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(57) Abstract: The invention provides a chemical-mechanical polishing pad comprising a polymeric matrix and 0.1-15 wt.% of
metal oxide particles. The polymeric matrix has pores, the metal oxide particles are uniformly distributed throughout the pores,
and the metal oxide particles have a specific surface area of 25 m2/g to 450 m2/g. The invention further provides a method of pol-
ishing a substrate with the polishing pad.
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CMP POROUS PAD WITH PARTICLES IN A POLYMERIC MATRIX
FIELD OF THE INVENTION
j0001] This nvention pertaims to a polishing pad for chenucal-mechanical polishing.
BACKGROUND OF THE INVENTION
0002} Chemical-mechanical polishing ("CMP”) processes are used in the
manufacturing of microelectronie devices to form Hat surfaces on semiconductor wafers,
field emission displays, and many other microelecironic substrates. For example, the
manufactere of semiconductor devices generally mvolves the formation of various process
layers, selective removal or patteming of portions of those lavers, and deposition of yet
additional process layers to form a semiconductor wafer. The process layers can include, by
wayv of example, insulation lavers, gate oxude layers, condactive lavers, and layers of metal
ov plass, ete. It is penerally desirable in certain steps of the wafer process that the
uppermost surface of the process layers be planar, 1e., flat, for the deposition of subsequent
lavers. CMP is used {o planarize process fayers wherein a deposited material, such as a
conduciive or insulating material, is polished o planarize the wafer for subsequent process
steps.
jo0o3] 1n a typrcal UMP process, a waler s mounted upstde down on a carrier in a CMP
ool A force pushes the carrier and the wafer downward toward a polishing pad. The
carrier and the wafer ave rotated above the rotating polisthung pad on the CMP tool’s
polishing table. A polishing composition (also referved to as a polishing slorry) generally s
iniroduced between the rotating wafer and the rotating polishing pad during the polishing
process. The polishing composition typically contains a chemical that interacts with or
dissolves portions of the nppermost wafler laver(s) and an abrasive material that physically
removes portions of the layer(s). The waler and the polishing pad can be rotated in the
same direction or in opposite directions, whichever is desirable for the particalar polishing
process bemy carvied oul. The carrier also can oscillate across the polishing pad on the
polishing table.
[0004] Polishing pads used in chemical-mechanical polishing processes are
manufactured using both sofl and rigid pad materials, which include polvimer-impregnated
fabrics, mucroporous films, cetlular polymer foams, nou-porons polymer sheets, and
sintered thermoplastic particles.
JOUOS] A pad containing a polyurethane resin impregnated into a polyester non-woven

fabric 15 Hastrative of a polymer-impregnated fabric polishing pad. Microporous polishing
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pads include microporous wethane films coated onto & base matevial, which is often an
impregnated [abric pad. These polishing pads are closed cell, porous films. Cellular
polvmer fogm polishing pads contain a closed cell structuve that is randomly and sniformly
distributed in all three dimensions,

[06006] Non-porous polymer sheet polishung pads inchude a polishing surface made from
solid potymer sheets, which have no mtrasic ability to transport slurry panticles (see. for
example, U.S, Patent §,489.233), These solid polishing pads are externally modified with
large and/or small grooves that are cut 1to the surface of the pad purportedly to provide
channels for the passage of slurry during chemical-mechanical polishing. Sach a non-
porcus polyner polishing pad is disclosed in ULS. Patent 6,203 407, wheremn the polishing
surface of the polishing pad comprises grooves that are oriented in such a way that
purportediy improves selectivity i the chemical-mechamcal polishing.

{0087} Also in a similar fashion, U.S. Patents 6022268, 6,217 434, and 6,387,183
disclose hvdrophilic polishing pads with no mtrinsic alulity to absorb or transport shurry
particles. The polishung surface purportedly has a random surfzce topography mcluding (a)
microaspersities that have a dimension of 10 pm or less and are formed by solidifving the
polishing surface and (h) macro defects {or macrofexiure} that have a dimension of 25 um
or greater and are formed by cutting.

[6008] Sintered polishing pads comprising a porous open-ceiled structure can be
prepared from thermoplastic polvmer resins. For example, LLS. Patents 6,062,968 and
6,126,532 disclose polishing pads with open-celled, microporous substrates, produced by
sitering thermoplastic resins. The resulting polishing pads preferably have a void volume
of 25-530% and a density of 0.7-0.9 gﬁ'cm?‘, Similarly, U.S. Patents 6,817 2065, 6,106,754,
and 6,231 434 disclose polishing pads with wiform, continuously miterconnected pore
stractures, produced by sintering thermaoplastic polymers at high pressures in excess of
6895 kPa {100 psi) in 3 mold having the deswred final pad dimensions,

