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removes portions of the layer(s). The wafer and the polishing pad can be rotated in the
same direction or in opposite directions, whichever is desirable for the particular polishing
process being carried out. The carrier also can oscillate across the polishing pad on the
polishing table.

[0004]  In polishing the surface of a wafer, it is often advantageous to monitor the
polishing process in situ. One method of monitoring the polishing process in situ involves
the use of a polishing pad having an aperture or window. The aperture or window provides
a portal through which light can pass to allow the inspection of the wafer surface during the
polishing process. Polishing pads having apertures and windows are known and have been
used to polish substrates, such as the surface of semiconductor devices. For example, U.S.
Patent 5,605,760 provides a pad having a transparent window formed from a solid, uniform
polymer, which has no intrinsic ability to absorb or transport slurry. U.S. Patent 5,433,651
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there remains a need for effective polishing pads having translucent regions that can be

produced using efficient and inexpensive methods and provide constant light transmissivity

over the lifetime of the polishing pad.

' [0007]  Another problem that arises in advanced CMP polishing applications is the need

for optimized consumables to achieve desired performance, such as lower defectivity, lower

dishing and erosion. Available commercial pads have a wide spectrum of pore sizes

ranging from a few to hundreds of microns. It is believed that abrasive and metal particles

fill these pores during polishing and are difficult to wash away. Such contaminants are

known to cause wafer scratches and are especially problematic for 65 nanometer or lower

nodes.

[0008] Polishing pads having microporous open or closed structures, non-porous

structures, and porous open-celled interconnected structures are commonly known in the art.



ranging froma few to hundreds of mcrons. It is believed that abrasive and
netal particles fill these pores during polishing and are difficult to wash
away. Such contam nants are known to cause wafer scratches and are
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and porous open-celled interconnected structures are conmmonly known in the
art. WD 2007/001699 PCT/ US2006/ 020193 3 See e.g., U S. Patents 4,138, 228,
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pad substrate of the invention, and (c) a carrier that holds a workpiece to be polished by
contacting the rotating polishing pad. The method of polishing comprises the steps of (i)
contacting a workpiece with the polishing pad comprising the polishing pad substrate of the
invention and (ii) moving the polishing pad relative to the workpiece to abrade the
workpiece and thereby polish the workpiece.

[0012] A particularly preferred aspect of the invention provides a chemical-mechanical
polishing pad substrate comprising a microporous closed-cell foam characterized by a
narrow pore size distribution in the range of 0.01 microns to 10 microns. The polishing pad
substrate is produced by extruding a polymer resin into a solid polymer sheet, combining
the solid polymer sheet with a supercritical gas under elected temperature and pressure until
the polymer sheet has been saturated, and forming a polishing pad substrate from the gas
saturated polymer sheet. The invention further provides a chemical-mechanical polishing
apparatus for using the polishing pad substrate. The CMP apparatus comprises a platen that
rotates, the polishing pad substrate of the invention, and a carrier that holds a workpiece to
be polished by contacting the rotating polishing pad.



pol i shing pad substrate conprising a m croporous closed-cell foam
characterized by a narrow pore size distribution in the range of 0.01
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[0018] e porous polymeric material of the polishing pad substrate has 4 highly

uniform distribution of pore sizes (i.e., cell sizes). Typically, 75% or more (e.g., 80% or
more, or 85% or more) of the pores (e.g., cells) in the porous material have a pore size
distribution of £0.5 pm or less (e.g., £0.3 pm or less, or £0.2 um or less). In other words,
75% or more (e.g., 80% or more, or 85% or more) of the pores in the porous material have a
pore size within 0.5 um or less (e.g., 0.3 pm or less, or 0.2 pm or less) of the average pore
size. Preferably, 90% or more (e.8., 93% or more, or 95% or more) of the pores (e.g., cells)
in the porous material have a pore size distribution of 0.5 pm or less (e.g., 0.3 pm or less,
or £0.2 pm or less).

[0019]  Typically, the porous polymeric material of the polishing pad substrate
comprises of predominantly closed cells (i.e., pores). The porous material of the present
invention preferably comprises at least 70% or more closed cells. The polishing pad
ideally has a hardness of 75 Shore A to 75 Shore D.

[0020]  The porous material of the polishing pad substrate can have any suitable density
or void volume. Typically, the porous material has a density of 0.2 g/cm® or greater (e.g.,
0.3 g/om’ or greater, or even 0.4 g/cm® or greater), preferably a density of 0.5 g/cm® or
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any suita for exanpl e,
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prepolymers, with a prepolymer containing an isocyanate reactive moiety. Suitable
isocyanate reactive moieties include amines and polyols.

