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POLISHING PAD COMPRISING TRANSMISSIVE REGION

BACKGROUND OF THE INVENTION
{0001} Chemical-mechanical polishing ("CMP”) processes are used in the manufacturing
of microelectronic devices to form flat surfaces on semuconductor wafers, field emission
displays, and many other microelectronic substrates. For example, the manufacture of
semicondactor devices generally involves the formation of vanous process layers, selective
removal or patterming of portions of those {avers, and deposition of yet additional process
layers above the surface of a semiconducting substrate to form a semiconductor wafer. The
process lavers can include, by way of example, insulation layers, gate oxide layers,
conductive lavers, and layers of metal or glass, ete. It is generally desirable in certain steps of
the water process that the uppermost sarface of the process layers be planar, te., flat, for the
deposition of subsequent lavers. CMP is used to planarize process lavers wherein a deposited
material, such as a conductive or insulating matenial, is polished to planarize the wafer for
subsequent process steps.
0002} In polishing the surface of a substrate, 1t is often advantageous to monitor the
polishing process i situ. One method of momitoring the polishing process in situ involves
the use of a polishing pad having an aperture or window, The aperture or window provides a
portal throagh which light can pass to allow the nspection of the sobstrate surface by an
optical detection system during the polishing process. Polishing pads having apertures or
windows are known and have been used to polish substrates, such as semiconductor devices.
For example, U.S. Patent 6,171,181 discloses a polishing pad comprising & one-piece molded
article having a wanslucent region and an opaque region. The translucent region is formed by
solidification of a flowable polymeric material which is mitially translucent so that a portion
of the polymeric material retains its transparency after sohdification. Rapid cooling of a
region of the flowable polymeric matenial results in solidification of the vegion to minimize
crystallization of the material in the region and to provide the amorphous transhicent region.
ULS. Patent 6,840,843 discloses a polishing pad comprising a transiacent region, wherein the
transiucent region is prepared by compressing a region of a porons polymeric polishing pad
substrate so as to provide the gansiucent region.
[0003]  However, the apertures or windows often have properties that differ from the rest
of the polishing pad, such as porosity, hardoess, resistance to wear, and the hke. These
property differences ofien lead to non~amiorm polishing of substrates. Additionally,
apertures or windows have typically been designed to allow maximum transmission of Hight

to the target substrate and to the detector. This fact does not take into consideration that



WO 2012/068428 PCT/US2011/061312

5
different substrates and different detectors may require a different quality or quanuty of hght
for optimam end point detection. Thus, there remains in the art a need for inproved

polishing pads with optically transmissive regions.

BRIEF SUMMARY OF THE INVENTION
[0804]  The mvention provides a polishing pad comprismg an optically transmissive
region, wherein the polishing pad comprises {a) a polishing pad body comprising a first
region and a second region, wherein the first region is opaque, wherein the second region 13
optically transmissive, wherein the second region has at least one recess formed therein, and
{b} at least one transiocent msert integrated into the at least one recess, wherein the polishing
pad body comprises a first porous matenial and the at least one translucent insert comprises a
second porous material that differs from the first porous material.
[0003]  The invention also provides a method for making a polishing pad having an
optically transmissive region, comprising the steps of {a) providing 8 polishing pad body,
whegein the polishing pad body comprises a first porous material, {b) forming at least one
recess within the polishing pad body of at least one part of the polishing pad body, (¢}
providing at least one translucent msert, wherein the translucent insert comprises a second
porous material that ditfers from the first porous matenal, and {d) adhering the at least one
transhicent msert to the recess to provide a polishing pad having at least one optically

LrEnSmMISSive region.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S})
{0006] FIG. 1 is a cross-sectional view of a polishing pad i accordance with an
embodiment of the invention.
6007} FIG. 2 1s a cross-sectional view of a polishing pad in accordance with an
embodiment of the invention.
j0008] Figures 3A~3C depicts representative surface textures of translucent windows in
accordance with certain embodiments of the invention.
{6009] FIG. 4 1s a cross-sectional view of a polishing pad 1 accordance with an
embodiment of the wvention.
0010} FIG. 5 15 a cross-sectional view of a polishing pad in accordance with an