{0069} Polishing pads baving a microporous foam structure are commonly known in the
art, For example, U8, Patent 6,454,634 discloses a porous polishing pad having a
hydrolytically stable layver and optionally comprising abrasive particles. Similarly US.
Patent 7,195,544 discloses a pad comprising a polymenc matenal having poresand a
component dispersed withun the pores. 11LS. Pateni Application Publication 2006/0046622
discloses a polishing pad comprising a porous polymernic matersal comprising two or miore

adjacent regions having non-zero void volumes.
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[6016] Although several of the above-described polishing pads are suitable for their
intended purpose, a peed remams for other polishing pads that provide effective
planarization, particularly m the chenmical-mechanical polishing of a substrate. Tn addition,
there is a need for pelishing pads having satisfactory features such as polishing efficiency,
low defectivity, and polishing uniformity. The tnvention provides such a pohishing pad.
These and other advantages of the invention, as well as additional inventive features, will be
apparent from the description of the wnvention provided herain,
BRIEF SUMMARY OF THE INVENTION
0011} The invention 13 directed to a chemical-mechanical polishing pad comprising a
polvmeric matrix and 0.1-15 wi.% of metal oxide particles, wherein the polymernic mafrix
has pores, the metal oxide particles are uniformily distributed throughout the pores, and the
metal oxide particles have a specific surface aves of 25 /g to 450 m'/g.
{0012}  The mvention further provides a method of polishing a substrate comprising {a)
providing a polishing pad having a polishing layer comprized of a polymeric matrix and 0.1-
13 wit.% of metal oxide particles, wheretn the polymeric matnix has pores, the metal oxade
particles are uniformly distnibuted throughout the poves, and the metal oxide particles have a
specific surface area of 25 m'fg to 450 m¥/g, (b) applying a chemical-mechanical polishing
composition o the polishing laver of the polishing pad, (¢} contacting the polishing laver of
the polishing pad with a subsirate, and (d) moving the polishing pad with respect to the
substrate so as 1o abrade at least a portion of the substrate and thereby polish the substrate.
BRIEF DESCRIPTION OF THE DRAWINGS
[6013] FIG. 1 is a graph of the average thermal oxide (TROS) removal rate {A/min)
exhibited by mventive and comparative polishing pads over 180 minutes of total polishing
time as described in Example 1.
0814} FiG. 2A 15 a graph of the TEOS ramoval rate (A/min} exhibited by inventive and
comparative polishing pads as described in Example 3.
(6015 FIG. 2B 1s a graph of the wathin wafer nonuniformity (WIWNLD (%) exlubited
by imventive and comparative polishing pads as described 1n Exanaple 3.
[0016] FEG. 2C 1s 2 graph of the number of defects {prior to an HF wash) on wafers
polished by inventive and comparative polishing pads as described in Example 3.
o017 FiG. 2D 15 a graph of the number of defects {after an HF wash) on wafers

polished by inventive and comparative polishing pads as described m Example 3.
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DETAILED DESCRIPTION OF THE INVENTION
{0018} The invention provides a chepmcal-mechanical polishing pad compnising o
polvineric matrix and 0.1-15 wi% of meial oxide particles, wherein the polymene matrix
has pores, the metal oxide particles are uniformly disirtbuted throughout the pores, and the
metal oxide particles have a specific surface area of 25 m’/g to 450 m'ig,
[0619]  The polymeric matrix can conprise, consist essentially of| or consist of any
suttable polvmeric material, typically a thermoplastic polvier or a thermoset polymer,
Preferably the polymeric material is a thermoplastic polymer or a thermoset polyimer
selected from the group consisting of thermoplastic elastomers, thermoplastic
pobvurethanes, polvolefing, polycarbonates, polyvinyvlalcohols, nylons, elastomenic rubbers,
styrenie polymers, polvaromatics, {lucropolymers, polvimides, cross-linked polyurasthanes,
cross-linked polyolefing, polvethers, polyvesters, polvacrylates, elastomenc polvethylenes,
polyietrafiuorcethylenes, polvethylencteraphihalates, polvimides, polyaramides,
polvarvlenes, polystyrenes, polvimethylmethacrviates, copolymers and block copolvmers
thereof, and mixtures and blends thereof Most preferably the polymeric material s a
thermoplastic polyurethane (TPU}.
jo0204 The polishing pad can have any suitable mechamical properties. In one
embodiment of the invention, the polishing pad has a low glass transition temperatare. The
glass transition temperatare (Ty) of an amorphous solid is the temperature below which the
solid exists in a glassy state where only vibrational motion 1s present, whereas above s
temperatare, individual molecular segments are able to move relative to each other in what
is sometimes termed the “rubbery state” (see e.g., Daniel B. Miracle and Steven L.
Donaldson, ASM Handbook, Volame 211 “Composites; Epoxy Resing,” 2001, p. 78).
je021]  Lowering the glass transition temperature of the polishing pad creates a pad
whose stiffness changes very little in the normal polishing teimperature range of between
20°C and HHPC, Thus changes i temperature have minumal effect on the physical
properties of the polishing pad. The polishing pad of the invention can have a glass
transition temperature of +10°C or less, e.g., +5°C or less, or O°C or less, Alternatively, or
in addition, the polishing pad can have a glass transition temperature of -30°C or move, e.g.,
-20°C or more, or -10°C or more. Thus, the polishing pad can have a glass trangition
temperature bounded by any two of the aforementioned end points. For example, the

polishing pad can have a glass transition temperature of -30°C (o +10°C, or -10°C to + 5°C.
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[6022] In another embodiment of the invention the polishing pad has a low elastic
modutus (£). Elastic modulus i3 the mathematical description of an object or substance's
tendency o be deformed elastically {(1.e., non-permanently} when a force is applied to #.
The elastic modulus of an object 1s defined as the slope of is stress-straln curve in the
elastic deformation region: A == stress/strain, where A (lambda) is the elastic modulus; stress
1s the force causing the deformation divided by the area to which the force 1s applied; and
strain is the ratio of the change caused by the stress to the original state of the object. A
polishing pad with a {ow elastic modulus s more flexible relative to an otherwise similar
pohishing pad baving a higher elastic modulus.

