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(54) A polishing pad resistant to delamination
(57)  The present invention provides, chemical me-
chanical polishing pad with improved polishing proper-
ties and longevity for polishing semiconductor wafers.
The polishing pad comprises a thermoplastic backing
film and a pressure sensitive adhesive coupled to the
thermoplastic backing film. The pressure sensitive ad-

hesive is configured to couple a chemical mechanical
polishing pad to a polishing platen. The pressure sensi-
tive adhesive is further configured to provide an inter-
face capable of substantially preventing delamination of
the polishing pad from the polishing platen for at least
about 4 days exposure to a polishing slurry medium hav-
ing a pH of about 4 or higher.
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Description
TECHNICAL FIELD OF THE INVENTION

[0001] The present invention is directed to polishing
pads used for creating a smooth, ultra-flat surface on
such items as glass, semiconductors, dielectric/metal
composites, magnetic mass storage media and inte-
grated circuits. More specifically, the invention is direct-
ed to adhesive materials that are suitable for adhering
certain polishing pad supports to a polishing device, so
as to extend the lifetime of the pad before delamination
occurs.

BACKGROUND OF THE INVENTION

[0002] Chemical-mechanical polishing (CMP) is used
extensively as a planarizing technique in the manufac-
ture of VLSI integrated circuits. It has potential for
planarizing a variety of materials in IC processing but is
used most widely for planarizing metallizied layers and
interlevel dielectrics on semiconductor wafers, and for
planarizing substrates for shallow trench isolation.
[0003] In shallow trench isolation (STI), for example,
large areas of field oxide must be polished to produce
a planar starting wafer. Achieving acceptable planariza-
tion across the full diameter of a wafer using traditional
etching processes has been largely unsuccessful. How-
ever, using conventional CMP, where the wafer is pol-
ished using a mechanical polishing wheel and a slurry
of chemical etchant, unwanted oxide material is re-
moved with a high degree of planarity.

[0004] Similarly, in multilevel metallization processes,
each level in the multilevel structure contributes to irreg-
ular topography. Planarizing interlevel dielectric layers,
as the process proceeds, is often now favored in many
state-of-the-art IC fabrication processes. High levels of
planarity in the metal layers is a common objective, and
this is promoted by using plug interlevel connections. A
preferred approach to plug formation is to blanket de-
posit a thick metal layer, comprising, for example W, Ti,
TiN, on the interlevel dielectric and into interlevel win-
dows, and then removing the excess metal using CMP.
CMP may also be used for polishing an oxide layers,
such as SiO,, Ta,0g or W,O5 or to polish nitride layers
such as SizNy, TaN, TiN.

[0005] There are, however, several deficiencies in
conventional polishing pad materials. Various types of
materials, such as polyurethane, polycarbonate, nylon,
polyureas, felt, or polyester, have poor inherent polish-
ing ability, and hence are not used as polishing pads in
their virgin state. In certain instances, mechanical or
chemical texturing may transform these materials,
thereby rendering them useful in polishing. Another con-
sideration important to preventing uneven polishing of
wafers is the choice and longevity of the backing film
used for attaching the polishing pad to the platen of the
polishing table. The backing film cushions the wafer dur-
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ing polishing and compensates for thickness variations
in the wafer or backing plate. Still another consideration
is the adhesive used to attach the polishing pad to the
platen.

[0006] The slurries used in chemical mechanical pol-
ishing are thought to cause delamination of the polishing
pad from the platen of the polishing table. Ensuing prob-
lems can range from unsatisfactory planarization of wa-
fers producing poor quality wafers in the early stages of
delamination, to total destruction of wafers and polishing
equipment, when the delaminated polishing pad flies off
a moving polishing table. Delamination is thought to oc-
cur when the adhesive used to fix the polishing pad to
the platen of the polishing table is chemically attacked
by the slurry. This, in turn, results in adhesive failure at
the adhesive/platen interface, probably due to dissolu-
tion of the adhesive. The reduction in the numbers of
sufficiently high quality semiconductor wafers produced
because of delamination contributes significantly to the
overall cost of producing integrated circuits.

[0007] One approach to reduce losses in production
due to delamination is to use an adhesive that strongly
couples the polishing pad to the platen. This approach
is based on the notion that if the polishing pad is tightly
coupled to the platen, then the polishing slurry will less
readily gain ingress between the platen and the pad to
cause delamination. One problem with this approach,
however, is that it becomes extremely difficult to change
polishing pads. Special equipment is generally required
to facilitate peeling such pads off of the platen. Often
residual adhesive is left on the platen surface, necessi-
tating the use of organic solvents to clean adhesive off
of the platen. These additional removal and cleaning
steps add to the total time and cost of producing inte-
grated circuits.

[0008] Accordingly, what is needed is an improved
CMP pad capable of providing a highly planar wafer sur-
face and having improved longevity during CMP, while
not experiencing the above-mentioned problems.