[0023]  The selection of the polymer resin will depend, in part, on the rheology of the
polymer resin. Rheology is the flow behavior of a polymer melt. For Newtonian fluids, the
viscosity is a constant defined by the ratio between the shear stress (i.e., tangential stress, o)
and the shear rate (i.e., velocity gradient, dy/dt). However, for non-Newtonian fluids, shear
rate thickening (dilatent) or shear rate thinning (pseudo-plastic) may occur. In shear rate
thinning cases, the viscosity decreases with increasing shear rate. It is this property that
allows a polymer resin to be used in melt fabrication (e.g., extrusion, injection molding)
processes. In order to identify the critical region of shear rate thinning, the rheology of the
polymer resins must be determined. The rheology can be determined by a capillary
technique in which the molten polymer resin is forced under a fixed pressure through a
capillary of a particular length. By plotting the apparent shear rate versus viscosity at
different temperatures, the relationship between the viscosity and temperature can be



1999, Chapter 3). For exanple, thernoplastic polyurethane can be forned in
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el ast oneri BOlgPﬁi?Sé‘h@ thegpeniastie polabane o ROlRWEhpMeSORH RN FASl as gt o) ysts, or a
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When t he [
ppre%érr[a%ly 2 to 4. Typically, the thermoplastic polyurethane has a glass transition
temperature of 20 °C to 110 °C and a melt transition temperature of 120 °C to 250 °C.
When the polymer resin is an elastomeric polyolefin or a polyolefin copolymer (such as the

copolymers described above), the weight average molecular weight (M,,) typically is 50,000
g/mol to 400,000 g/mol, preferably 70,000 g/mol to 300,000 g/mol, with a PDI of 1.1 to 12,
preferably 2 to 10. When the polymer resin is nylon or polycarbonate, the weight average
molecular weight (My,) typically is 50,000 g/mol to 150,000 g/mol, preferably 70,000 g/mol
to 100,000 g/mol, with a PDI of 1.1 to 5, preferably 2 to 4.

[0026]  The polymer resin selected for the porous material preferably has certain
mechanical properties. For example, when the polymer resin is a thermoplastic
polyurethane, the Flexural Modulus (ASTM D790) preferably is 130 MPa (~20,000 psi) to
1200 MPa (~170,000 psi), the average % compressibility is 8 or less, the average %



resin is a nylon or polycarbonate, the MFl preferably is 8 or less (e.g., 5
or less) over 10 mnutes at a tenperature of 210 C and a | oad of 2160 g.
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TEi S kf eat ur gno?slhﬁﬁ§ctt05%en4 H&r ﬁm@ﬁfehnﬁ@@ftthetﬂ%ﬁshﬂférpﬁcfsﬁ&?ateo FeS&Rhpit AOUghoUt the
thickness o consmtenc? m hg?lp trangmi?tance oy tge pohahmg pad substrate of the invention can be
compared to a solid, or nearly solid, polyurethane window of the prior art. Before

polishing, solid polyurethane windows have consistent surface properties; however, during

polishing the window becomes abraded and scratched giving rise to inconsistent surface
properties. Therefore, an endpoint detection system must be constantly adjusted in response
to each new pattern of scratches that arises during polishing. In contrast, the polishing pad
substrate of the invention begins with a roughened surface that remains substantially
unchanged during and after abrasion during polishing, such that the endpoint detection
settings can remain substantially unchanged over the lifetime of the polishing pad substrate.
[0029]  The presence of pores in the polishing pad substrate of the invention can have a
significant beneficial effect on the polishing properties. For example, in some cases, the
pores are capable of absorbing and transporting polishing slurry. Thus, the transmissive
region can have polishing properties that are substantially the same as the remaining



Thus, when the surface of the pad is renmoved during polishing, the material

beneath the surface has substantially simlar porosity and roughness, and

t hus substantially simlar polishing properties and light transmttance
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polishing  surface out the need for &seco , opa?ue_ rtion of the

pol i shi ng (P4dPipetatoriPEnqa daeomBREYRLTRTE-Pr Eof PIHSITEHEHN JUCHIOBEAThe pol i shi ng
pad subst Pafesabdy, the ipelishing pasitsitostrato fstoradnest bya prenserized gag dnigstipsmrecess.- dye, whi ch
enab: es t heo3gubstieahiRell fro&esd i@&bweé/@? donibin@ig 2 Folymeér resi wit a @p@&[tic&lﬁ ul a][ ah
wavel engt ] ; ; gths of Iight