embodiment of the invention.
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DETAILED DESCRIPTION OF THE INVENTION
{0011} The invention provides a polishing pad comprising an optically transmissive
region. The polishing pad comprises (a) a polishing pad body comprising a first region and a
second region, wherein the first reglon is opaque, wherein the second region is optically
transmissive, wherein the second region has at least one recess formed therein, and (b} at
least one translucent msert integrated mto the at least one recess, wherein the polishing pad
body comprises a first porous material and the at least one translucent insert comprises a
second porous matenial that differs from the furst porons material.
[00121  The polishing pad can have any suitable dimensions. Typically, the polishing pad
is circular in shape (as is used in rotary polishing tools) or is produced as a looped linear belt
{as 1s used m linear polishing tools). Preferably, the polishing pad 1s eircular.
[0013]  The polishing pad body can comprise any suttable material. Desirably, the
polishing pad boedy comprises a polymer resin. The polymer resin can be any suitable
polymer resin. Typically, the polvmer resin is selected from the group consisting of
thermoplastic elastomers, thermoset polymers, polyurethanes {e.g., thermoplastic
polyurethanes), polvolefins {e.g. . thenmogplastic polyelefins), polycarbonates, water soluble
polymers tike polyethyleneoxide, glycols, poly{vinyl alcohols), biodegradable polymers such
as poly(lactic acid). polythydroxyl butyrate), polvaiers which are crosslinkable by UV or
gamma radiation, polysthicones, polysiloxanes, polyvinylalcohols, nylons, elastomeric
rubbers, elastomernic polyvethylenes, polyvtetrafluoroethvlenes, polyethyleneterephthalates,
polyimides, polvaramides, polyarylenes, polvacrylates, polvstyrenes,
polymethyimethacrylates, copolymers thereof, and mixtures thereof. Preferably, the polymer
resin is a polvarethane, more preferably, g thermoplastic polvurethane.
[0014] The pohishing pad body can be produced using any suitable technique, many of
which are known in the art, For example, the polishing pad body can be formed by methods
such as casting and extrusion. The polymer resin voay be a thermoplastic material which is
heated to a temperature at which it will flow and is then formed mto a desired shape by
casting or extrusion. The polymer resin may provide a porous structure by its natural
configuration. In other embodiments, the porous structure may be introduced through the use
of various production techimques known in the art {e.g., foaming, blowing, and the like).
Representative methods providing a porous structure comprising closed-cell pores mclude
foaming processes such as a supercritical fluid {(SCF) process, a phase mversion process, a
spinodal or bimodal decomposition process, or a pressurized gas injection process, all of

which are well known i the art. A representative method providing a porous structure
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comprising open-cell pores comprises sintering particles of a thermoplastic polymer, such as
a polyurethane, to provide an open-cell porous structure,
6015 The pad comprises a body comprising a first region and a second region, wherein
the first region is opaguee, and wherein the second region 13 optically transmissive. The figst
region of the polishing pad body is porous and has a first void volume, The first void volume
is non~zero and can be any suitable non-zero voud volome. For example, the first void
volume can be 5% or more {e.2., 10%% or more, or 20% or more, or 30% or more, or 40% ot
more). Alternatively, or in addition, the first void volume can be 70% or less {e.g., 60% or
less, or 30% or less, or 45% or less, or 40% or ess). The first void volume can be bounded by
any two of the aforementioned void volumes. Thas, for example, the first void volume can
be 20% to 7{%0, or 20% to 60%, or 20% to 50%, or 25% to 7T0%, or 25% 1o 60%, or 25% to
5056,
6016} The first region of the polishing pad body can have any sutable average pore size.
For example, the first region of the polishing pad bodv can have an average pore size of 500
pm or fess (e.g., 300 pm or less, or 200 pm or fess). In one preferred embodiment, the first
region of the polishing pad body has an average pore size of 50 pom or less (e.g., 40 wm or
less, or 30 pum or less). In another preferred embodiment, the first region of the polishing pad
body has an average pore size of I pmto 20 pm{e.g., I pmto IS pm, or 1 pm to 10 pm).
{017 Typically the first region of the polishing pad body comprises predomunantly
closed cells {i.e., pores); however, the first reglon of the polishing pad body can also
comprise open cells, Preferably, the first region of the pohshing pad hody comprises 5% or
more {e.g., 10% or more) closed cells based on the total void volume. More preferably, the

first region of the polishing pad body comprises 20% or more {e.g., 30% or more, 40% or

more, or 30% or more} closed cells based on the total void volume.