SUMMARY OF THE INVENTION

[0009] To address the above-discussed deficiencies,
the present invention provides, in one embodiment, a
chemical mechanical polishing pad for polishing semi-
conductor wafers. The polishing pad includes a thermo-
plastic backing film and a pressure sensitive adhesive
coupled to the thermoplastic backing film. The pressure
sensitive adhesive is configured to couple the polishing
pad to a polishing platen and provide an interface capa-
ble of substantially preventing delamination of the
chemical mechanical polishing pad from the polishing
platen for at least about 4 days exposure to a polishing
slurry medium having a pH of about 4 or higher.

[0010] In yet another embodiment, the present inven-
tion provides method of manufacturing a chemical me-
chanical polishing pad. The method comprises provid-
ing a thermoplastic foam polishing body and laminating
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a thermoplastic backing film to the thermoplastic foam
polishing body. The method further comprises coupling
a pressure sensitive adhesive to the thermoplastic back-
ing film. The pressure sensitive adhesive is configured
to couple a chemical mechanical polishing pad to a pol-
ishing platen and provide an interface, as described
above. Still another embodiment of the present inven-
tion is a chemical mechanical polishing pad for polishing
semiconductor wafers produced by the above-de-
scribed method.

[0011] The foregoing has outlined preferred and alter-
native features of the present invention so that those
skilled in the art may better understand the detailed de-
scription of the invention that follows. Additional features
of the invention will be described hereinafter that form
the subject of the claims of the invention. Those skilled
in the art should appreciate that they can readily use the
disclosed conception and specific embodiments as a
basis for designing or modifying other structures for car-
rying out the same purposes of the present invention.
Those skilled in the art should also realize that such
equivalent constructions do not depart from the scope
of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] For a more complete understanding of the in-
vention, reference is now made to the following descrip-
tions taken in conjunction with the accompanying draw-
ing, in which:

FIGURE 1 illustrates a cross sectional polishing pad
of the present invention;

FIGUREs 2A-C illustrate sectional views of select-
ed steps in a method for making a polishing pad ac-
cording to the principles of the present invention;
FIGUREs 3A TO 3l present exemplary data of in-
gress tests for pressure sensitive adhesives of the
present invention, as well as other adhesives; and
FIGURE 4 presents exemplary data of peel strength
tests for pressure sensitive adhesives of the
present invention, as well as other adhesives.

DETAILED DESCRIPTION

[0013] The presentinvention discloses a combination
of polishing pad backings films and adhesive materials
that provide superior polishing quality over a longer
working life, as compared to conventional pad and ad-
hesive combinations. In particular, certain combinations
of adhesives and plastic backing films were found to pro-
vide surprisingly good resistance to acidic and oxidizing
conditions found in slurry media, while retaining good
shearing strength in the horizontal (platen) plane and
low peel strength in the vertical plane (perpendicular to
the platen). In particular, it was discovered that a dual-
sided pressure sensitive adhesive (PSA) comprising a
platen side adhesive having a silicone based adhesive,
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and a backing film side adhesive having an acrylic
based adhesive, provides surprisingly good resistance
to delamination. It is thought that the silicon based ad-
hesive's resistance to chemical attack by CMP slurries
imparts resistance to delamination. Moreover, there is
little ingress of slurry into the platen/adhesive interface
and therefore only the periphery of the platen/adhesive
interface comes in contact with the slurry.

[0014] The use of a silicon adhesive in a CMP appli-
cation is contrary to the traditional view that silicone
compounds from the adhesive will leach into a silicon
wafer and irreversibly contaminant the wafer. In partic-
ular, it has long been thought that labile monomeric com-
ponents of polysiloxanes would react with the silicon wa-
fer surface and thereby deleteriously alter the semicon-
ductive properties of the wafer. The present invention
avoids these problems because: the silicon based ad-
hesive is only on the platen side; the low amounts of
ingress of the slurry into the platen/adhesive interface;
and the silicon based adhesive's intrinsic resistance to
chemical attack by CMP slurries.

[0015] For the purposes of the present invention, an
adhesive is defined as any material capable of bonding
polishing pad materials, in particular backing films, to
polishing platens by chemical or mechanical action, or
both, and which may be activated by water, non-aque-
ous solvents, pressure, heat, cold, or other means. The
term pressure sensitive adhesive refers to a type of ad-
hesive that adheres to a surface at room temperature
by means of a briefly applied pressure only.

[0016] FIGURE 1 illustrates one embodiment of the
present invention, a chemical mechanical polishing pad
100 for polishing semiconductor wafers. The polishing
pad 100 includes a thermoplastic backing film 105 and
a pressure sensitive adhesive 110 coupled to the ther-
moplastic backing film 105. The pressure sensitive ad-
hesive 110 is configured to couple a chemical mechan-
ical polishing pad 100 to a polishing platen 115.

[0017] The pressure sensitive adhesive 110 is also
configured to provide an interface 120 capable of sub-
stantially preventing delamination of the chemical me-
chanical polishing pad 100 from the polishing platen 115
for at least about 4 days exposure to a polishing slurry
medium 125 having a pH of about 4 or higher. More pref-
erably, delamination is prevented for at least 14 days
exposure to the polishing slurry medium 125. A substan-
tial prevention of delamination is indicated by a slurry
ingress 130 into the interface 120 of less than about 2
mm as further illustrated in the Experimental section to
follow.