00231 The pobshing pad cant have an elastic modulus of 100 MPa or less at 30°C, e.g.,
G MPa or less at 30°C, 80 MPa or less at 30°C, 70 MPa or less at 30°C, 60 MPaor less at
30°C, 50 MPa or tess at 30°C, or 40 MPa or less at 30°C. Alternatively, or in addition, the
polishing pad can have an elastic modulus of 20 MPa or more at 30°C, e.g.. 30 MPa or more
at 30°C, $3 MPa or more at 30°C, 50 MPa or more at 30°C, 60 MPa or more at 30°C, 70
MPa or more at 30°C, 86 MPa or move &t 30°C, or 30 MPa or more at 30°C. Thas, the
polishing pad can have an elastic modulus bounded by any two of the aforementioned
endpoinis. For example, the polishing pad can bave an elastic modulus of 30 MPa to 50
MPa at 30°C, or 50 MPa to 70 MPa at 30°C. Most preferably, the polishing pad has an
elastic modulas of 30 MPa to 100 MPa at 30°C.

(024} In vet another embodiment, the polishing pad s relatively soft. An instrument
that is typically used to measure hardness 1s the durometer made by Shore Instrument
Company (see, e.g., Charles A, Harper, Edward M. Petrie, Plastics Materials and Processes:
A Concise Encyelopedia, 2003, p. 247). Shore harduness values are scale numbers resulting
from the indentation of a plastic material with a defined steel rod. ASTM D2240 describes
Shore hardness measurements. The Shore A scale typically is used {or sofier polymerk
materials. On the Shore A scale, {15 soft, and 100 i3 hard. The Shore D scale typically is
used for harder polymeric matertals. Thermoset and thenmoplastic matertals typically fall
between 46 and 90 on the Shore D scale.

[0025] The polishing pad can have 3 Shore A hardness of 85 or less, e.g., 80 or less, of
75 or less, or 70 or less. Alternatively, or in addition, the polishang pad can have a Shore A
hardness of 65 or more. e.g., 70 or more, 75 or more, or 80 or more. Thas, the polishing

pad can have a Shore A hardness bounded by any two of the alorementioned endpoints. For
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example, the polishing pad can have a Shore A hardness of 635 10 85, or 70 to 50, Most
preferably, the polishing pad has a Shore A bardness measurement of 65 1o 85
0026} The polishung pad can have a Shore DD hardness of 30 or less, e.g., 20 or less.
Alternatively, or i addition, the polishing pad can have a Shore D hardness of 10 or more,
e.g., 20 or more. Thus, the polishing pad can have a Shore T hardoess bounded by any of
the aforementioned endpoinis. For exarople, the polisbing pad can have a Shore [ bardness
of 110 30, or 1310 25, Most preferably, the polishing pad has a Shore D Hardness of 10 1o
30.
0027} In another embodiment, the pohishing pad is hydvophilic. The hydrophilicity of a
surface can be deternuned by measuring the water contact angle. The water contact angle is
the angle at which a water interface meets the solid surface. A substance that is highly
hydrophobic is characterized by a ngh water contact angle, e.g, from 90% to 180°. A
surface that is lughly hydrophilic is charactenzed by a low water comtact angle, e.g. from (°
to 20",
[6028] The peolishing pad can have a water contact angle of 20" or more in 13 nun, e.g.,
30% or more i 15 min, 40° or move i 15 min, 30% or more 15 wmin, or 60% or more in 13
mun. Alternatively, or in additton, the polishing pad cas have a water contact angle of 70°
or less in 15 min, e.g., 60° or less in 15 min, 30° or less i 15 nun, 407 or ess in 15 min, or
3 or less in 15 mun. Thas, the polishing pad can have a water contact angle bounded by
any two of the aforementioned endpoimnis. For example, the polishing pad can have a water
contact angle of 20°-70% in 15 min, 30°-60° in 15 min, or 40°-50" in 15 min. Most
preferably, the polishing pad will have a water contact angle of 20°%740° 113 15 mm.
{00291 1t 18 believed that the hydrophilic quality of the polishing pad leads to mereased
sturry flow across and within the polishing pad, thus enhancing the durability and
win fornuity of polishing of the pad. Without intending to be bound by any particular theory,
115 belisved that the addition of metal oxide particles to the polymeric matnix renders the
polishing pad of the invention more hydrophilic.
{06368]  The metal oxide particles that are uniformly distributed throughout the pores of
the polymeric matrix can be of any suitable dimension {e ., diameter, length, or widih} or
shape {e.g., spherical or oblong) and can be present in the polishing pad in any suitable
amount. The metal oxide particles can have any suitable specific surface area. For
example, the specific surface area of the metal oxide particles can 28 m’/g or more, e.g., 50

