WO 2005/000527 PCT/US2004/017564 MULTI-LAYER POLISHING PAD
MATERIAL FOR CMP FIELD OF THE INVENTION [0001] This invention
pertains to an adhesive-free multi-layer polishing pad material for use in
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[0002] Chemical-mechanical polishing ("CMP") processes are used in the
manufacturing of microelectronic devices to form flat surfaces on
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layer polishing pad is disclosed, for example, in U.S. Patent 5,257,478.

[0004]  Inpolishing the surface of a workpiece, it is often advantageous to monitor the
polishing process in situ. One method of monitoring the polishing process in sifu involves
the use of a polishing pad having a “window” that provides a portal through which light can
pass to allow the inspection of the workpiece surface during the polishing process. Such
polishing pads having windows are known in the art and have been used to polish
workpieces, such as semiconductor devices. For example, U.S. Patent 5,893,796 discloses



polishing pads having windows are known in the art and have been used
%Qgggnjyvgkpleces such as semiconductor devices. For exa

Patent 5,893,796 discloses WO 2005/000527 PCT/||32004/’6?LT/£é%P°é’“”564
removing a portion of a polishing pad to provide an aperture and placing a
transparent polyurethane or quartz plug in the aperture to provide a
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% %]B go?s‘ﬂmg layer and botiom layer are substantially coextensive and are joined together
without the use of an adhesive. The disclosures herein also provide a polishing pad comprising a
multi-laver optically transmissive region comprising two or more layers that are substantially
coextensive and are joined together without the use of an adhesive.
[0008] The disciosures herein further provide a chemsical-mechanical polishing apparatus
and method of polishing a workpiece. According to a second aspect, there is provided a CMP
apparatus comprising (a) a platen that rotates, (b) a polishing pad as described above affixed 1o the
rotating platen, and (¢) a carrier that holds a workpiece to be polished



multi-layer optically transmissive region comprising two or more layers
THatUrdWihstantially coextensive and are joined together without thedserss
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BRIEF DESCRIPTION OF Tf" DP AkVI4GS 100101 FIG. | depicts a
cross-sectional side view of a prior art multi-layer polishing pad
comprising a polishing layer and a hgttom layer that are joined together
with an adhesive layer. [00111 FIG. 2 depicts a cross-sectional side view
of a multi-layer polishing pad of the invention comprising, a polishing
layer and a bottom layer that are joined together without the use of an
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Pridtine r,and a bottom layer, wherein the middle layer is optically
transmissive and. portions of the polishing layer and bottom layer have
been removed so as to reveal an optical detection port. [00151 FIG. 6
depicts a cross-sectional side view of a polishing pad comprising a multi-
layer optically transmissive window portion, wherein the layers of the
window portion are joined together without the use of an adhesive, and
the window portion is welded into the polishing pad. WO 2005/000527
PCT/US2004/017564 4 [0016) FIG. 7 is a plot of CO2 concentration
(mg/g) versus time (hours) for CO2 saturation of a solid polyurethane
sheet. [0017) FIG. 8 is a plot of CO2 concentration (mg/g) versus time
(min) for COZ desorption of a solid polyurethane sheet. [0018) FIG. 9 is a
SEM image of a multi-layer polishing pad produced by foaming at 93C
after 20 minutes of CO2 desorption (Sample A). [0019) FIG. 10 is a SEM
image of a multi-layer polishing pad produced by foaming at 93C after
120 minutes of CO2 desorption (Sample B). DETAILED DESCRIPTION
OF THE INVENTION [0020) The invention is directed to a polishing pad
comprising a multi-layer polishing pad material, wherein the polishing pad
material comprises two or more layers that are



joined together without the use of an adhesive. Optionally, the polishing
pad material comprises three or more (e.g., four or more, six or more
layers, or even eight or more) layers that are joined together without an
wadliesieesin a first embodiment, the multi-layer polishing pag-rgdariakisss
used as a multi-layer polishing pad. In a second embodiment, the
multi-layer polishing pad material i€'used as an optically transmissive
region within a polishing pad. [0021) The layers of the polishing pad
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temperature, melt temperature, viscosity, or transparency. In other applications, it may be

desirable for the polishing pad layers to have similar physical properties but different
chemical properties (e.g., different chemical compositions). Of course, the polishing pad
layers can have different chemical properties as well as different physical properties.
Preferably, the layers of the polishing pad material will have af least one different chemical
or physical property.