{6018] The second region of the pelishing pad body can be porous, substantially non-
porous, or completely non-porous. The second region of the polishing pad body typically has
a void volume which is sialler than the void volome of the first region of the polishing pad
body.

{6019} The first region of the polishing pad body is substantially or entirely opaque. In
one cmbodiment, a portion of the polishing pad bedy, which 1s substamtially or entirely
opague, is compressed to form a second regron of the polishing pad body that is optically
transmissive. The term “optically transnussive”™ as used herein, refers to the ability to
transmut at least a portion of light contacting the surface of the polishing pad and can be used

to describe shightly, partially, substantially, and completely transtucent or transparent
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materials. The at least one second region of the polishing pad body preferably is at least
optically transmissive to Hght having a wavelength of 390-3500 am, more preferably visible
light, and most preferably visible light from a laser light source, particularly as nsed ina
pobishing device to be used with the polishing pad.

[0020] Without wishing to be bound by any particular theory, it is beligved that the pores
in the polishing pad body canse hght passing through the porous structure to scatter, thereby
reducing the transtucency of the polishing pad body or rendering the polishing pad body
opaque. The degree of hight scattering s belteved to be g function of average pore size and
average pore volume. It 1s further believed that compressing the polishing pad body reduces
the light-scattering effect of the pores by reducing the porosity of the polishing pad body in
the region that 1s compressed. As a resolt, the compressed region (1.e., the second region of
the polishing pad body} has an increased light ransmittance (i.¢., decreased level of hight
scattering and increased translucence) as compared to the polishing pad body that 1s not
compressed (i.e., the first region of the polishing pad body).

j0021]  As will be appreciated by those of ordinary skaill in the art, the degree of
transiucence provided in this manner will depend, at least in part, on the degree to which the
porous polymer structure is compressed (i.e., the degree to which the porosity of the porouos
polymer structure is reduced). For example, the polishing pad body can be compressed by
10-50% (e, 20-30%) of its thickness prioy to compression (1e., the non-compressed
thickness of the polishmg pad body).

{00221  Compression of the polishing pad body to form at least one recess can be
performed m any suitable manner known m the art. As will be appreciated by those of
ordinary skill in the art, the most effective techmgue of compression will depend, at least in
part, on the particular polymer psed in the fabrication of the polishing pad body. The
polishing pad body can be compressed, for example, by use of RF welding techniques, by use
of calendar rollers, or by use of various pressing mechanisms known in the art, such as a
platen press, stamping machine, and the like. Furthermore, heat can be used, either alone or
in conjunction with other compression techmques, to achieve a compressed structure. For
example, the polishing pad body can be heated to a temperature approaching, meeting, or
exceeding its softening or melting temperature for a time sofficient to allow the pores of the
second region of the polishing pad body to collapse onder the weight of the polymer used in
the construction of the polishing pad body. Alternatively, heat can be applied to the polishing
pad body before, during, or afier compressing of the polishing pad body using another

compression technique. For example, an RF welding process can use a die or dies in
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conjunction with application of radiofrequency energy in the megahertz region to cause
heating of the polishing pad body that is in contact with the die or dies 1o cause comprassion
of the region of the polishing pad body. In another example, a heated press or heated rollers
can be used to compress the polishing pad body so as to compress a region of the polishing
pad body, When using heat i conjunction with another compression technique 1o compress
the pohishing pad body, the polishing pad body 15 preferably heated 1o a temperature that
approaches, meets, or exceeds the softening or melting temperature of the polishing pad
body.
j0023] In another embodiment, the second region of the polishing pad body is provided
with at least one recess, wherein the at least one recess is formed in one face {1.e., one
surface) of the polishing pad body. The said recess, or recessed area, can be tormed by
removing pad material from the face of the pad using any suitable manuer, such as with the
use of a roater tool. In one embodiment the matenal 1s removed from the recess area via a
rotary cutting tool which Is mounted on a computer numerical controlled (CNC) router table.
Depth of cut, position of the recess, rotational speed of the cutting tool and planarity of the
recess are controlled by a progranmming code. In another embodiment, the second region of
the polishing pad body is provided with a first recess and a second recess, wherein the first
and second recesses are formed by removing pad material on oppesite faces of the polishing
pad body.
{0024 The polishing pad comprises at least one transhucent insert infegrated nto the at
least one recessed area. The translucent window comprises a porous material that is different
from the material used in the preparation of the polishing pad body. The transtacent msert
can comprise any suitable material. Desirably, the translucent insert comprises a polymer
resin, The polymer resin can be as described herein for use in the preparation of the polishing
pad body. Preferably, the polvimer resin used in the preparation of the translucent insert is a
thermoplastic polymer,
0025 FIG. 1 depicts an embodiment of the mventive polislung pad. The insert 20 13
integrated mnto a recess in the polishing pad body to forn: a transnussive region. A subpad 30
is affixed to the bottom surface of polishimg pad body 10,
6026 The translucent insert can be prepared using any suitable method, such as any of
the methods described berein for the preparation of the polishig pad body. In a preferred
embodiment, the translucent insert is prepared by casting or extrusion of a thermoplastic
polymer resin (¢.¢., a thermoplastic polvurethane), followed by pressurized gas mjection