N L ATl A

(e.g., bac to nol se ratio of
det ect i on.InveRfien Sgmitesingls-nasq sdvont ThaRolymsiresigap Pf & oL g POMF% apl e dye or can

conpri se aesgwrtseribad ptome. ok suggresticalPas is ghrlenmted Yesubjecting ades tp ot glesatetli ne
temperature (e.g., 100 °C to 300 °C) and pressure (e.g., 5 MPa (~800 psi) to 40 MPa (~6000
psi)) sufficient to create a supercritical state in which the gas behaves like a fluid (i.e., a

supercritical fluid, SCF). The gas can be a hydrocarbon, chlorofluorocarbon,
hydrochlorofluorocarbon (e.g., freon), nitrogen, carbon dioxide, carbon monoxide, or a
combination thereof. Preferably, the gas is a non-flammable gas, for example a gas that
does not contain C-H bonds. The single-phase solution of the polymer resin and the
supercritical gas typically is prepared by blending the supercritical gas with molten polymer
resin in a machine barrel. The single-phase solution then can be injected into 2 mold, where
the gas expands to form a pore structure with high uniformity of pore size within the molten
polymer resin. The concentration of the supercritical gas in the single-phase solution
typically is 0.01% to 5% (e.g., 0.1% to 3%y of the total volume of the single-phase solution.
These and additional process features are described in further detail in U.S. Patent



dyes, di-and tri-aryl nethine dyes, aza anal ogues of diaryl nethine dyes, aza
(18) annul ene dyes, natural dyes, nitro dyes, nitroso dyes, azo dyes,

ant hraqui none dyes, sulfur dyes, and the like. Desirably, the dye is

sel ected so ubstantially transmts the wavel en i ght used
for in situ %QZ%gbﬁ?éhetectlon with mniml or no absorgﬁﬁgﬁagy&?gght at the
detecti on wavel ength. For exanple, when the |ight source for the endpoint
detection (EPD) systemis a HeNe |aser, which produces visible Iight having
a wavel ength of 540 to 570 nm the dye preferably is a red dye. [0031] The
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PCTI US2006/°9/% @ (%g*z@ﬁwgi%‘m‘ﬂféPrﬁi’aé?dd’f?\é‘lhlsa‘?%ar“e@{s‘ryl%‘i}qﬁ?s@s P¥e% or red by
creating a apprepriateayiaadisalt doneentadtion fangitipys, tofidre the siligbe-bphdsswerbl uti on (e.g., by
rapidly changinggypitiemb@sPaiaied i usdvietal ERES Breblrsors(fef, MORN, to produce

great of ¢ iG] A3k ANl L RBRRRH o8HG: Bl NS, BRI O, Nuct eation sites

are the sites at upéercriti cal gas form
clusters fPabinatien drreph avhick when placed e Sﬂ&%&%ﬂwgewea@n@m}@ hothe nunber of
nucl eat i on usdergachydrslysis of the alkoxide ligands and condensation (e.g., polycondensation)

resulting in the formation of M-O-M linkages (e.g., Si~O-Si siloxane linkages). Optionally,
catalysts such as protic acids (e.g., HCI) and bases (e.g., ammonia) can be used to improve
the kinetics of the hydrolysis and condensation reactions. Two-step methods typically
involve the use of pre-polymerized precursors such as pre-polymerized tetraethyl
orthosilicate (TEOS). As the number of M-O-M linkages increases, a three-dimensional
network is formed which contains pores that are filled with solvent (e.g., water). The

solvent can be exchanged with alcohol to form a structure referred to as an alcogel. Simple
evaporation of the solvent typically leads to considerable destruction of the solid three-
dimensional network resulting in the formation of a xerogel. A more preferred drying
technique, which does not result in substantial destruction of the solid three-dimensional
network, is supercritical extraction, Supercritical extraction typically involves combining



estimated by assum ng that the nunber of nucleation sites is approxinmtely
equal to the nunber of cells fornmed in the polynmer material. Typically, the
t hernodynam c instability is induced at the exit of the nold or die that
cont ai ns t h§oShghgohase sol ution. The porous material can be formed from
the singl e-phase sol ution by any suitable technique i nttutiZAY 02U r usi on
into a polynmer sheet, co-extrusion of nmultilayer sheets, injection nolding,
conpressi on nol ding, blow nmolding, blown film nultilayer blown film cast
film thernmoform ng, and | am nationjpPreferably, the polishing pad
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Boca Raton, FL, 1983, p. 256; and Prasad et al. Macromolecules 1989, 22, 914. For

example, when the polymer resin is a thermoplastic polyurethane, an aromatic ether-based

polyurethane, strongly polar solvents such as ethers, ketones, chloroform,

dimethylformamide, and the like have interaction parameters less than 0.3 and will act as