[0018] Preferred embodiments of the polishing pad
100 include the pressure sensitive adhesive 110 being
dual sided, having a silicone based adhesive on a first
side 135 couplable to said platen 115 and an acrylic
based adhesive on a second side 140 couplable to said
thermoplastic backing film 105. It is desirable to have a
silicone based adhesive on the first side 135 only be-
cause the polishing platen 115 generally has a high sur-
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face energy. The thermoplastic backing film 105 is gen-
erally comprised of a low surface energy material, such
as high density polyethylene that does not adhere to the
silicone based adhesive with sufficient strength to cou-
ple the polishing pad 100 to the polishing platen 115.
[0019] It is advantageous for the pressure sensitive
adhesive 110 to have a low monomeric silicone content
because this minimizes the possibility of contaminating
semiconductor wafers to be polishing. Though not lim-
iting the scope of the present invention by theory, it is
postulated that the likely source of any such contamina-
tion is from the silicone based adhesive on a first side
135 of the pressure sensitive adhesive 110. The mono-
meric silicone content of the silicone based adhesives
is ideally low enougth to be confined to the first side 135
during polishing.

[0020] The monomeric silicone content of the pres-
sure sensitive adhesive 110 can be reduced to satisfac-
tory levels through conventional manufacturing proc-
esses. The level of monomeric silicone in the finished
tape construction can be determined by any number of
conventional extraction procedures well known to those
skilled in the art. For example, monomeric silicone can
be ethanol-extracted from the pressure sensitive adhe-
sive 110 or silicone based adhesive on a first side 135
and then re-dried under a nitrogen atmosphere. The res-
idue of the extract can then be dried in nitrogen and an-
alyzed for silicone content by measuring, for example,
the absorption peak of silicone at 804 cm-1 by Infrared
Spectroscopy. In preferred embodiment, for example, a
dried sample from an ethanol extract of the silicone
based adhesive has a silicone content corresponding to
less than about 100 absorption units at 804 cm™! per
gram. More preferably the extract has less then about
50 and even more preferably less than about 20 absorp-
tion units at 804 cm-! per sample weight.

[0021] In other preferred embodiments of the polish-
ing pad 100, the pressure sensitive adhesive 110 further
includes a carrier film 145 comprising polyester, for ex-
ample, and located between the first and second side
135, 140 of the pressure sensitive adhesive. The carrier
film 145 may also comprise other polymeric material
with sufficiently high surface energy for the silicone and
acrylic based adhesive to adhere to the carrier film
stronger than to the platen or thermoplastic backing film,
respectively. Examples of such materials are nylon, high
density polyethylene (HDPE) and unplasticised polyvi-
nyl chloride (HDPE).

[0022] In still other preferred embodiments of the pol-
ishing pad 100 the thermoplastic backing film 105 is a
high density polyethylene (i.e., density greater than
about 0.96 gm/cc), and more preferably, a condensed
high density polyethylene. Examples of a high density
polyethylene suitable for use as a backing film 105 are
product numbers DGDA-2490 and DGDA-2480 (Dow
Chemical Corp), Product numbers Paxon BA7718 and
Escorene HD7845 (Exxon Corp.). Other suitable mate-
rials for the backing film 105 include condensed low den-
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sity polyethylene(LPDE), linear low density polyethyl-
ene (LLDPE), polypropylene (PP), ethyl vinyl acetate
polyolefin co-polymers (EVAO), thermoplastic elastom-
ers (TPE), thermoplastic rubber (TPR), polycarbonate
(PC), polyamide 6,6, adipic-acid-1,6-hexanediamine
polymer (PAB), and thermoplastic polyurethane (TPU).
Preferably, the back film 105 is between about 5 and
about 50 mil thick.

[0023] Itis advantageous for the interface 120 to have
high shear strength in a plane parallel to a plane of ro-
tation of the platen 150. For example, the interface 120
has a shear strength in a plane parallel to a plane of
polishing platen 150 equal to at least about 10000 hrs
at 1000 g at room temperature (~72° F), or about 10000
hrs at 500 grams at 158°F.

[0024] At the same time, to facilitate the replacement
of polishing pads it is desirable for the interface 120 to
have an intermediate peel strength in a plane perpen-
dicular to the plane polishing 155. For example, the in-
terface 120 has a peel strength of between about 1 and
about 200 oz/inch, more preferably between about 10
and about 150 oz/inch, and even more preferably be-
tween about 10 and about 50 oz/inch, after 72 hours
dwell at room temperature (~72°F). Preferably, the peel
strength remains substantially constant for at least up
to about 24 hours in the polishing slurry medium 125,
for example comprising up to 10% volume / volume
H,0, at pH 4.