process. For example, the thenmoplastic polymer resin can be extruded to provide a sheet of
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window blank material, which is then subjected 10 high pressure carbon dioxide in a pressore
chamber, followed by heating to cause absorbed carbon dioxide to expand and to foam the
polvmer resin. This insert material is then die cut to the final shape of the recess on the face
of the polishing pad body and mtegrated nto the recess using RF welding.
[0027] The transucent insert has a voud volume that is non-zero. For example, the void
volume of the translucent insert can be % or more {e.g., 2% or more, or 3% or more, or 4%
or more, of 3% or more). Alternatively, or in addition, the void volume of the translucent
fsert can be 25% or less (e.g., 20% or less, or 15% or less). The void volume of the
transhucent insert can be bounded by any two of the aforementioned void volumes. Thus, for
example, the void volume of the vranslucent insert can be 196 1o 25%, or 1% to 20%, or 1% 1o
159, or 1% to 10%, or 25% to 60%, or 25% 1o 50%.
[6028] The translucent insert can have any suitable average pore size. For example, the
transtucent mnsert can comprise pores having an average pore size of 50 ym or less (e.g., 40
pm or fess, or 30 pum or less). {n a preferred embodiment, the translucent msert comprises
pores having an average pore size of 1 um to 20 pm {e.g., 1 pmto 15 o, or 1 pum to 10 pm).
{0029 Typically the transtucent insert comprises predominantly closed cells {i.e., pores);
however, the translucent msert can also comprise open cells, Preferably, the translucent
msert comprises 3% or more {(e.g., 10% or more) closed cells based on the total void volume.
More preferably, the translucent insert comprises 20% or more {e.g., 30% or more, 40% or
more, or 0% or more) closed cells based on the total void velume.
[0030]  The wranslucent insert can be integrated into the at least one recess by use of any
suitable technique. Non-limiting examples of suttable techniques include welding technigues
and the use of adhesives. Preferably, the ranshiwcent insert is integrated mto the at least one
recess by use of a welding technique, more preferably by use of RF welding or ultrasonic
welding. RF welding involves positioning a transiucent insert to be welded into a recess on
the polishing pad body and using a die to direct the welding process. High frequency waves
1 the megahertz scale are passed through the materials with the resudt that the preces are
heated and the translucent insert becomes integrated jnto the recess. Ultrasonic welding
involves the use of high frequency sound waves to melt the materials comprising the
transtucent window and the polishing pad body in the recess and thereby cause the materials
to flow together so that the translucent insert becomes integrated nto the recess. Typically,
the source of ultrasonic waves is a sound-generating metal tuning device {e.g., a “horn”) that
converts g high-frequency electrical signal into sound in the kilohentz scale, although any