“good solvents” for the polymer. On the other hand, hydrocarbon solvents such as
cyclohexane, cyclobutane, and n-alkanes have an interaction parameter greater than 0.5 and
function as poor solvents or “non-solvents,” The Flory-Higgins interaction parameter is
sensitive to temperature so a solvent that is a good solvent at high temperatures may become
a non-solvent at lower temperatures. As the number of fine polymer resin particles added to
the non-solvent increases, the fine polymer resin particles connect to form initially as
tendrils and ultimately as a three-dimensional polymer network. The non-solvent mixture is
then cooled causing the non-solvent to form into discrete droplets within the three-



(such as an alcohol, in particular nmethanol, as is present in an alcogel, or
CO2 gas which is accorrpl i shed by gas/sol vent exchange) and applying a
tenperature and pressure to the mxture that is above th% (‘m}%{) 51930' nt of
t he expandi n§020&0169nder t hese conditions, vitrificati R nki ng,
or polymerization of the solid material can occur. The pressure is then
slowy lowered to all ow the expandi ng ent to diffuse out of the vitrified
structure. The resulting sol-gel materral, referred to as an aerogel, has a
m cr ocel | uldirensiopd pskymgraaiwerki dhe vouldng mﬁglaéwermbmepma@r@l leeingseb-por e si ze
dlstrlbuthmc@aPmb@mapntrolIed Such aerogel materials can be transparent
to visible Vi ol wavel engt.h above .25 nm Hybrid
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pol ar sol véleP Be pressutized eas injegtion-rsacessdnyadyes theusg o haz PRGRNES #ithi de, and
the like h@ke@surdst@fowefal gafinped sulie ipelymel shea copisidy. adolyitkr Wesid. The holgmer ' good

sol vents” fqf, d EPFO%S{'&'E[E ogﬁ(} Pe?ﬁ‘u és&%edﬁ sEl}’ade?rﬁ&‘Jdbs@Qet%lagﬁ@éd%tS“Ch as

cycl ohexane, anes
greater t hawnotelgpqﬁare ItQ APIGSTHE &%sse&oé@a%@gvéﬂwscgz) is psigd &g éwﬁ% and The
Fl ory- Hi gg nh‘es/esséltxepraszhnaﬂ teaterelufficichisto faredwl dppropridtoatheumpef the disgasso a
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non- sol ven ures yner resin
particles abFB%BP rraer ig q‘f@? Aopertionah o thegpliedsrressure gecordingtoddnphilawr esi n
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three-di megsi A0BLAG YitBlso AEE-WMREKthe AitSint' S Yas BbGH iSO Mt dofymer
sheet. Once the pressurized gas has thoroughly saturated the polymer, the sheet is removed
from the pressurized vessel. The release of pressure causes the polymer sheet to form a
foam. The resulting polymeric foam typically has an average cell size ranging from 0.5
microns to 1 micron, If desired, the polymer sheet can be quickly heated to a softened or

molten state. As with the mucell process, the pore size of the porous material is at least in
part controlled by the temperature, pressure, and concentration of the supercritical gas, and
combinations thereof.

[0037]  The preferred polymeric material for a successful pressurized gas injection
process is a thermoplastic polyurethane (TPU) with a hardness in the range of 40 Shore D to
80 Shore D, a M,, 0f 20,000 to 600,000, and a PDI of 1 to 6. The polymer resin preferably



t hen cool ed causing the non-solvent to forminto discrete droplets within
the three WO 2007/001699 PCT/ 1.JS2006/ 020193 11 di nensi onal pol yner
network. The resulting material is a polynmer material havi ng sub- m cron
pore sizes. {BQ3Plooldde Spinodal or binodal deconposition BCIEEIYSIHIH ves
controlling the tenperature and/or volume fraction of a -polyner-polyner

m xture, or a polyner-solvent mxture, so as to nove the mxture froma
si ngl e-phase region into a two-phase région. Wthin the two-phase region,
ei ther spi nBdahs MmBioBb%e@meﬁu]@dailﬂdmmSﬂBO BMoa@fa I\a;\IIE@Jralp()' yWFr

m xture ca e .pr. S | ol ymer -
pol ymer m )I}f[ %ﬁ@%fgﬁ%gg’%r@%% gg’n%o%lgd)g??? Ld;?@% lgsggrg%tl%ongén%?ﬁ%ﬂgﬁ%iog?d?um phase.
In the spi"hdeIM0 Cegion, the free energy of mixing curve is negative, such
t hat phase separation of the poly * ﬁ’e formati on of a two-phase
material), or phase separation of Fy r and the solvent, is
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of the ph&x¥ésamppBrati on. The pol yners preferably conprise the pol ymer
resins descri bed above. [0036] The pressurized gas injection process