[0025] Still other embodiments of the polishing pad
further including a thermoplastic foam polishing body
160 coupled to the thermoplastic backing film 105. In
certain embodiments, the thermoplastic foam polishing
body 160 may comprise cross-linked polyolefins, such
as polyethylene, polypropylene, and combinations
thereof. In certain preferred embodiments, the polishing
body 160 is comprised of a closed-cell foam of
crosslinked homopolymer or copolymers. Examples of
closed-cell foam crosslinked homopolymers comprising
polyethylene (PE) include: Volara™ and Volextra™
from Voltek (Lawrence, MA) ; Aliplast™, from JMS Plas-
tics Supply, Inc. (Neptune, NJ); or Senflex T-Cell™
(Rogers Corp., Rogers, CT). Examples of closed-cell
foams of crosslinked copolymers comprising polyethyl-
ene and ethylene vinyl acetate (EVA) include: Volara™
and Volextra™ (from Voltek Corp.); Senflex EVA™
(from Rogers Corp.) ; and J-foam™ (from JMS Plastics
JMS Plastics Supply, Inc.) .

[0026] In other preferred embodiments, the closed-
cell foam of the thermoplastic foam polishing body 160
is comprised of a blend of crosslinked ethylene vinyl ac-
etate copolymer and a low density polyethylene copol-
ymer (i.e., preferably between about 0.1 and about 0.3
gm/cc). In yet other advantageous embodiments, the
blend has a ethylene vinyl acetate:polyethylene weight
ratio between about 1:9 and about 9:1. In certain pre-
ferred embodiments, the blend comprises EVA ranging
from about 5 to about 45 wt%, preferably about 6 to
about 25 wt% and more preferably about 12 to about 24
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wt%. Such blends are thought to be conducive to the
desirable production of concave cells having a small
size as further discussed below. In still more preferred
embodiments, the blend has a ethylene vinyl acetate:
polyethylene weight ratio between about 0.6:9.4 and
about 1.8:8.2. In even more preferred embodiments, the
blend has a ethylene vinyl acetate:polyethylene weight
ratio between about 0.6:9.4 and about 1.2:8.8.

[0027] In yet other advantageous embodiments, the
thermoplastic foam polishing body 160 may be charac-
terized as having at least about 85 wt% Xylene insoluble
material. The process for measuring Xylene insoluble
materials is well-known to those of ordinary skill in the
art. Such processes may involve, for example, digestion
of the blend in Xylene for 24 hours at 120°C followed by
drying and comparing the weight of the residual insolu-
ble material to the predigestion material.

[0028] The thermoplastic foam polishing body 160
may further comprise up to about 25 wt% of an inorganic
filler material. The inorganic filler may be comprised of
any Group |, Group Il or Transition Metal well known to
those of ordinary skill in the art to impart desirable trans-
lucence, color or lubricant properties to the foam sub-
strate. For example, the inorganic filler may be selected
from the group consisting of Talc, Titanium Oxides, Cal-
cium Silicates, Calcium Carbonate, Magnesium Sili-
cates, and Zinc salts. The thermoplastic foam polishing
body 160, in certain preferred embodiments, is com-
prised of about 17 wt% Talc. In other embodiments, the
filler comprises silica (about 20 to about 25 wt%), zinc
oxides (about 1 wt%), stearic acid (about 1 wt%), and
other additives and pigments (up to about 2%) well
known to those of ordinary skill in the art. Other conven-
tional filler materials, such as that revealed in U.S. Pat-
ent Nos. 6,419556, 6,099954, 6,425,816 and
6,425,803, incorporated by reference herein, are also
within the scope of the present invention.

[0029] In still other preferred embodiments, the pol-
ishing body 160 comprises a thermoconductive polymer
having a substrate with filler particles. The filler parti-
cles, containing a Group |l salt, are incorporated within
the substrate. For example, a Group Il salt may be any
cationic form of an element included in Group Il of the
Periodic Table, preferably, Magnesium(ll), associated
with any compatible anion, preferably, Oxide. Because
such polishing bodies 160 have higher thermal conduc-
tivity as compared to conventional polishing pads, there
is improved dissipation of heat generated from the fric-
tion and exothermic chemical events inherent in the pol-
ishing process. Moreover, the selective incorporation of
certain types, amounts, shapes and sizes of the filler
particles may be used to control thermal management
during polishing.

[0030] In certain embodiments of the present inven-
tion, the Group Il salt includes an anion comprising one
of sulfate, stearate or carbonate. In certain preferred
embodiments, the Group Il salt includes an anion com-
prising oxide, such as Magnesium Oxide or Calcium Ox-
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ide. The other preferred embodiments, the Group Il salt
includes an anion comprising hydroxide, for example
Magnesium Hydroxide. In embodiments where the ani-
on is hydroxide, the endothermic decomposition of the
hydroxide to oxide plus water, are thought to play a ben-
eficial role in the thermal management and in improving
wetability during the CMP process.