suitable source of wltrasonic sound can be used. The hom can be any suitable horn, for
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example, a staialess steel horn. The horn cant have any suitable shape or configuration and
preferably is machined to have a similar shape, or even an identical shape, to the shape of the
transiucent insert.
[0031} In certam embodiments, the transtucent insert is formed in sity in a recess i the
polishing pad body. After formation of the recess, # precursor to the ranslucent insert is
placed within the recess and then converted into the translucent insert. For example, particles
of a thermoplastic polyurethane can be placed into the recess, followed by heating andior
compression, such as by use of RF welding, to provide g sintered translucent iusert integrated
into the recess.
f0032]  In certain embodiments, the polishing pad comprises at least two transhucent
inserts integrated into recesses formed in opposite faces of the polishing pad body, which
transtucent inserts desirably are aligned with each other. In these embodiments, the at least
two transiucent inserts can be the same or different. The at least two transtacent inserts can
comprise the same or different polymer resins. When the at least two translucent inserts are
different, the translocent insert which is on the front face of the polishing pad is porous, while
the translucent insert which is opposite to the front face of the polishing pad may be porous
or may be substantially or even completely nonporous.
[0833]  FIG. 2 depicts an embodiment of the mventive polishing pad comprising two
transtocentinserts. Translucent inserts 20 and 40 are ahgned and integrated into opposing
recesses on polishing pad body 10, A subpad 30 1s affixed to the bottom surface of polishing
pad body 10.
[0034] In some embodiments, the transiucent msert has a surface texture. The swiace
texture facilitates the lateral transport of @ polishing composition, or the gbrastve particles
across the surface of the transtucent window. The surface textore can be provided using any
suitable technigne, an example of which is through embossing the surface of the translucent
window. Embossing cau provide a vartety of patterns as depicted 1 FIGS. 3A-3C. For
example, embossing can be used {0 create a dimple pattern as depicted in FIG. 3A, a
hexagonal pattern as depicted in FIG. 3B, or a reversed hexagonal pattern as depicted in FIG.
3C. Other suitable surface texture patterns can be readily envisioned by one of ordinary skl
i the art.
{0035} The surface texture can be embossed mto a surface of the translucent window by
using an RF welding tool having features that transfer to the surface of the transltucent
window during the welding process to integrate the transtucent window into the polishing pad

boady. Alternatively, the surface texture can be embossed mto a surface of the transtucent
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msert prior to fntegration mto the polishing pad body. In addition, the formation of a surface
texture on the surface of a foamed transtucent insert typically results in the formation of
higher and lower porosity regions within the translucent insert corresponding to the different
degrees of compression that result m formation of the texture pattern.
[0036] The surface texture of the translucent insert can be tailored to provide a desired
amount of light transmission. The presence of a surface texture can result m greater hght
scattering of an incident beam of radiation, thus the density and tvpe of surface texture can be
selected to provide the desired light transmission properties. In addition, alteration of the
degree of porosity of the transfucent window by, for example, embossing alse can affect hght
scattering caused by pores.
{037} The transhicent insert optionally contains soluble particles meorporated nto the
translucent insert. When preseat, the scluble particles preferably are dispersed throughout the
transihucent imsert. Such soluble particles partially or completely dissolve m the hqud carrier
of the polishing composition during chemical-mechanical polishing. Tvypically, the soluble
particles are water-soluble particles. For example, the soluble panticles can be any suitable
water~-soluble particles, such as particles of materials selected from the group consisting of
dextring, cyclodextring, mannitol, lactose, hvdroxypropyvlcelluloses, methvlcelluloses,
starches, proteins, amorphous non-~cross-linked polyvinyl alcohol, amorphous non-cross-
linked polyvinyl pyrrolidone, polyacrylic acid, polyethylene oxide, water-soluble
photosensitive resins, salfonated polyisoprene, and sulionated polvisoprene copolymer. The
soluble particles also can be morganic water-soluble particles, such as particles of materials
selected from the group consisting of potassium acetate, potassium mizate, potassinm
carbonate, potassium bicarbonate, potassium chionde, potassium bromide, potassium
phosphate, magnesium nttrate, calctam carbonate, and sodinm benzoate. When the soluble
particles dissolve, the translucent window can be left with open pores corresponding to the
size of the soluble particles.
0038 In an embodiment, the translucent insert comprises a first thermoplastic polymer
and a second thermoplastic polvmer, wherein the first and second thermoplastic polymers are
imnnscible and form distmct phases within the translucent msert. The refractive index of the
transtucent nsert will depend on the refractive indices of the thermoplastic polymers used in
1ts formation and thewr relative amounts and can be varied based on the aforesaid parameters.
{0039 The translacent insert can be of any suiable shape, dimension, or configaration.
For example, the transtucent insert can have the shape of a circle, an oval, a rectangle, or a