2 2, o i Iy . ~ & 2 .
il‘t“:’g Of IMOTe, Ty S8 OF e, 130 m S8 OF e, 200 m {807 MOre, 250 m {8 QF IOre,
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300 m¥i or more, 350 m/g or more, or 400 m*e or more. Alternatively, or in addition, the
metal oxide particles can have a specific surface area of 450 m™/g or less, e.g., 400 m™ig or
less, 350 nrfg or less, 300 m*/g or less, 250 o'/ or less, 200 m'/g or less, 150 nt'/g or less,
100 m'/g or less, or 50 m/g or less. Thus, the meta oxide particles can have a specifie
surface area bounded by any two of the aforementioned endpoints. For example, the metal
oxide particles can have a speciﬁc surface ares of 25-450 m*g, 50-400 m7/g, 100-350 m™y,
150-300 m'fg, 200-250 m™g. Most preferably, the particle specific surface aren is from 25

vy to 450 nrs o

0031} The metal oxade particles can comprise, consist essentially of, or consist of any
suitable metal oxide. For example, the metal oxide can be silica, alumina, titania, ceria,

ZIreomHa, germania, magnesia, co-formed products thereof, and combinations therent.
Preferably, the metal oxide particles are silica particles. The metal oxide particles can be of
any suitable type and/or physical configuration, such as fumed metal oxades particles
precipitated metal oxide particles, condensation-polymerized metal oxide particles, ete,
Preferably, the metal oxide particles are fumed metal oxide particles, especially fumed silica
particles.

jou32y The polishing pad comprises a polymeric matrix having pores. The term “pore”
describes void spaces within the polvmeric matrix thai are at least partially bounded solely
by the polymeric material. In addution, the term “pore”™ describes both open and closed-
celled pores. The pohishing pad can have any suttable average pore size. For example, the

polishing pad can have an average pore sive of 150 pm or less, e.g.,

Pk

140 win or less, 130 pm
or tess, 120 um or less, 110 wm or less, 100 wm or lesa, 90 um or less, 80 pm or less, 70 um
or less, or 60 pm or less. Alternatively, or in addition, the polishang pad can have an
average pore size of 3 wm or more, e.g., 60 um or more, 70 pm or more, 80 pm or more,
90 wm or more, 100 um or more, 110 wm or more, 120 um or morg, 130 un or more, or
140 am or more. Thus, the polishing pad can bave an average pore sive bounded by any
two of the above endpoits. For example. the polishing pad can have an average pore sive
of SO0-150 pm, 60-140 pm, 70-130 @, 80-120 pm, or 90-110 ym. Most preferably, the
polishing pad has an average pore size of 50 pm 1o 150 pm,

w{!}’}i The polishing pad can have any suitable pore size distribution. Typically 20% or
nore {e.g., 30% or more, 40% or more, or 50% or more) of the poves in the polishing pad
(1e., ceils} have a pore size distribution of gbout 100 pm or less {e.g., about 250 pm or

less) of the average pore size. Preferably the pad has a highly aniform distribwtion of pore
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stzes, For example, 75% or move {e.g., 80% or more, or 85% or more} of the pores in the
polishing pad have a pore size distribution of about 20 wm or less {e.g., about =10 pm or
less, about =3 ym or less, or about =2 pum or less) of the average pore size. In cther words,

5% or move {e.g., 80% or more, or 83% or more) of the pores in the pohisling pad have a
pore size within 20 pm or less {e.g., about =10 pm or less, about 5 um or less, or about =2
g or less) of the average pore sive. Morve preferably, 90% or more {e.g., 93% or more,
5% or morg, or Y7% or more)} of the pores in the polishing pad have a pore size distribulion
of sbout £20 pn or less {e.g., about £10 wm or less, about =5 pm or less, or abouwt #2 pm or
tess) of the average pove size.
{034} Additonally, the polishing pad can have a mult-modal distribution of pores.
The term “nulti-modal”™ means that the porous region has a pore size distribution
comprising at least 2 or move (e.g., 3 of more, 3 or more, or even 10 or more) pore size
maxina. Typically the namber of pore stze maxima 35 20 or less {e.g., 15 or fess). A pore
size maximum is defined as a peak n the pore size distribution whose area comprises 5% or
move by number of the total number of pores. Preferably, the pore size distribution is
bimodal (1.e., has two pore size maxima).
33 5] The multi-modal pore stze distribution can have pore size maxima at any
suitable pore size values, For example, the multi-modal pore sive distribution can have a

first pore size maxmawm of 1530 pm or less {e.g., 120 jom or less, 100 jam or less, or 80 yum

or tess) and a second pore size maximumm of 3¢ i or more (e.g

&y

60 wm or more, 8O pm or
morg, of 100 pm or more).