[0031] In certain preferred embodiments, the thermo-
conductive polymer has a thermal conductivity of great-
er than about 1 Watt m-1 K-1, preferably greater than
about 5 Watts m-! K-1, and most preferably greater than
about 15 Watts m-1 K-! to about 20 Watts m-1 K-1. In
addition to having high thermal conductivity, to avoid
deleterious effects on the function of transistors or other
electrical components located on a semiconductor wa-
fer to be polished, such as short circuits, the polishing
body 160 also preferrably is electrically neutral or non-
conducting. For example, the thermoconductive poly-
mer should have an electrical volume resistivity of great-
er than about 1 x 101 ohm cm-3 at 25°C, preferably
greater than about 5 x 1015 ohm cm-3 at 25°C. Addition-
ally, in certain preferred embodiments, the thermocon-
ductive polymer is stable in the pH range of about 2 to
about 12. The term stable as used herein means that
the thermoconductive polymer, when incorporated into
a polishing device, does not show visual signs of de-
composing in the CMP slurry, nor fray or fragment during
use. Additionally, the thermoconductive polymers are
not subject to piezochromic effects. Thus, pressure
loads associated with CMP do not substantially affect
the polymer's thermoconductive properties. Such pres-
sure loads, for example, may range from about 0.1 psi
to about 50 psi, preferably about 0.5 to about 10 psi,
more preferably about 1 psi to about 8 psi.

[0032] The above-mentioned substrate may be any
polymer used in polishing pads for CMP applications,
and compatible with the incorporation of filler particles
throughout. For example, in certain preferred embodi-
ments, the substrate may be composed of poly-
urethane, polyolefin or polyvinyl ester. Alternative em-
bodiments of the substrate include polyurea, polycar-
bonate, aliphatic polyketone, polysulfone, aromatic
polyketone, 6,6 nylon, 6,12 nylon or polyamide. In other
embodiments, the substrate is a thermoplastic rubber
or melt-processible rubber. However, embodiments
where the substrate is composed of closed-cell polypro-
pylene, polyethylene, crosslinked polyethylene, ethyl-
ene vinyl acetate, or polyvinylacetate are also within the
scope of the present invention.

[0033] To a first approximation, for given filler particle
composition, size and shape, the thermal conductivity
increases in proportion to the amount of filler present.
For example, in certain preferred embodiments, the filler
particles comprise at least about 20 %, and more pref-
erably about 40 to about 70% by weight, of the thermo-
conductive polymer. The size and shape of the filler par-
ticles also affect the extent of thermal conductivity of the
thermoconductive polymer. For example, in certain pre-
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ferred embodiments, the filler particles have a spherical
shape. In other preferred embodiments, the filler parti-
cles have an average diameter ranging from about 50
um to about 1 um, and more preferably from about 5 um
to about 1 um. In certain advantageous embodiments,
the filler particles are incorporated substantially
throughout the substrate so as to provide a uniform dis-
tribution of particles in the substrate.

[0034] The thermoplastic foam polishing body 160 is
coupled to the thermoplastic backing film 105 via an ad-
hesive 162, such as the pressure sensitive adhesive 110
used to couple the backing film 105 to the polishing plat-
en 115. Alternatively, the thermoplastic foam polishing
body 160 is coupled by thermally welding, or by extru-
sion coating a molten backing film 105 on a sheet of ther-
moplastic foam body 160. Coupling may also be
achieved using chemical bonding processes. In certain
advantageous embodiments, the thermoplatic foam pol-
ishing body 160 has a surface comprised of concave
cells 170 and a polishing agent 175 coating an interior
surface 180 of the concave cells 170.

[0035] In certain embodiments, the thermoplastic
foam polishing body 160 has cells 165 formed through-
out the body. In certain preferred embodiments, the cells
165 are substantially spheroidal. In other preferred em-
bodiments, the size of the cells 165 are such that, on
skiving the substrate, the open concave cells 170 at the
surface of the substrate have an average size between
about 100 microns and 600 microns. The average size
of the concave cells 165 ranges from about 100 to about
350 microns, preferably about 100 to about 250 microns
and more preferably about 115 to about 200 microns.
Cell size 165 may be determined using standard proto-
cols, developed and published by the American Society
for Testing and Materials (West Conshohocken, PA), for
example, such as ASTM D3576, incorporated herein by
reference. In certain preferred embodiments, where the
shape of the cell 165 is substantially spherical, cell size
is approximately equal to the mean cell diameter. In em-
bodiments comprising EVA copolymer, for example, cell
diameter is a function of the EVA content of co-polymer
bend, as disclosed by Perez et al. J. Appl. Polymer Sci,
vol. 68, 1998 pp 1237-1244, incorporated by reference
herein. As disclosed by Perez et al. bulk density and cell
density are inversely related. Thus, in other preferred
embodiments, the density of concave cells 170 at the
surface of the substrate ranges between 2.5 and about
100 cells/mm2, and more preferably, between about 60
and 100 cells/mm2. Cell density may be determined, for
example, from visual inspection of microscopic images
of the substrate's surface.