i nvol ves the use of high tenper res .essures to force a gas into a
solid pol yner sheet conprising grta%ﬁgﬁyﬁgélprﬁgégr{mﬁ The polyner resin can be
any of theSpBplgme¥horecd| ng, (@hstr | hedoabelbSizegpum)d ext%BSkE shedt€Cire pl aced
at room tenperatage i nt 0.988 pressesy veseslt 028 gas (®o@., N2 a¢ C02) is
added to the vessgﬂsls, a”d08§ e vesg?.l/o i§4%e§§yrhzed 5.6 2 Ievel4 sufficient to
force an appropriate, anount of the’ gas, "as a ”superc’rlti cal f?ui d, into the
free volunme of the polyner sheet. The anmpbunt of gas dissolved in the

pol ymer i s [@B9lect Axopped polishingBampdridon fast bagatr £cbnirfi@sially Saflsil©padi ng t o
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rate of di % he amount
of gas t hat0 (4P swdfigmeterpadyethsybpadspd x-yigeases ansddirmapslihep sAyiovdd gas has
t hor oughl y irsRIG\S lednd @, the@arisib WHRH of the @resdne Riveritidn (1etalsdathnotdlip afftraed Hr essuri zed
vessel. The b &lcaasfionl rab CORpHef 1ot ?ﬁﬁmé{tﬁl ﬁ&bé%f wiikEsth iflﬁ{ torma foam
The resul ti ﬁg pol'ymeric toa pi ca as an”avertage cel'T e ze rangi ng from
0.5 m cr ofynRagbIE within wafer mnu@&mrtzéé, VA& pol ymer sheet can be quickly
heated to f08@)f t eWden the polishiriggad sibsfre ofile inbvdnfiof bestiurze bihly prpoties 8fat he pore
size of t hgolﬁf?ﬁlg Bﬁi, '[B@tpgfiéhﬂg ﬂa& Sl?otstrcjitg @&tbein%unted into a polishing pad using any

suitable technique. For example, the polishing pad substrate can be mounted into a

polishing pad through the use of adhesives. The polishing pad substrate can be mounted

into the top portion of the polishing pad (e.g., the polishing surface), or can be mounted into

the bottom portion of the polishing pad (e.g., the subpad). The polishing pad substrate can

have any suitable dimensions and shape, e.g., round, oval, square, rectangular, triangular,

and so on. The polishing pad substrate can be positioned so as to be flush with the

polishing surface of the polishing pad, or can be recessed from the polishing surface of the

polishing pad. The polishing pad can comprise one or more of the polishing pad substrates

of the invention. The polishing pad substrate(s) can be placed in any suitable position on

the polishing pad relative to the center and/or periphery of the polishing pad.

[0041]  The polishing pad into which the polishing pad substrate is placed can be made

of any suitable polishing pad material, many of which are known in the art. The polishing



part controlled by the tenperature, pressure, and concentration of the
supercritical gas, and conbinations thereof. [0037] The preferred polyneric
material for a successful pressurized gas injection process is a

t her nopl astic pol yurethane (TPU) with a hardness in the range of 40 Shore D
to 80 Shor éV@R00FHM of 20, 000 to 600, 000, and a PDI o{, 1]1U§z 6;32 he pol ymer
resin preferably WO 2007/001699 PCT/ US2006/ 020193 12 ﬁ 3IVFI of 0.1
to 30 when neasured at 210 C under a 2160 g |oad, a Fl exural Modul us of 25
psi to 200,000 psi, a RPI of 2 to 10, and a glass transition tenperature of
20 Cto 120 C. EXAMPLE 1. [0038] TypBcal properties of pad sanples given in
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waf er nonumbofistingkirfice(tit \Glidhally[ e Odompieerbdves, piahhelnind®r patbrioist rat e of the
i nvention %’I!:ﬁtfdcﬁl*thtt@cﬁe I‘Rﬂa}a}’trﬁsp‘éﬂrofﬁéﬁ&;@coﬁposﬁi%s’ aofobdte RAfthe of A6 poI i shing pad

substrate ca usi n I tagbl e technique.
o exanpl SONPRERHL PRy ate e prponan s HEGHER AR R pol § Shi ng
pad thr ougwaft’??ée%ém@bleé?ﬂ%@id%‘gh Thia golisking red cadraprityo sumwere dffenican be nount ed
i nto the t gmopoyatiéras) fodExatrpi apombisdtiongf Ipgeckrédosesthnd sthdliepr@aobd 8 ldesagpes ur f ace) , or
can be nountgg, Pa%Ps 4g9h83. bﬁxfetg%d@%ntﬁe%hé)fonﬁ bRl gr%memoml& e.g., the

bpad Th g
habe) gt il o PR K Sl B s s RS & oot 00 an

continuous in connectlvxty Preferably, the polishing pad comprises at least small grooves

produced by standard pad conditioning methods.

