad. 20

4. The method according to claim 1, wherein the
laser beam is controlled in power to adjust the depth of
the micro-holes, grooves, or perforations being formed on

5 the polishing pad.

5. The method according to claim 1, wherein the

_ table is moved in X, Y, and Z-axis directions to adjust
an angle defined by the micro-holes, grooves, or
perforations being formed on the polishing pad with

10 respect to a polishing surface of the polishing pad.

20