[0623] Desirably, each layer of the polishing pad material comprises a polymer resin.
The polymer resin can be any suitable polymer resin. Typically, the polymer resin is
selected from the group consisting of thermoplastic elastomers, thermoset polymers,



second layer may comprise a polymer resin selected from the group
consisting of polycarbonates, nylons, polyolefins, polyvinylalcohols,
polyacrylates, and mixtures thereof. One preferred polishing pad material
woampniseaa thermoplastic polyurethane layer in combinati@mawifv@aiayeds
comprising a polymer resin selected from cross-linked polyacrylamides or
polyvinyl alcohols (e.g., cross-linkéd or non-cross-linked): Another
preferred polishing pad material comprises a polycarbonate layer in
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0.5 g/cm or higher, or 0.7 g/em’ or higher) or even 0.9 g/em’ (e.g., 1 1 g/cm or up to 99%
of the theoretical density of the material). For some applications, it may be desirable for
one layer of the polishing pad material (e.g., a polishing layer) to be hard, dense, and/or
have low porosity while the other layer(s) is soft, highly porous, and/or has low density.
[0027]  The layers of the polishing pad material can have any suitable transparency (i.e.,
transmissivity to light). For example, one layer can be substantially transparent, while the



will depend at least in part on (a) the type of polymer resin selected, (b)
the concentration and size of pores, and (c) the concentration and size of
any embedded particles. Preferably, the optical transmittance (i.e., the
wiotabsmogant of light transmitted through the pad material) #¢afiieast/d0%:
(e.g., 20%, or 30%) at at least one wavelength of light between 200 urn
and 10,000 our (e.g., between 208 nm and 1000 nm). [0028) When the
multi-layer polishing pad material is optically transmissive, the material
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{O(E}ﬁ dul Y8 H{]eaﬁrgp eemlgg I(I)n@n{,a%g ';htll__lgflayer polishing pad material is used as a mulli-
layer polishing pad. A typical prior art multi-layer polishing pad (10) is depicted in FIG. 1,
where a polishing layer {12) is adhered to a bottom Jayer (14) by way of an adhesive (16)
therebetween, Contrastingly, the multi-layer polishing pad of the first embodiment
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comprises a first layer (e.g., a polishing layer) and a second layer (¢.g., a bottom layer) that
joined together without an adhesive, as depicted in, for example, FIGS. 2-6. In particular,
FIG. 2 depicts a polishing pad (10} comprising a polishing layer (12) and a bottom layer
(14). The polishing layer and the bottom layer can comyprise the same polymer resin (e.g.,



example, the polishing layer can be solid or can have very low porosity
while the bottom layer is highly porous (e.g., a foamed polymer). [0031]
When the multi-layer polishing pad of the first embodiment is used in
woanjsnetien with an in situ endpoint detection system, it maxCheishesivedriess
for at least one layer of the multi- Igyer polishing pad to have a
transmittance to light (e.g., laser light) of 10% or more (e.g., 20% or more,
or 30% or more) at at least one wavelength between 200 urn and 10,000
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microporous polyurethane, a m:ddle layer comprising a solid polyurethane, and a bottom
layer comprising a soft porous polyurethane. Aliernatively, the polishing layer can
comprse a hydrophilic polymer while the middle layer and bottom layer comprise a
hydrophobic polymer and a hydrophilic polymer, respectively.
[0633] In other applications, it may be desirable for the polishing layer and bottom layer
{0 have the same chemical and physical properties, while the middle layer has af least one