j0036]  Typically the polishung pad comprises predonunantly closed cells (e, pores);
however, the polishing pad alternatively or additionally can also conprise open cells, The
vord volame, which results from the open and closed cells in the polishing pad, can
comprise any suttable value. The polishing pad can have a void volume of 3% or more,
e.g., 1% or more, 20% or more, 30% or more, H% or more, 50% or more, 60% or more,
or 70% or more. Altematively, or m addition, the polishing pad can have a void volume of
0% or less, e.g., T0% or less, 60% ov less, S0% or less, 40% or ess, 30% or less, 209 or
less, or 10% or fess. Thus, the polishing pad of the invention can have a voud volume
bounded by any two of the above endpoints. For example, the polishing pad of the
mvention can have a void volame of 3% to 80%, 10% to 70%, 20% to 60%, or 30% to S0%

Muost preferably, the void volume of the pohishing pad is 20% to 60%.
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[6037] The polishung pad can bave any suitable shape and dinrensions. Typically, the
polishing pad will be cirenlar in shape (as 15 used in rotavy polishing tools) or will be
produced as a looped linear belt {as 1s used in linear polishing tools).
jOU38Y The polislung pad has a polishing surface which optionally further comprises
grooves, channels, andfor perforations which {acilitate the lateral transpornt of polishing
compositions across the surface of the polishing pad. Such grooves, channels, or
perforations can be in any suitable pattern and can have any suitable depth and width, The
polishing pad can have two or more different groove patterns, for example a combination of
large grooves and small grooves as described in US. Patent 5.489.233. The grooves can be
in the form of slanted grooves, concentric grooves, spiral or circular grooves, XY
crosshaich patiern, and can be continuous or nop-continuous in connectivity. Preferably,
the polishing pad of the invention comprises at feast grooves in an XY crosshatch patiern
produced by standard pad conditioning methods.
[6039] The polishing pad can be prepared by any suitable technigque. The polvmeric
mairix can comprise a pre-formed polymer resin; however, the polvimer resin also can be
formed in situ according o any sutable method, many of which are known in the art {see,
for example, Szyvcher’s Handhook of Pobawrethanes, CRC Press: New York, 1999, Chapter
33, For example, thermoplastic polvurethane can be formed in situ by the reaction of
wrethane prepolymers, sach as isocvanate, di-isocyanate, and tri-isocyanate prepolymers,
with a prepolymer contaiming an 1socyanate reactive moiety. Sustable isocyanute reactive
moieties inchude amines and polyels. The metal oxide particles can be incorporsted into the
polymeric matris by any means. The particles preferably are blended with the polvmer
resim before being formed o a pobishing substrate.
je040]  The pohishung pad can be used alone or optionally can be used a5 one laver of a
mulii-iaver stacked polishing pad. For example, the polishing pad can be used in
combination with a subpad. The subpad can be any suitable subpad. Suitable subpads
include polyurethane foam subpads {e.g., foam subpads from Rogers Corporation),
impregnated felt subpads, microporous polvurethane subpads, or sintered urethane subpads.
The subpad typically is sofier than the polishing pad and therefore is more compressible and
has a tower Shore hardness value than the polishing pad. For example, the subpad can have
a Shore A hardness of 35 to 530, In some embodiments, the subpad is harder, is less
compressibie, and has a higher Shore hardness than the polishing pad. The subpad

optionally comprises grooves, channels, hollow sections, windows, apertures, and the fike.
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Whaen the polishing pad 1s used in combination with a subpad, tvpically there i3 an
intermediate backing layer, sach as a polyethyleneterephthalate hilm, coextensive with and
in between the polishing pad and the subpad. Alternatively, the polishing pad can be used
as a subpad in conjunction with a conventional polishing pad.
0041} The polishing pad is partcularly seited for use in conjunction with a chemical-
mechanical polishing {CMP) apparatus. Typically, the apparatus comprises a platen, which,
when 1 use, s in motion and has a velocity that resulis from orbital, linear, or circular
motion, a polishing pad in contact with the platen and moving with the platen when i
motion, and a carrier that holds a substrate to be polished by contacting and moving relative
to the surface of the polishing pad intended to contact a substrate to be polished. The
polishing of the substrate takes place by the substrate being placed in contact with the
polishing pad and then the polishing pad moving relative to the sabstrate, typically with a
polishing composition therebetween, so as to abrade at least a portion of the substrate to
polish the substrate. The CMP apparatus can be any suttable CMP apparatus, many of
which are known in the art. The pohishing pad also can be used with hinewy polishing tools.
jo0424 The polishing pad is typically ased in conjunction with a polishing composition
or slurry. The polishing composition can be any suttable polishing composition, many of
which are kanown in the art. Preferably, the polishing pad of the fnvemntion can be used in
conjunction with a commercially available polishing composition, for example, Semi-
Sperse®: 25-E Dielectric CMP Shaory (Cabot Microclectromes, Aurora, Hinos). Semi-
Spersed: 25-E Dielectric CMP Shurry is 8 colloidally stable polishing composition
coniaining fiimed silica abrasive stabilized by potassium hvdroxide. Mosi preferably, the
polishing pad of the invention is used 1 conjunction with the commercially avanlable
pohishing composition, Semi-Spersed: 23-E Dielectric CMP Slurry that is concentrated and
which, pricr to polishing, is diluted by adding 1 part of water 1o { part of composition at
poid of use, such that there is 12 wi% solid at point-of-uge (heretnafier “SS23EY™)
{00431  The polishing pad is suitable for use 1 polishing many types of substrates and
substrate materials. For example, the polishing pad can be used to polish g variety of
substrates inchuding memory storage devices, semiconductor substrates, and plass
substrates. Suitable substrates for polishing with the polishing pad include memory disks,
rigid disks, magnetic heads, MEMS devices, semiconductor walers, field emission displays,
and other microelectronic substrates, especially subsirates comprising msulating lavers {e.x.,

siticon dioxide, silicon niiride, or low dielectric materials) andior metal-comaining layers
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{e.g., copper, tantahon, ungsten, aluminam, nickel, titantam, platineny, rothentam,
rhodium, indium, or other noble metals).