[0043]  Polishing pads comprising the polishing pad substrate of the invention can
comprise, in addition to the polishing pad substrate, one or more other features or
components. For example, the polishing pad optionally can comprise regions of differing
density, hardness, porosity, and chemical compositions. The polishing pad optionally can
comprise solid particles including abrasive particles (e.g., metal oxide particles), polymer
particles, water-soluble particles, water-absorbent particles, hollow particles, and the like.
[0044]  Polishing pads comprising the polishing pad substrate of the invention are
particularly suited for use in conjunction with a chemical-mechanical polishing (CMP)
apparatus. Typically, the apparatus comprises a platen, which, when in use, is in motion
and has a velocity that results from orbital, linear, or circular motion, a polishing pad
comprising the polishing pad substrate of the invention in contact with the platen and
moving with the platen when in motion, and a carrier that holds a workpiece to be polished
by contacting and moving relative to the surface of the polishing pad. The polishing of the
workpiece takes place by placing the workpiece in contact with the polishing pad and then
moving the polishing pad relative to the workpiece, typically with a polishing composition
therebetween, so as to abrade at least a portion of the workpiece thereby polishing the



and so on. The polishing pad substrate can be positioned so as to be flush
with the polishing surface of the polishing pad, or can be recessed from

t he polishing surface of the polishing pad. The polishing pad can conprise
one or noregygahothe Rolishing pad substrates of the invention. The polishing
pad substrate(‘5 can be placed in any suitable positi RCTP2006/2019%0] i shi ng
pad relative to the center and/or periphery of the polishing pad. [0041] The
polishing pad into which the polishing pad substrate is placed can be nade
of any suitable pollshlng pad materigl, many of which are known in the art.
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gr ooves anc , 233. The
grooves cdftepungtipn ‘Pfﬁ’@‘e\‘ @rtwteéweam{@wg@foamw regRsAice APATfigul ar grooves, spiral
or circul arorigieooves, XY crosshatch pattern, and can be continuous or non-
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Pol i shi ng A € ‘i nvention can
conpri se, phexa'aeip=t “(ﬂ‘?h%hé)“gtﬂq‘écﬁﬁ(?F P%eﬁm@mbraﬁwg Wi e subped. Theeubgrd G3Bre ot her

features deanycoimdiebiad. Sifiable aipuipineludd fotyupthhiestbangubpald (gt | onal Iy can
conpri se rp@oNESoth s@b&fs@{o&nn&gergi@ brEtYon? AR Selt BUpARI hi¥ropatdeh chem cal
conposi t | Onlsyuret?;ane stpac'isScprlsﬂlgeré%laﬂgeﬂ%Re sugpags '1¥16 su%pad typically is softer than the

polishing pad comprising the polishing pad substrate of the invention and therefore is more

compressible and has a lower Shore hardness value than the polishing pad. For example,
the subpad can have a Shore A hardness of 35 to 50. In some embodiments, the subpad is
harder, is less compressible, and has a higher Shore hardness than the polishing pad. The
subpad optionally comprises grooves, channels, hollow sections, windows, apertures, and
the like. When the polishing pad of the invention is used in combination with a subpad,
typically there is an intermediate backing layer such as a polyethyleneterephthalate film,
coextensive with and between the polishing pad and the subpad.

[0047]  Polishing pads comprising the polishing pad substrates of the invention are
suitable for use in polishing many types of workpieces (e.g., substrates or wafers) and
workpiece materials. For example, the polishing pads can be used to polish workpieces
including memory storage devices, semiconductor substrates, and glass substrates. Suitable
workpieces for polishing with the polishing pads include memory or rigid disks, magnetic



conprise solid particles including abrasive particles (e.g., netal oxide
particles), polyner particles, water-soluble particles, water-absorbent
particles, hollow particles, and the like, [00441 Polishing pads conpri sing
t he polishigﬁbfad substrate of the invention are particularly suited for
use in conj PPNt h a cheni cal - mechani cal pol i shi NGcEe¥ithenBRpAr at us.
Typically, the apparatus conprises a platen, which, when in use, 1s in
notion and has a velocity that results fromorbital, linear, or circular
notion, a polishing pad conprising the polishing pad substrate of the
invention in contact with the platenland noving with the platen when in
not i on, andeads, (MENMS davickd) admitvatdtsor vafany fiepd exdeioch displeyspaldiotleed by cont acti ng

and nmovi ng nfiebddctrdfe Ju8stialRE ebibIRGRcBEiedhDRc RBtaRE bithrRAE insdiMagPO! | Shi ng of

the workpiece takes place b Faci ng, th tkpiece 1n,contact with the

pol i shi ng pRE® Sk Sﬁ'ﬁ‘@ﬁl‘o’ﬂ‘%ﬁl%ﬁg Pﬁéde’pagﬂolws 71%,\?8“’;5‘2&5_“?@ aé‘?/i%‘@etf]b t he wor kpi ece,
typi cal |y wpntainieg lpvsrs (88 eRppreropdun.itingsen, plnmpaperigheh ftaniyy, plaingy, abr ade at

| east a pomithedfamOfhoditv, ividinkpr ethe nbblemethly). pol i shi ng t he WD 2007/ 001699