8 different property. For example, the middle layer can have a low
compressibility while the polishing layer and bottom layer have a higher
compressibility. Alternatively, the middle layer can be substantially
wranspanset while the polishing layer and bottom layer are BUDStERat6L7564
opaque. Such a polishing pad (10}; can be used with an in situ endpoint
detection system by removing a portion of the polishing layer (12) and a
portion of the bottom layer (141‘? to produce an aperture (20) in the
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abrasive particles can be inorganic particles or organic particles, including metal oxide
particles, polymer particles, diamond particles, silicon carbide particles, and the like. The
water-soluble particles can be any suitable chemical-mechanical polishing agents such as
oxidizers, complexing agents, acids, bases, dispersants, surfactants, and the like. The water-
absorbent particles can be suitable water-absorbent polymer particles.



absorbent particles can be suitable water-absorbent polymer particles.
WO 2005/000527 PCTIUS2004/017564 9 [0037] In a second
embodiment, the multi-layer polishing pad material is at least partially
wiransparsnt to the passage of light and is used as an opticaltyr/us2004/017564
transmissive region (e.g., a polishing pad "window") in an otherwise
opaque polishing pad. Such a pollghlng pad is depicted in FIG. 6, wherein
the optically transmissive region (32) comprises a first transmissive layer
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embodiment can have any suitable dimensions (i.e., length, width, and thickness) and any

suitable shape (e.g., can be round, oval, square, rectangular, trianguiar, and so on).
Typically, the layers have substantially the same length and width (e.g., diameter)} such that
they are fully coextensive with one another. The optically transmissive polishing pad
material can be positioned within a polishing pad so as to be flush (i.e., coplanar) with the
polishing surface of the polishing pad or recessed from the polishing surface of the



Typically, the layers have substantially the same length and width (e.g.,
diameter) such that they are fully coextensive with one another. The
optically transmissive polishing pad material can be positioned within a
woalistingspad so as to be flush (i.e., coplanar) with the polisting susfacse4
of the polishing pad or recessed from the polishing surface of the WO
2005/000527 PCT/US20041017564 10 polishing pad. When the optically
transmissive polishing pad material is flush with the polishing surface of
polishingilis hieep d, ot dils transmsiisspoliskiye pod inetsnistituflusd potiba of
polithiageolishingl shrfatiehbistiel b shingepacs{Be40/F Wi apiitallya portion of
the MW@mmalgyﬁghg@lﬁaing pad material of the second embodiment
004" naye g @M&ﬁ@%@ﬁﬁ&l@;@ ;Et}ﬁsﬁ?ﬁ%‘i!}%ﬁa%h}’@mgg&sﬁ@'ng at
embmi:l 2 I twgenathe tléa%k(qu %sst a%cp ﬁ'))e% {rﬂg:\g ad | tORW ICh ? eas{ng
ferlafls plg\ an ¥ 2'

afnou nt.o FECGSS |re tween

in Pfeﬁfé”eéb dhiTess st tha s Eﬂﬁfga oo FrLel g Belistive pl W@ﬂ%ﬁﬁ C&of

and fhe ysstigtipfggsas . tey pidatNedhevisachnyensnBasietbe nﬁ%ﬁmayéﬁi

mateyidisinihipepeadisinageniehvei i fribe/polistota pdic Rivess (i .ghefrptivatie top

tranSkiftsice phthafisidisnispissiverdayewioihe badtarmisuitacd ef thenskeand

surfHANIMISNELAUEEL AL AIS S IEQ SN HRPLE:(6r the RRIRUQFaHIRNEsIRyER O

e Tl B R e
&m or mgtg %@% 1t10ne w1t a Cﬁ’ i Sﬂ g%g sgaa{

1
m or more, eVerr3 refars ly, the

ha%ﬁd&im%%% R penpRPIe (et &&?Qmonbaw% S aﬁﬁm@rgfm
Prefiridinabs wtissl prasrissivrenigzysaphditeneta)dena wilibting pad

thickansingf asthick e ssrofe1230(pnm er marg fe.gpaishifgnral bavigrejhidhess
of IHHEKRESSKYrY G dayet phibenepéicalie iRRseRisTIR Mdi-tayes pabshyng
ranBRELRRIGHALER0 Pailhe %@@i‘f&mm%&@wd;ﬁaeﬂfs @ﬂ@%e
firs %Qtﬁac! )ﬁﬁtran m }1\5% sz%lésti'v I %Hé’ |s n‘i%}gad mdalterlal has a ness