[0036] The polishing agent 175 may comprise one or
more ceramic compounds or one or more organic poly-
mers, resulting from the grafting of the secondary reac-
tants on the polishing body's surface, as disclosed U.S.
Patent Application 09/994,407 entitled, "A METHOD OF
ALTERING AND PRESERVING THE SURFACE
PROPERTIES OF A POLISHING PAD AND SPECIFIC
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APPLICATIONS THEREFOR," to Yaw S. Obeng and
Edward M. Yokley, incorporated herein by reference.
The ceramic polishing agent 175 may comprise an in-
organic metal oxide resulting when an oxygen-contain-
ing organometallic compound is used as the secondary
reactant to produce a grafted surface. For example, in
certain embodiments, the polishing agent 175 is an
amorphous silica or titanium oxide. In such embodi-
ments, the secondary plasma mixture includes titanium.
Other examples include the secondary plasma mixture
including transition metal such as, manganese or tanta-
lum. However, any metal element capable of forming a
volatile organometallic compound, such as metal ester
contain one or more oxygen atoms, and capable of be-
ing grafted to the polymer surface is suitable.

[0037] Silicon may also be employed as the metal por-
tion of the organometallic secondary plasma mixture. In
these embodiments, the organic portion of the organo-
metallic reagent may be an ester, acetate, or alkoxy
fragment. In preferred embodiments, the polishing
agent 175 is selected from a group of ceramics consist-
ing of Silicon Oxides and Titanium Oxides, such as Sil-
icon Dioxide and Titanium Dioxide; Tetraethoxy Silane
Polymer; and Titanium Alkoxide Polymer.

[0038] Numerous other secondary reactants may be
used to produce the ceramic polishing agent 175, how-
ever. The secondary plasma reactant may include
ozone, alkoxy silanes, water, ammonia, alcohols, min-
eral sprits or hydrogen peroxide. For example, in pre-
ferred embodiments, the secondary plasma reactant
may be composed of titanium esters, tantalum alkox-
ides, including tantalum alkoxides wherein the alkoxide
portion has 1-5 carbon atoms; manganese acetate so-
lution in water; manganese alkoxide dissolved in miner-
al spirits; manganese acetate; manganese acetylacet-
onate; aluminum alkoxides; alkoxy aluminates; alumi-
num oxides; zirconium alkoxides, wherein the alkoxide
has 1-5 carbon atoms; alkoxy zirconates; magnesium
acetate; and magnesium acetylacetonate. Other em-
bodiments are also contemplated for the secondary
plasma reactant, for example, alkoxy silanes and ozone,
alkoxy silanes and ammonia, titanium esters and water,
titanium esters and alcohols, or titanium esters and
ozone.

[0039] Alternatively, the polishing agent 175 may
comprise an organic polymers when organic com-
pounds are used as the secondary plasma reactant. Ex-
amples of such secondary reactants include: allyl alco-
hols; allyl amines; allyl alkylamines, where the alkyl
groups contain 1-8 carbon atoms; allyl ethers; second-
ary amines, where the alkyl groups contain 1-8 carbon;
alkyl hydrazines, where the alkyl groups contain 1-8 car-
bon atoms; acrylic acid; methacrylic acid; acrylic acid
esters containing 1-8 carbon atoms; methacrylic esters
containing 1-8 carbon atoms; or vinyl pyridine, and vinyl
esters, for example, vinyl acetate. In certain preferred
embodiments, the polishing agent 175 is selected from
a group of polymers consisting of Polyalcohols and
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Polyamines.

[0040] The polishing pad 100 is depicted in FIGURE
1in a preferred environment, a polishing apparatus 180.
The apparatus 180, comprises a mechanically driven
carrier head 185 and carrier ring 190 to secure a semi-
conductor wafer 195. The carrier head 185 is position-
able against the polishing platen 115 to impart a polish-
ing force against the polishing platen 115.

[0041] FIGUREs 2A-2C illustrate sectional views of
selected steps in yet another embodiment of the present
invention, a method of manufacturing a chemical me-
chanical polishing pad 200. As shown in FIGURE 2A the
method comprises providing a thermoplastic foam pol-
ishing body 205. As shown in FIGURE 2B, the method
also includes laminating a thermoplastic backing film
210 to the thermoplastic foam polishing body 205. Lam-
inating is achieved via chemical bonding using conven-
tional adhesives, such as epoxy or other materials well
known to those skilled in the art, or pressure sensitive
adhesives such as a dual sided material, both sides be-
ing acrylic based adhesive. In other preferred embodi-
ments laminating is achieved via extrusion coating of the
molten backing film material onto the foam, while in still
other embodiments the backing film 210 is thermally
welded to the thermoplastic foam polishing body 205.
[0042] The method further includes coupling a pres-
sure sensitive adhesive 215 to the thermoplastic back-
ing film 210 (FIGURE 2C). As noted above, the pressure
sensitive adhesive 215 is configured to couple a chem-
ical mechanical polishing pad 200 to a polishing platen
220 and provide an interface 225 capable of substan-
tially preventing delamination of the polishing pad 200
from the polishing platen 220 for at least about 4 days
exposure to a polishing slurry medium having a pH of
about 4 or higher.