EXAMPLES
j0U44] The following examples further tHustrate the mvention but, of course, should not
be construed as in any way limiting is scope.

EXAMPLE |
[0045]  This example demonstrates the enhanced polishing rate exhibited by the
polishing pad of the invention.
0046} Similar substrates were pohshed using three different polishing pads identified
as polishing pads 1A~1C. Polishing pad 1A was a polishing pad of the mvention, while
polishing pad 1B was a polishing pad. similar to polishing pad 1A excep for the absence of
metal oxide particles. Polishing pad 1C was a commerantly avarlable polishing pad,
namely an EPIC™ D100 polishing pad (Cabot Microelectronics, Aurara, Hinois), which
contained no metal particles. The plivsical properties of the respective polishing pads are
set forth in Table 1AL
Table 1A

Pad Polymeric | Silica | Resin Hardness | Elastic Ty
Matrix | (wt.%) | Hardnes | Shore | Shorg | O
Material | S A D]
? 85 ;
1A S 5 . N .
e TTPU | 6 {Shore 72 22 42 3
{inveniion ; N |
' 1 'J\J 1
iB RS |
(comparati TPU |0 {Shore ]2 2 | 25 -8
ve) A) 1
e 72 !
{commerc TPU £) {Shore 96 68 475 SO
al pad) 3))] |

[6047] Fach of the three polishing pads was usad to polish a series of 140 mum thermal
oxide {TEOS) wafers under similar polishing conditions at the rate of one TEOS wafer per
munute for 180 total minutes. The polishing was carried out on g Logitech polisher using
38.1 cm {15 inch) diameter circular polishing pads with XY grooving and a commercially
avaifable polishing composition, S825EY. The polishing was carried out under the
following conditions: 414 kPa {6 ps1) down force, 120 rpm platen speed, 115 rpm carrier

speed, and 130 mifmin sharry flow rate. There was no sweep for carrier.
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[0048] The substrate removal rate for 12 of the 180 TEOS wafers was measured for
each of polishing pads 1A, 1B, and 1C, such that the substrate vemoval rate was determined
at 12 points in fime over the course of the |80 minutes of total pohishing time. The resulting
data is plotied in Figure 1, The average of the substrate removal rates, utilizing the
sabstrate removal rates measured for the aforementioned 12 selected TEOS wafers for each

of polishing pads 1A, 1B, and 1, are set forth 1 Table 1B,

Table 1B

Pad Average TEOS TEOS Removal Rate
Removal Rate (A/min) Change After 180 min
Polishing
1A (invention) 3148 -{§ 8%
1B {comparative} 2422 -30%
1C {commercial) 2053 ~(3.6%

[0049] As is apparent from the results set forth in Table 1B and plotted in Figure 1, the
polishing pad of the invention exhibited a higher average TEOS removal rate as compared
to comparative polishing pad 1B, which 15 similar to inventive pohishing pad 1A except for
the absence of metal oxide particles. Additionally, inventive polishing pad 1A exhibited a
higher average TEOS removal rate as compared 1o commercial polishing pad 1C, which had
a higher Shore ID hardness measurement, elastic modutus, and glass transition temperatwe
than inventive polishing pad 1A

EXAMPLE 2
{0050} This example demonstrates the effect of the polishing pad’s physical properties
{specifically hardness, elastic modalus, void volume, glass transition temperature, and metal
different physical properties.
o051} Sirmilar substrates were polished vaing six different pohshing pads identified as
polishing pads 2A, 2B, 2C, 2D, 2E, and 2F. Polishing pads 2B and 2D were polishing pads
of the Invention. Polishing pads 2A and 2C were composed of the sane resin as pads 2B
and 2D respectively, bul contained no metal oxide particles. Polishing pad 2E was g
commercially available polishing pad, namely an FPIC™™ D100 polishing pad {Cabot
Microelectronics, Aurora, lthinois) and contained no metal particles. Pad 2F had ssmlar
phvsical properties to polishing pad 2D, but contained no metal oxide particles.
0052} Fach of the six polishing pads was used o polish TEQS and BPSG wafers. The

polishing was carried out on a Logitech polisher using 38.1 cny (13 inch) diameter circudar
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L¥Y 3