'i Feaf’ or more (I(}?{ o OI‘ mo 0 or mor(é‘)l %
thatysiah RN A BIERES- Bpfika W&F’E’sﬂ‘fu%%@frﬂlﬂ‘i?)lﬁ Q’P (ansHS fssg&f °
optigaliydirarrS ity ity sadisinayad @ﬁﬁf@loéﬂewwaﬁé?ﬁ@éww of the
optimilititayerpolishing-load polsenalpadivatyehtypicathibkne Ssdhesishat ifehst
leas] D9% 0 M6 Q. RO2nmBENR B bR Ps N et iikedetaltttickness of
optiaBy ARHG L‘é&'@?z%i@lﬁ%\f%éﬁé%é%%ﬁ%hmg pad material. [00411 The
{eePﬂ“Sh i gei@g 5 é%feo%% ﬂm&a y%@%ﬂﬂd%& patishin ataad

alefalo emb %% placed can comprisg any sutaple
matg 1813/ éeré%c%ané? gﬁl IEPHE Pt sch Brsad/pieany g Pﬁ‘br iSe5 s
mﬁ@w@rﬂ%ﬁ%@f%f@w ?W@rgﬁaaﬁowguﬁﬁ}gsaﬁff?&mr S foup
consiigisped drenthglastio slastinge fheravrdastis prienribples lecrpollatétins,
polpotyearbeipaitenpelypihtalgabolsnyions, elasiomeriatbdbelstomeric
polfRiAsiomE s Roethylene SeaRRIMBSIR erenfs aoldipixpiesshrreof. The
rogﬁéa%ggngagz&gﬂ R&: qeaoga%@ggm% Wisahie Taeaed Bt

extx:?xlsq})gnan tllej ?ﬁtloﬁlhrygo ISﬂglg pgg\c’:anr;lge 50 gd and non-porous, can contain

microporous closed cells, can contain open cells, or can contain a fibrous web onto which a
polymer has been molded. The polishing pad typically is opaque or only partially
translucent.

[0042] A polishing pad comprising an optically transmissive multi-layer polishing pad
material of the second embodiment has a polishing surface which optionally further
comprises grooves, channels, and/or perforations which facilitate the lateral transport of



extrusion, and the like. The polishing pad can be solid and non-porous,
can contain microporous closed cells, can contain open cells, or can
contain a fibrous web onto which a polymer has been molded. The
wookshigspad typically is opaque or only partially translucestTjOSza)/d 7564
polishing pad comprising an optically transmissive multi-layer polishing
pad material of the second embodiment has a polishing surface which
optionally further comprises grooves, channels, and/or perforations which
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[0045] Desirably, the CMP apparatus further comprises an in sifu polishing endpoint
detection system, many of which are known in the art. Techniques for inspecting and

monitoring the polishing process by analyzing light or other radiation reflected from a

surface of the workpiece are known in the art. Such methods are described, for example, 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,



organic acids, complexing agents, pH buffers, surfactants, corrosion
inhibitors, anti-foaming agents, and the like. The CMP apparatus can be
any suitable CMP apparatus, many of which are known in the art. The
WHosRgBad of the invention also can be used with linear RSGHERIAG OGS4
[0045] Desirably, the CMP apparajys further comprises an in situ polishing
. endpoint detection system, many of which are known in the art.
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[0049] One suitable method of producing a multi-layer polishing pad material
comprises the steps of (i) placing a polymer sheet under elevated pressure in the presence of



or more extruder dies. Multi-layer polymer sheets formed by coextrusion
can have any suitable number of layers depending upon the desired
application. [0048] Another suitable method involves subjecting one or
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partially desorb the supercritical gas, and (iii) foaming the partially desorbed polymer sheet
by subjecting the sheet to a temperature above the T, of the polymer sheet. Steps (i) and
(iif) can be carried out under the conditions described above. The portion of the polymer
sheet that has desorbed the supercritical gas will have a lower porosity compared {o the
remaining portion that retained the supercritical gas. In some embodiments, the polymer
sheet desirably is saturated with the supercritical gas during step (i). Typically, the polymer