[0043] Preferably the pressure sensitive adhesive
215 comprises a dual sided tape having a first side 230
comprising a silicone based adhesive and a second side
235 comprising an acrylic based adhesive sandwiched
between a carrier film 240. The acrylic based adhesive
is coupled to the thermoplastic backing film 210 and the
silicone based adhesive is configured to be coupled to
the polishing platen 220.

[0044] Yet another embodiment of the present inven-
tion, a chemical mechanical polishing pad for polishing
semiconductor wafers produced by the above-de-
scribed process, is illustrated in FIGURE 2C. Any of the
above-described embodiments of the polishing body
205, backing film 210 and pressure sensitive adhesive
215 may be used in the method of manufacturing a
chemical mechanical polishing pad 200.

[0045] Forinstance, providing the thermoplastic foam
polishing body 205 includes exposing cells 245 within
the foam polishing body 205 to form a surface 250 com-
prising concave cells 255 and coating an interior surface
of the concave cells with a polishing agent 260. The size
of the closed cells 245 within the foam polishing body
205 affects the size of the concave cells 255 ultimately
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formed on the surface 250. Several factors affect the
size of the closed cells 245. The relative amounts of eth-
ylene vinyl acetate copolymer and polyethylene may be
controlled in order to advantageously adjust the size of
cells produced during the foaming process. In addition,
the kind of foaming process used may result in different
cells sizes. The concave cells 255 preferably have an
average size of between about 100 microns and about
600 microns and a cell density of at least about 4.5 cells/
mm2, and more preferably a size between about 100
microns and about 200 microns and a cell density of at
least about 60 cells/mm2,

[0046] Any conventional foaming process well know
to those of ordinary skill in the art may be used to provide
the foam polishing body 205. The foaming process may
include, for example, blending polymers comprising the
foam polishing body 205 in a blender. The foaming proc-
ess may also include crosslinking (XL) polymers in the
foam polishing body 205, using irradiation or chemical
means to achieve crosslinking. The foaming process
may further include forming a mixture of the foam body
205 and a blowing agent, preferably under pressure,
and extruding the mixture through a conventional die to
form sheets of closed-cell foams.

[0047] Exposing cells 245 to form a surface compris-
ing concave cells 255 may be achieved by any conven-
tional process well known to those of ordinary skill in the
art. For example, exposing may be achieved by fixing
the foam polishing body 205 on a planar surface, and
cutting a thin layer (i.e., between about 1200 microns
and about 2000 microns) from the surface of the foam
polishing body 205. In certain preferred embodiments,
skiving or cutting may be performed using a skiving de-
vice, such as a those provided by Fecken-Kirfel,
(Aachen, Germany).

[0048] Coating the interior surface with a polishing
agent 260 is achieved using the grafting procedure dis-
closed in U.S. Application 09/994,407, incorporated
herein by reference. Thus, in certain embodiments,
coating comprises exposing the concave cells interior
surface 255 to an initial plasma reactant (1st plasmare-
actant) to produce a modified surface thereon. Coating
may further comprise exposing the modified surface to
a secondary plasma reactant (2nd plasma reactant) to
create a grafted surface on the modified surface, the
grafted surface comprising the polishing agent 260. Any
of the primary and secondary reactants or procedures
described in U.S. Patent Application No. 09/994,407
may be used in the grafting process to coat the polishing
agent 260 on the interior surface of the concave cells
245 of the foam polishing body 205.

[0049] Having described the present invention, it is
believed that the same will become even more apparent
by reference to the following experiments. It will be ap-
preciated that the experiments are presented solely for
the purpose of illustration and should not be construed
as limiting the invention. For example, although the ex-
periments described below may be carried out in a lab-
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oratory setting, one skilled in the art could adjust specific
numbers, dimensions and quantities up to appropriate
values for a full-scale plant setting.

Experiments

[0050] Several commercially available PSAs were ex-
amined to characterize slurry ingress kinetics and peel
strength in different types of media. Product number
9731 from 3M Company Inc. (St. Paul, MN), is dual sid-
ed PSA, having a silicone adhesive on one side, and an
acrylic adhesive on the other side, of a polyester carrier
film. Several other 3M products were tested: 9425 a mix-
ture of acrylate polymers and poly vinyl chloride, 701DL,
9430, 9495LSE and NPE-201. In addition, Product
Numbers DEV8906, DEV804928, and EL8917 from Ad-
hesive Research Inc. (Glenrock, PA) were tested. Prod-
uct Number FT 8300, an acrylic adhesive on a polyester
carrier film, from Avery Dennison Inc. (Painesville, OH)
was also tested.