square. When the translucent insest is oval or rectangular in shape, the insert typrcally has a
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maximum length of 3 ¢ 1o 8 om. When the rranshacent fngert s circular or square in shape,
the transhucent insert typically has a diameter or width of 1 em to 4 om. The transtucent
msert typically has a thickness of 0.1 emto Sem(eg., 0l omto 3em, or 0.1 e to | em).
6040 The polishing pad can comprise any suttable number of translucent inserts. The
translucent tnsert or mserts can be positioned m any suitable location of the polishing pad
body.
{00411 1nan embodiment, the polishing pad further comprises a wear mdicator located in
the transnussive region. The wear indicator desirably changes the end point signal generated
by the polishing apparatus to provide notice that the polishing pad is ready to be changed for
a new polishing pad. The window wear indicator typically is integrated into the recessed ares
of the pad between the recessed area and the translhucent insert. Non-linnting examples of
suitable wear indicators inclunde a colored thermoplastic urethane layer, a polarized
thermoplastic wrethane fayer, a thermoplastic arethane layer comprising a fluorescing agent, a
polymer layver with unique light transmission properties, an oxidized layer, a polvmer
comprising thermochromic dves, a moisture indicating layer for detection of window leaks,
and a wavelength filtering layer. FIG. 4 depicts an embodiment of the inventive polishing
pad comprising opposing translucent inserts 20 and 40 mtegrated imto polishing pad body 10,
with wear indicator S0 interposed between transfucent insert 20 and polishing pad 10. A
subpad 30 is affixed to the bottom surface of pohshing pad 10
{0042} When the polishing pad comprises two translacent mserts oppositely disposed
from one another and integrated nto first and second recesses formed on opposite faces of
the polishing pad body, the transtacent msert integrated into the back surface of the pohshing
pad can be coplanar with the back surface of the polishing pad, recessed from the back
surface of the polishing pad, or can extend beyond the back surface of the polishing pad. A
transtucent insert that extends beyond the back surface of the polishing pad is depicted in
FIG. S0 A first translucent insert 20 s integrated into & first recess on the polishing surface of
polishing pad body 10 and is coplanar with the polishing surface, and a second transtucent
insert 40 is integrated into a second, opposite recess on the bottom surface of the polishing
pad body 10 and extends beyond the bottom surface of polishing pad body 10, In use,
compression of the affixed subpad 30 by a platen {not shown) allows the platen to apply
pressure o the second translucent msert 40. The pressure apphied to the second translucent
msert 40 13 transmitted to the first transincent msert 20 and can help prevent an air pocket

from forming between first translucent insert 20 and a subsirate being polished.
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0043 A polishung pad in accordance with the invention can be used alone or optionally
can be used as one laver of a multi-layver stacked polishing pad, as illustrated tn FIGS. 1,2, 4,
and 5. For example, the mventive polishing pad can be used in combination with a subpad.
The subpad can be any suaitable sobpad. Sustable subpads wctude polyurethane foam
subpads, impregnated felt subpads, microporous polvurethane subpads, or sintered urethane
subpads. The subpad typically is softer than the polishing pad of the invention and therefore
1s more compressible than the polishing pad.  In some embodiments, the subpad is harder
and is less compressible than the polishing pad. The subpad contains at least one window or
aperture to expose the transnssive region of the polishing pad. The subpad optionally
comprises grooves, channels, hollow sections, and the like. When the polishing pad of the
invention 1s used in combination with a sabpad, typically there 1s an intermediate backing
layer such as a polvethyieneterephthalate film, coextensive with and between the polishing
pad and the subpad.
[0044] A polishing pad of the invention has a polishing surface which optionally further
comprises grooves, channels, and/or perforations which facilitate the lateral transport of a
pohishing composition 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 can be used. The grooves can be in the form of slanted
grooves, concentric grooves, spiral or circular grooves, XY crosshateh pattern, and can be
contintious or non-continuous in connectivity. Preferably, the polishing pad has a polishing
surface that comprises at least small grooves produced by standard pad condittoning methods.
Typically, the translucent window 1s not provided with the same grooves, channels, and/or
perforations as for the polishing pad.
[0043]  The invention further provides a method of polishing a substrate, which method
comprises (1) providing a substrate 1o be polished, (i) contacting the substrate with a
polishing system comprising the mventive polishing pad described herein and a polishing
composition, and (111} abrading at least a portion of the substrate with the polishing system to
potish the substrate.
6046} The polishing composition can be any suitable polishing composition. The
polishing composition typically comprises an aqueous carner, a pH adjustor, and optionally
an abrasive. Depending on the tvpe of workpiece being polished, the polishing composition
optionally can further comprise oxidizing agents, organic acids, complexing agent, pH