retard diffusion of the supercritical gas into the polymer sheet.
Alternatively, supercritical gas absorption can be limited or prevented
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sheet to a temperature that is above the T, of at least one layer of the polymer sheet, and (iii)
foaming the polymer sheet. When the layers of the polishing pad have different thermal
properties, the degree of foé.ming in each layer will be different. Accordingly, each layer of
the polishing pad can attain a different porosity despite being foamed using the same
foaming conditions. The foaming process and conditions can be any of those discussed



(i) foaming the polymer sheet. The second temperature can be below the
Tg of the polymer sheet thereby substantially preventing foaming of that
face of the polymer sheet, or the second temperature can be above the
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EXAMPLE

[6057}  This example illustrates a method of producing a multi-layer polishing pad of the

up er a

invention comprising a porous layer bound to a non-porous layer without the use of an
adhesive.

{0058] Solid thermoplastic polyurethane sheets (Samples A and B) having an average
thickness of 1500 pm were saturated with CO, (approximately 50 mg/g thermoplastic
polyurethane sample) at room temperature and 5 MPa pressure. A plot of the CO;, uptake as



adhesive layer. In particular, two-layer polishing pads comprising a solid
layer and a porous layer, as well as, three-layer polishing pads having a
solid middle layer and a porous upper and lower layer, or conversely a
wWaenessomkddle layer with a solid upper and lower layer, caRtEUsSPOMIDIS B4
[0055] It is desirable when product'ir%g a multi-layer polishing pad material
of the invention to minimize the structural boundary between the layers.
In coextruded multi-layer polishing pads, there exists a structural’
a fipeligrafrinretssbermtine firs tlales GRdssespd ypiesthanibiiatiiedop palde
at rpegi cnnpbpolel ovesidpibgtweser the2layensicklowdvematkies, techniques
respBaivankRssevfia Sheleday eepalinar sheebinalisieeosiival yraedified
occ?f}e@fn?& IS)BQQ%%@_E%%JQ have.R eI %f%’ﬁeﬁ?ééﬁ&ﬁ@l ReREY Itfﬁ’é ﬁﬁé\lﬂ&ﬂh i3
e fgaming techniques, discus 0 rise a
coq i TAH B3 EinATNESs SRR IO LR an e
POlRERIESRS TP PRI AT T LILCRACR il BRI A fodmed
at 935hsiSteh&yagonsP A famiGhY axdhistehornér G 8¢ #f% invention
respngtivolycdiarsple ghbnild tatsl ayeragsribicknsesag 13Wyoveay dmitingpitss Soope.
solid X&ighpaf0akef |l dist exammpleithsindithtng pad thwd. Gfapiald Bchiagjagotal
aveptinRYRL DBl shI0 QAR dMEIIIORCEIND SIREIR: PAIaMRAaxYEk hosind
;.!mt O%QQ&-Qgﬁggﬁa!@ya%‘ywthout the use of an adhesive. [005_8] Solid
( agg?cfmom%%'cg%&%@%@&%@%@ CRTRES AT Iadna Anavelaqe
hickness of‘ 58 m were saturated wit E?Baf?gpprommgfe g
thednarrisprShes Jewes s s S AP RST & Yol lemperature and 5 MPa
pressure. A plot of the CO2 uptake as WO 2005/000527
PCT/US2004/017564 16 a function of time is shown in FIG. 7. The
CO2-saturated samples A and B were then held at room temperature and
atmospheric pressure for 20 minutes and 120 minutes, respectively,
during which time partial desorption of the CO2 from the polymer sheet
occurred. A plot of the CO2loss as a function of time is shown in FIG. 8.
The amount of CO2 loss form the samples was 4.5 mg/g (9%) and 13.5
mg/g (27%) thermoplastic polyurethane sample, respectively. After partial
desorption, samples A and B were foamed at 93C. SEM images of
foamed samples A and B are shown in FIGS. 9 and 10, respectively.
Sample A has a total average thickness of 1500 gm and comprises a 50
gm solid polishing pad layer and a 1450 pm porous polishing pad layer.
Sample B has a total average thickness of 1500 gm and comprises a 200
gm solid polishing pad layer and a 1300 gm porous polishing pad layer.
[00591 This example demonstrates a method for preparing a multi-layer
polishing pad of