polishing pads with XY grooving and a conunercially avatlable polishing composttion,
SSISEY. The polishing was carned oat ander the following conditions: 41.4 kPa {6 ps)
down force, 120 rpm platen speed, 115 rpm carrter speed, and {30 mlfmin slurry flow rate,
There was no sweep for carrier. Table 2 sets out the properties of the six polishing pads and
the average TEQS and BPSG removal rates for each pad. The TEOS removal rate is the

average of 12 walers polished by each of polishing pads 2A-2F. The BPSG removal rate 18

the average of two wafers polished by each of polishing pads 2A-2F
Table 2
Hardness Elastic Youd To | Silica TEOS | BPSG
Shore | Shore | Modulus | Volume | (*i,} {Ewt ‘,J'_,} RR RR
A D w3 C) ) s {Admin) | (LAmin)
A 85 1 30 27 8 16| 0 | 2200 | 5806
{comparative)
. &6 15 20 443 -2 H 2468 7386
{invention)
2C . - n .
N . 82 22 25 9 ~8 0 2022 4399
{comparative)
2D .
LT 72 23 42 40 3 6 3148 7737
(mveniion)
. . 6 O8 475 I8 30 0 2053 4963
{commercial)
2id
4 2F . 79 26 32 25 6 { 2621 £210
{comparglive)

[0053] As is apparent from the results set forth in Table 2, the presence of 6 wit.%6 silica
particles in polishing pads 2B and 2D of the invention resulied i an increase iy average
TEOS and BPSG removal rates as compared to polishing pads 2A and 2C, which were
sinular except for the absence of silica particles, and conunercial pohshing pad 2E, which
had a much higher Shore D hardness, elastic modulus, and glass transition temperature. In
addition, polishing pad 2D of the imvention had higher TEOS and BPSG average removal
rates than comparative polishing pad 2F, which had similar Shore A and D hardness values,
elastic modulus, and plass transition temperature, but contaned no metal oxide particles.
EXAMPLE 3
[6054] This example demonstrates the increased oxide removal rate, reduced
defectivity, and reduced within wafer nonuniformaity { WIWNLU) achieved by the polishing
pad of the invention during polishing compared to a conunercigily avadable polishing pad.
HHINRY Sumilar substrates were polished vsing two different pohishing pads identified as

pads 3A and 3B. Polishing pad 3A was a polishing pad of the invention, while polishing
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pad 3B was a commerciallv available pad, namely an EPIC™ D100 polishing pad (Cabot
Microelectronics, Aurora, IHinois), which does not contain any metal oxide particles.
0056 Each of the two polishing pads was used to polish TEOS wafers, The polishung
was carried out on a Mira polisher using 38,1 em (15 inches) diameter civendar polishing
pads with XY grooving and a conmmercially available polishing composition, S82SEY. The
polishing was carned out under the following conditions: 41.4 kPa (6 psi) down force, 120
tpm platen speed, 85 rpm carrier speed, and 173 mibfnun sturry flow rate. There was no
syeeep for carrier. The substrate removal rates, WIWNU, and the number of defects (both
before and after a hvdrofluoric acid wash) were deternuned for 8 wafers polished by each of
the two polishing pads, and the average results are set forth in Table 3 and plotted in the

zraphs of Figures 2A-2D.

Table 3
| TE‘{}IS | WIWNIU Wumber of Defects
Removal Rate )
{A/nun) (e, Pre-HF Post-HF
Wash Wash

mean stdev | mean | stdev | mean | stdev | mean | stdev

3A (invention}

3853 41 7.5 0.3 5 3 69 i5
3B (commercial . ‘ e ) o - -
2503 48 22F 04 TR L OS] 697 | 64
pad)
0057 These results show that, surprisingly, nventive polishing pad 3A exhibited a

higher TEOS removal rate, reduced WIWNL, and reduced defectivity than commercial
polishing pad 3B despite having a lower elastic modulus, Shore D hardness, and glass
transition temperature,

EXAMPLE 4
[0058] This example demonstrates the effect of the polishing pad’s phyvsical properties
{specifically hardness, elastic modulus, void volume, glass transition temperature and netal
oxide particle content) on TEOS removal rates compared 1o other polishing pads with
different physical properties.
{359 Stmilar substrates were polished using four different polishing pads identified as
polishing pads 44, 4B, 4C, and 4D. Polishing pads 48 and 4D were polishing pads of the
mvention. Polishing pads 4A and 4C were composed of the same vesin as pads 48 and 4D

respectively, but confained no metal oxide particles,
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[6066] Each of the four polishing pads was used to polish TEQS waters. The polishing
was carried out on Mirra polisher using 308 cm (20 mches) diameter circular pads with
concentric grooving and a commercially available polishing conposition, SS23EY. The
polishing was carried out under the following conditions: 6 pst down force, 120 rpm platen
speed, 83 rpm carrier speed, and 150 mlfmin shurry low rate. Table 4 sets out the
properties of the four polishing pads and the average TEOS removal rates for each polishing
pad. For pads 4A, 4B, and 4D, the TEOS removal raie is the average of 2 wafers polished
by each of the polishing pads. For pohishing pad 4C, the TEOS removal rate 15 the average

of § wafers pohished by the polishing pad.