PCT/ US2006/ 020193 14 wor kpi ece. The polishing conposition typically
conprises a liquid carrier (e.g., an aqueous carrier), a pH adjustor, and
optionally an abrasive. Depending on the type of workpiece being polished,
t he polishing conmposition optionally can further conprise oxidizing agents,
organi ¢ aci ds, conpl exing agents, pH buffers, surfactants, corrosion
inhibitors, anti-foam ng agents, and the |ike. The CWVP apparatus can be any
sui tabl e CWP apparatus, many of which are known in the art. The polishing
pad conprising the polishing pad substrate of the invention also can be
used with linear polishing tools. [00451 Desirably, the CMP appar at us
further conprises an in situ polishing endpoint detection system nany of
which are known in the art. Techniques for inspecting and nonitoring the
pol i shing process by analyzing light or other radiation reflected froma
surface of the workpiece are known in the art. Such nethods are descri bed,
for exanple, in U S. Patent 5,196,353, U S. Patent 5,433,651, U S Patent
5,609,511, U S. Patent 5,643,046, U.S. Patent 5,658,183, U S. Patent
5,730,642, U S. Patent 5,838,447, U S. Patent 5,872,633, U S. Patent
5,893,796, U. S. Patent 5,949,927, and U S. Patent 5,964, 643. Desirably, the
i nspection or nonitoring of the progress of the polishing process with
respect to a workpiece being polished enables the determ nation of the
polishing end-point, i.e., the determnation of when to term nate the
polishing process with respect to a particular workpiece. [00461 A
pol i shing pad conprising the polishing pad substrate of the invention can be
used al one or optionally can be used as one layer of a nulti-layer stacked
polishing pad. For exanple, the polishing pad can be used in conbination
wi th a subpad. The subpad can



be any suitabl e subpad. Suitable subpads include pol yurethane foam subpads
(e.g., PORON(c) foam subpads from Rogers Corporation), inpregnated felt
subpads, m croporous pol yurethane subpads, or sintered urethane subpads.
The subpad typically is softer than the polishing pad conprising the
pol i shing pad substrate of the inventilén and therefore is nore conpressible
and has a | ower Shore hardness value than the polishing pad. For exanpl e,

t he subpad can have a Shore A hardness of 35 to 50. In sonme enbodi nents, the
subpad is harder, is |less conpressible, and has a hi gher Shore hardness
than the polishing pad. The subpadcepivMsally conprises grooves, channels,
hol | ow secti ons, w ndows, apertures, and the |ike. Wen the polishing pad
of the invention is used in conbination with a subpad, typically there is
an internedi ate backichg@nicay@echatiehl gsishinp @hy eibdirhte Rem@risiap thadcatperous | m
coextensive wth and between the ol i shing pad and the subpad. [00471

Pol i shi ngPYumericoap: WRareiy af lrastg§hs %ﬂihﬁgorswfp e BY¢IPRLTAYS PRIy mBC fqamefﬁ@ ion are
sui tabl e ates or
waf er s) aﬁgged%%ﬁidp%dggwﬁa eri a"%@%ﬁé %llgeg@a%lrwe ea%g@lso 6ﬁ|p' %gtop%??:gn be
used to p@hj sthenen kipe epelymetiacfodni ROMPESDI yheahoplagie delyucdmnesand chaduct or
substrates, P%ﬁ | ass s bstrates.,éﬁltable wor kpi eces, for polishing with
the pol i sHFHE e Prhuret © fatd M avqr@aedma#egw&r WHERNathe rdes 25699901699