Experiment 1

[0051] The ingress of solutions having different pHs
was investigated for various combinations of PSAs and
backing films. The PSAs and backing films were cou-
pled to each other and the pad adhered to the polishing
platen of a commercial bench-top polisher. The assem-
bly was flooded with a continuous flow of commercial
buffers (Fisher Scientific, Pittsburgh, PA)at pHs ranging
from 4 to 10 to simulate slurry flow during chemical me-
chanical polishing. The ingress of the solutions into the
interface between the PSA and backing film was deter-
mined by measuring the distance traveled by the leading
edge of the fluid intrusion. To facilitate the measure-
ments, transparent thermoplastic sheets, comprised of
polycarbonate or high density polyethylene, were used
to simulate the backing film of a polishing pad.

[0052] Exemplary results showing ingress, in units of
mm, as a function of the square root of the soaking time
are presented in FIGUREs 3A-3l. The ingress data are
plotted as a function of square root of time to see if in-
gress is diffusion limited. A straight line indicates a dif-
fusion limited mechanism. Product number 9731 had
substantially slower ingress rates than other PSAs. In a
pH 4 solution, for example, ingress was less than about
2 mm after (80 min)”* (about 4.4 days) , with even slower
rates of ingress at neutral and alkaline pHs (about 14
days).

Experiment 2

[0053] The effect of oxidizing solutions on the peel
strength of various adhesive backing film combinations
was investigated. Experiments were conducted on var-
ious PSAs sandwiched between stainless steel plates
and aluminum strips after being soaked for times rang-
ing from O to about 24 hours in a solution adjusted to
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about pH 4 in the presence and absence of 1-10% H,0,-
Peel strength was measured using a model AR-1000
Adhesion/Release Tester (Cheminstruments, Mentor,
OH) using a test angle of 90°. Data analysis was per-
formed using EZ STATS Analysis software, provided by
the manufacturer.

[0054] Exemplary results are presented in FIGURE 4,
in units of oz/inch. The results from these studies show
that the peel strength of product number 9731 was more
resistant to change caused by free radicals and oxida-
tive species generated by the H,0,, as compared to oth-
er adhesives. Unlike other adhesives, the peel strength
of product number 9731 desirably remained constant for
dwell times up to at least 24 hours and at intermediate
values that would be conducive to a good ease of use.
[0055] Although the present invention has been de-
scribed in detail, those skilled in the art should under-
stand that they can make various changes, substitutions
and alterations herein without departing from the scope
of the invention.

Claims

1. A chemical mechanical polishing pad for polishing
semiconductor wafers, comprising:

a thermoplastic backing film; and

a pressure sensitive adhesive coupled to said
thermoplastic backing film, said pressure sen-
sitive adhesive configured to couple a chemical
mechanical polishing pad to a polishing platen
and provide an interface capable of substantial-
ly preventing delamination of said chemical me-
chanical polishing pad from said polishing plat-
en for at least 4 days exposure to a polishing
slurry medium having a pH of 4 or higher.

2. The chemical mechanical polishing pad as recited
in Claim 1 wherein said pressure sensitive adhesive
is dual sided having a silicone based adhesive on
a first side couplable to said platen and an acrylic
based adhesive on a second side couplable to said
thermoplastic backing film.

3. The chemical mechanical polishing pad as recited
in Claim 2 wherein an extract of said silicone based
adhesive has a monomeric silicon content of corre-
sponding to less than 100 absorption units at 804
cm-1 per gram of said silicone based adhesive ex-
tracted.

4. The chemical mechanical polishing pad as recited
in Claim 2 wherein said pressure sensitive adhesive
further includes a carrier film including polyester
and located between said silicone based adhesive
and said acrylic based adhesive.
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The chemical mechanical polishing pad as recited
in Claim 1, wherein said thermoplastic backing film
is a high density polyethylene.

The chemical mechanical polishing pad as recited
in Claim 1, further including a thermoplastic foam
polishing body coupled to said thermoplastic back-
ing film, wherein said thermoplatic foam polishing
body is a closed-cell foam comprised of a blend of
cross-linked ethylene vinyl acetate copolymer and
a low or medium density polyethylene copolymer
having a ethylene vinyl acetate:polyethylene ratio
between 1:9 and 9:1.

The chemical mechanical polishing pad as recited
in Claim 6, wherein said blend has a ethylene vinyl
acetate copolymer:polyethylene ratio between 0.6:
9.4 and 1.8:8.2.

The chemical mechanical polishing pad as recited
in Claim 7, wherein said thermoplatic foam polish-
ing body has a surface comprised of concave cells
and a polishing agent coating an interior surface of
said concave cells.

The chemical mechanical polishing pad as recited
in Claim 8, wherein said polishing agent is an amor-
phous silica or titanium oxide.

A chemical mechanical polishing pad for polishing
semiconductor wafers produced by a process com-
prising:

providing a thermoplastic foam polishing body;
laminating a thermoplastic backing film to said
thermoplastic foam polishing body; and
coupling a pressure sensitive adhesive to said
thermoplastic backing film, said pressure sen-
sitive adhesive configured to couple a chemical
mechanical polishing pad to a polishing platen
and provide an interface capable of substantial-
ly preventing delamination of said chemical me-
chanical polishing pad from said polishing plat-
en for at least 4 days exposure to a polishing
slurry medium having a pH of 4 or higher.
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