Table 4
Hardness | Modulus X’Z;}lﬁm Ta Silica | TEOSRR
{Shore A} | (@ 30°C {’{ﬁ} ' SEO RN {Aimin}
- N
44 {comparative) SOA 66 35% 17 0 4162
4B (invention) SOA 82 43% 14 i 4837
4C {comparative) TIA 63 43% 20 0 3373
41 (invention) T3A 67 43% 18 i 4423

[H061] As iz apparent from the results set forth i Table 4, the presence of 1 wi% slica
particles in polishing pads 4B and 4D of the invention resulted i an increase i the averags
TEOS removal rate as compared to polishing pads 4A and 4C, which were similar except
for the absence of silica particles. In addition, polishing pad 4D of the invention had a
higher TEOS average removal rate than comparative polishing pad 4C, which had a similar
Shore A harduess value, elastic modulus, glass transition temperature, and void volume, but
contained no metal oxide particles.

jot62] Preferred embodiments of this invention are described herein, including the best
mode known to the wventors for carrying oot the invention. Variations of those preferved
embodiments may become apparent 1o those of ordinary skill in the art upon reading the
foregoing description. The inventors expect skilled artisans to employ such variations as
appropriate, and the inventors intend for the mvention to be practiced otherwise than as
specifically described herein. Accordingly, this invention mchudes all modifications and
equivalents of the subject matter recited in the claims appended heveto as pernutted by
applicable law. Moreover, any combination of the above-described elements and all
possible variations thereof is encompassed by the mvention unless otherwise indicated

herein or otherwise clearly contradicted by context.
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CLAIMS
i A chencal-mechanical polishing pad comprising a polymenc matrix and

0. 1-15 wi% of metal oxide particles, wherein the pad has pores, the metal oxide particles

are untformly distributed throughout the pores, and the metal oxide particles have a specific

*

sorface area of 25 /g to 450 m

2. The polishing pad of claim 1, wherein the metal oxide particles comprise
silica particles,

3 The polishing pad of claim 2, wherein the metal oxide particles comprise
fumed silica particles.

4. The pohishing pad of claim 1, wherein the polymeric matrix comprises
thermoplastic polvurethane.

5 The polishing pad of claim 1, wherein the pad has a Shore A harduess
measurement of 63 1o 85,

&, The polishing pad of claum 1, wherein the pad has a void volume of 20% to
quey

7. The polishing pad of claim 1, wherein the average pore sive 15 50 n to 150
.,

8. The polishing pad of claim 1, wherein the pad has a glass transition

temperature Tg of 30°C to +10°C.

9. The polishing pad of claim 1, wherein the pad has an elastic modulus E of 30
MPg to 100 MPa at 30°C,

10, The polishing pad of claim 1, wherein the pad has a water contact angle of
20 10 70%m 15 mn.

11, The polishing pad of cluim 1, wherein the metal oxide particles conyrise
fumed silica particles, the polvmeric maltix comprises thermoplastic polyurethane, and
where the pad has a vord volume of 20% {0 60%:, an average pove size of 30 wm to 150 gm,
a Shore A hardness measurement of 63 (o 85, a glass transstion temperature of -30°C 1o
+HC, an elastic modutus B of 30 MPa 1o 100 MPa at 30°C, and 8 water contact angle of
20° t0 70° v 15 mun.

12, A method of polishing a substrate, the method comprising:

{n providing a polishing pad having a polishing layer comprised of a polymeric

mairix and 0.1-15 wi.% of metal oxide particles, wherein the pad has pores,
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the metlal oxide particles are uniformly distributed throughoot the pores, and
the metal oxide particles bave a specific surface area of 25 iy to 450 m'/g,

(11} applving a chemical-mechanical polishing composition 10 the polishing layer

of the polishing pad,

{in}  contacung the polishing layer of the polistung pad with a substrate, and

{tv}  moving the polishing pad with respect to the substrate so as to abrade &t

feast a portion of the substrate and thereby polish the substrate.

13, The method of claim 12, wherein the metal oxide particles comprise silica
particles.

14, The method of claim 13, wherein the metal oxide particles comprise fumed
silica particles.

{5, The method of clanm 12, wherein the polymeric matrix comprises
thermoplastic polyvurethane.

16, The method of claim 12, wherein the pad has a Shore A hardnsss
measurement of 63 to 85,

17, The method of claim 12, wherein the pad has a void volume of 20% to 60%.

18 The method of claim 12, wherein the average pore size is 50 pm to 150 ym.

19, The method of clamm 12, wherein the pad has 8 transition temperature Tg of -
M o +10°C

20, The method of clazm 12, wherein the pad has an elastic modulas E of 30
MPg 1o 100 MPy at 30°C.

21 The method of claim 12, wherein the pad has a water contact angle of 20”10
70" n 15 min.

22, The method of claim 12, wherein the metal oxide particles comprise fumed
sitica particles, the polvmeric matnix comprises thermoplastic polyvurethane, and where the
pad has a void volume of 2094 to 60%, an average pore sixe of 30 umto 150 um, a Shore A
hardness measurement of 65 wm to 85 um, a glass ransition temperature of -30°C to +10°C,
an elastic modutus £ of 30 MPg to 100 MPa at 30°C, and a water contact angle of 20° 1o 707

in 13 min,
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