PCT/ U5200&] %@%lm%@ beafsoooMaE, devi ces, sem conductor wafers, field

emi ssi on di’spl d ot her -~ °m ¢r oel ect roni ¢ substr at es, especially
m cr oel ectroni ¢ substrates conpr|5|ng insulating layers (e.g., silicon

di oxi de, silicon nifyel deyisHa g%" be@tlrﬁftc?f‘ ElalRt £ WdkRln angd/ res”%ﬁ“athe

containing layers (e.g., cop tantal um tungsten, alum num nickel,

titani um mp;lnaiomusrpolymeuich@amumve rmhadéragy callr dizh nrthorange k€éabnol.E wetal s). 16
CLAIMS 1. A c%enlcal mechani cal polishing pad substrate conprising a
nlcropordﬁ? B meric foam wherein at |east 70% of the pores of the

m cropor ous polynerlc foam are closed-celled and have an average pore size
in the range o t 10 rei t he pol yneric foam
conpri ses ther pla |8OB%VW%ﬂ@Phé ta%nafﬁWam héWﬁBﬂPagf 6X56W9WP%thane
has a “eoﬂﬂﬁna%¢%QBQw§Eh@ﬁ#ﬁ@gaMQkﬂﬂ&cﬁ@tk@ﬁaﬁ&ﬂggs&QBQQQUt 20,000 g/ ol to
about 600, 000 g/nol. 2. The polishing pad substrate of claim1l1, wherein the

pores of the mcroporous polyneric foam have an average cell size in the

range of abouty 0. O5THY 4,81istRRP WadOsuBstrate TNEIRA! 115 hivRGeiRathes Whiglopalo8s of ¢l ai m
1, wherein the m croporous

polymeric foam has a pore volume of about 95% or less.

5. The polishing pad substrate of claim 1, wherein the microporous

polymeric foam has a pad density of at least about 0.5 g/em’.

6. The polishing pad substrate of claim 1, wherein the microporous

polymeric foam has a hardness in the range of about 75 Shore A to about 75 Shore D.

7. The polishing pad substrate of claim 1, wherein the pad has a ratio of %
compressibility to pad % rebound in the range of about 0.01 to about 1.0, measured at

about 5 psi by an Ames method.

8. The polishing pad substrate of claim 1, wherein the thermoplastic

polyurethane has a polydispersity index in the range of about 1 to about 10.



pol yneric foam has an average cell density of at |east about 105 cells/cn8B.
4. The polishing pad substrate of claim1, wherein the m croporous

pol ynmeric foam has a pore volunme of about 95%or |ess. 5. The polishing pad
substrate of claim1l1l, wherein the m croporous polyneric foam has a pad
density of at |east about 0.5 g/cnB. 67 The polishing pad substrate of claim
1, wherein the mcroporous polyneric foam has a hardness in the range of
about 75 Shore A to about 75 Shore D. 7. The polishing pad substrate of
claim1l1, wherein the pad has a ratio of % conpressibility to pad % rebound
in the range of aboyt O. 1o about 1.0, sured at .about i an Anes
nmet hod. 8. Theg‘pol iglFﬁ r?é)ﬂf)alag s‘i?gstﬂ%basgr%tgo?ﬁ%?aérinm?i,wa er et?% m%iggé?%%slr?'ﬁnpl astic
pol yur et hafiguleasn@haal yelt SIpRrisddxyin itidiaxgd ¢f dbbet 0. Rtvgaoaf 3@ tenlmindtesbout  10.
17 9. The polishing pad substrate of c%ai m 1, wherein the thernoplastic

pol yur et hatrfctemagragirgrpl gbopt Hi)°i(h@deda jagdohabquadiRd f about 0.1 to about 30
over ten mnutes at a tenperature of about 210 C. and a | oad of about 2160
g. 10. The polishing pad substrate of claim 1, wherein the thernoplastic

pol yur et hane h¥% a %h%m%lwlnmdl substratet ple clamgé, ofhesdiputhe 28epseplasyicabout
200, 000 psi 1. T i SR , tr [ i Dt he

t her nopl aéély%l%&‘f}% gaﬁsre fgf}%hﬁggﬂaﬂ{ %ggfnéé;?’?g?og)féégg?‘ﬁga‘i}%”é\ggﬁpﬁé E%’e range of
about 2 to about 10. 12. The polishing pad substrate of claim1l, wherein the
t her nopl astic ol yuyr et a itio eratyre | he range
of about 20 C. ]F'o at%eutp %ﬁ%ng %%dlégsigtghé{n%cﬁz -%&%ﬁ%a{hgpoeﬁgwaﬁ%c

appar at uspelgupthiasé hag.a rhéddpgypptatian iideatin thetratge o akdux 2ao peduit$bi ng pad
conprising the polishing pad substrate of claiml1, and (c) a carrier that
hol ds a wor kpi ece to be polished by contacting workpiece wth the rotating
polishing pad.12.  The polishing pad substrate of claim 1, wherein the thermoplastic

polyurethane has a glass transition temperature in the range of about 20° C. to about 120°
C.

13. A chemical-mechanical polishing apparatus comprising:
(a) a platen that rotates,
(b) a polishing pad comprising the polishing pad substrate of claim 1, and
(c) a carrier that holds a workpiece to be polished by contacting workpiece

with the rotating polishing pad.