bufters, surfactants, corrosion inhibitors, anti-foaming agents, and the like.
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[0047] The following examples further illustrate the invention but, of course, should not

be constraed as in any way limiting its scope.

EXAMPLE 1
6048] This example demonstrates the effect of the textoring patterns of the transiucent
insert on the % transmission of laser light through a transmissive region of a pelishing pad of
the present invention.
{0049 Saraples were prepare by cutting pieces of a porous polvurethane foam pohshing
pad (D-200, Cabot Microelectronics, Aurora, IL) and forming a recess on the polishing
surface side vsing a router tool. The recesses were 30 mil deep and formed in a oblong
shape. The polishing pad pieces were between 33 and 56 mil thick.
[0050]  Translucent mserts of thermoplastic polyurethane having a Shore D hardness of
55 were prepared with different texture patterns formed on their surfaces. The texture was
formed by An RF welding process using patterned aluminum tools. The pattern was formed
gither by laser engraving or by chemucal etching of the alununum tool surface. The tool
paiterns were made by Meld-Tech Inc. {Carol Swream, 1L}, The translucent inserts were then
integrated mto the recesses formed in the polishing pad pieces by RF welding to form the
transmissive regions for testing.
6051} Laser light from a 653 nm laser light source was directed through each of the
transmissive regions being tested. The laser Heht transmitted was detected using a Newport
optical power meter, model 1931-C (Newport Corporation, Irvine, CA).  The results of the
tests are shown in Table 1. The pattern number of the Mold-Tech tool is given as reference
with the description of the texture pattern. As can be seen from the data, a wide range of %
transmission values can be generated depending on the pattern chosen for the transhicent
insert. Different patterned inserts can thus be selected, and hence different transmissive
regions formed 1 polishing pads, to provide the optimum % transnussion {o optumize end

point detection for the polishing application.
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Table 1.

Patiern Description M-T number %% Transnussion
No texture N.A. 445
Small gnid MT-11640 14.5
Dunple patiemn MT-11605 8.9
Reverse Hex MT-11610 3.0
Hex patterns MT-11600 2.5
Large gnid MT-11475 1.4
Random patiern MT-11430 1.3
Random patiern MT-11570 2.8
Random patiern MT-11050 32
{6052} All references, including publications, patent apphications, and patents, cited

herein are hereby incorporated by reference to the same extent as if each reference were
individoally and specifically indicated to be incorporated by reference and were set forth in
s entirety herein.

{00531  The use of the terms “a” and “an” and “the” and similar referents in the context of
describing the wvention {especially in the context of the followmg claims) ave to be
construed 1o cover both the singular and the plural, unless otherwise indicated herein or
clearly contradicted by context. The terms “comprising,” “having,” “including,” and

y

“containing” are to be construed as open-ended terms {i.e., meaning “including, but not
limited 10,7} unless otherwise noted. Recitation of ranges of values heren are merely
intended to serve as a shorthand method of referrmg individually to each separate value
falling within the range, unless otherwise indicated herein, and each separate value is
incorporated mto the specification as i it were mdividually recited herein. All methods
described herein can be performed 1 any suitable order unless otherwise mndicated herein or
otherwise clearly contradicted by context. The use of any and all examples, or exemplary
language (e.g., “such as”) provided herein, is intended merely to better ifluminate the
invention and does not pose a limitation on the scope of the wnvention unless otherwise
claimed. No language in the specification should be construed as indicating any non~claimed
element as essential 1o the practice of the invention.

[0054] Preferred embodiments of this mvention are described herein, including the best
node known 1o the inventors for carrying out the mvention, Varigtions of those preferred
embodiments may become apparent to those of ordinary skill in the art upon reading the

foregoing description, The inventors expect skilled artisans to employ such vanations as
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appropriate, and the inventors wtend for the inveation to be practiced otherwise than as
specifically described herein. Accordingly, this invention includes all modifications and
equivalents of the subject matter recited in the claims appended hereto as permitted by
apphcable law. Moreover, any combination of the above-described elements in all possible
variations thereof 1s encompassed by the invention unless otherwise indicsted herein or

otherwise clearly contradicted by context.
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CLAIMS
1. A polishing pad comprising an optically transmissive region, wherein the

polishing pad comprises: (a) a polishing pad body compnising a first region and a second
region, wherein the first region is opague, wherein the second region is optically
transmissive, whergin the second region has at least one recess formed therein, and (b} at
least one translucent msert integrated mto the at least one recess, wherein the polishing pad
body comprises a first porous material and the at least one translucent insert comprises a
second porous matenial that differs from the furst porons material.

2. The polishing pad of claim 1, wherein the polishing pad body comprises a first
thermoplastic polymer and the at least one translucent msert comprises a second
thermoplastic polymer that differs from the first thermoplastic polymer.

3. The polishing pad of ¢claim 1, wherein the translucent insert comprises a first
thermoplastic polymer and a second thermopiastic polymer, and wherein the first and second
thermoplastic polvmers are immiscible and form distinct phases within the translucent
window.

4. The polishmg pad of claim I, wherem the wranslucent insert further comprises
particles of a material that differs from the second porous material.

s The polishing pad of claim 4, wherein the particles comprise a material that is

soluble in water,

é. The polishmng pad of elaim 1, wheremn the translucent insert has a void volume
of 0.1% to 10%.
7 The polishing pad of claim 1, wheremn the wanslucent msert has a polishing

surface with a texture,

& The polishing pad of claim 1, wherein the second region has a first recess and
a second recess formed therein, and wherein the first recess has a first transiucent msert
mtegrated therein, aud the second recess has a second translucent insert integrated therein.

9. The polishing pad of clatm &, wherein the face of the polishing pad body
comprising the second recess defines a plane, and wherein a surface of the second transtucent
insert 18 substanually coplanar with the plane.

10, The polishing pad of claim 8, wherem the face of the polishing pad body
comprising the second recess defines a plane, and wherem a sorface of the second transtocent
msert extends beyond the plane.

1. A method for making a pohishing pad having an optically transmmissive region,

comprising the steps oft
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{a) providing a polishing pad body, wherein the pohishing pad body
comprises a first porous material,

{b) forming at least one recess within the polishing pad body,

{c) providing at least one transhucent insert | wherein the transtucent insert
comprises a secondd porous matenial that difters from the first porons
material, and

{d) adhering the at least one translucent insert to the recess 1o provide a
polishing pad having at least one optically transmissive region.

12, The method of claim 11, wherein the polishing pad body comprises a first
thermoplastic polymer and the at least one translucent msert comprises a second
thermoplastic polymer that differs from the first thermoplastic polymer.

13, The method of claim 11, wherein the translucent insert comprises a first
thermoplastic polymer and a second thermopiastic polymer, and wherein the first and second

thermoplastic polvimers are immiscible and form distinct phases within the translucent insert.

14. The method of claim 11, wherein the transhucent insent further comprises
pastictes of a material that differs from the second porous material.
is. The method of claim 11, wherein the translucent insert 1s formed prior to

adhering the wanshucent insert to the recess.

16.  The method of claim 11, wherein the transhucent insert is formed by placement
of a precarsor of the translucent insert within the recess and then conversion of the precuarsor
to the transincent insert.

17 The method of claim 11, wherein the step of forming a recess within the
polishing pad body comprises use of an energy input selected from the group consisting of
pressure, heat, radio frequency rradiation, ultrasonic welding, and combinations thereof.

18 The method of claim 11, wherein the step of forming a recess within the
polishing pad body comprises use of a router tool.

19, The method of claimy 11, wherein the step of adhering the at least one
transincent insert to the recess comprises use of an energy inpt selected from the group
consisting of solvent adhesion, pressure, heat, radio frequency wradation, vltrasonic
welding, and combmations thereof.

20, The method of claim 11, wherem the translucent insert has a polishing surface

with a texture.