the invention without requiring the use of an adhesive layer. WO
2005/000527 PCT/US2004/017564 17 CLAIMS 1. A multi-layer polishing
pad for chemical-mechanical polishing comprising a polishing layer and a

wbatiemokager, wherein the bottom layer is substantially coexternsismosiihses
the polishing layer, and wherein the polishing layer and the bottom layer
are joined together without the usE of an adhesive. 2. The polishing pad
of claim 1, wherein the polishing layer and the bottom layer have at least
one different property. 3. The polisivg pad of claim 2, wherein the
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wnﬁfﬁ{é AL Xa}g ey &%W!%Q%&i%ﬂi 4993{5 %eﬁ&o%%gﬁer%?r}& ol

: Elﬁﬁ qziltutr el te }e rature viscosity; and combinations thereof.
EThe o i ing paooo alm'§ ‘wherein the polishing layer is porous and the

bon%m |a9@f: @WA%B?S%C‘B‘I“FMNBW%%P&HW&W&B {hr&rETthe
laygsdtishizidersyend Sifforgpbptpstivnd the bottom layer is porous. 6. The

polidhing phepofigiaipgpa) sfikie R, kool gt diflayerpeermy isaslecfiisiom
the RRIMPWRhIREH), NEhRRROTRRNAYRLEHMBHTREASRIORL BgiasIesin. 7.
moahssﬂmiﬁm%ﬂédugﬁggm9,cwé?ﬁ@mﬁsdeﬁhﬁh IRGIBYET CAMRIIRES a

trar) c';nmt%%lasn olyur hser}gt@x@dvifs*é%sﬁ?t il '%Xﬁ’ Com%sesfa polymer
feSln se gcte Pom group’consjsting o car ona es, nylons

polyolefind® %BW%W%%%‘FE%%|V§8F%’E‘é%%‘b‘1’§z‘f&?&¥ﬁ56%88’iﬁ‘§ﬁéﬂ%th“'

botisun etk iePRierEpthalate, polyimides, polyaramides, polyarylenes,

polyacryldtes pplofyisepehessipol ymeitnimbthpoisiate kyeopelypeers and
thethet@niapnrdspixdes thereof. 8. The polishing pad of claim 1, wherein the
polighing iaystoissubshariiaivniransaieMe Polhmpaishinehpad of glaim
poimqggﬁ'Qnmeﬁ)%leémgyms&ggm'Ee%&aqm 1R, L0. The polishing
pa of cl a,ﬁge o E%rem ott wﬁ%er I e ntl%iérgggs arent 11.
The pollshlngpp POAIM eréin th p%?lsﬁﬁlné erc prlses an
theepRangHe pp w%ﬁwﬁmﬁmaﬁﬂnwﬂﬁé@w% Beslrgfhierand
themqgmmhm@mgbﬁﬁgbig@twmnﬁepq@g}#‘ms polyvinylalcohols,
polyacrylates, polytetrafiuoroethylene, polyethyleneterephthalate, polyimides,

polyaramides, polyarylenes, polyacrylates, polystyrenes, polymethylmethacrylates,
copolymers thereof, and mixtures thereof.

8. The polishing pad of claim 1, wherein the polishing layer is substantially
transparent.

9. The polishing pad of claim 8, wherein the polishing layer comprises an
aperture.

10.  The polishing pad of claim 1, wherein the bottom layer is substantially
transparent.

11.  The polishing pad of claim 10, wherein the polishing layer comprises an
aperture.

12.  The polishing pad of claim 1, wherein the polishing layer and the bottom
layer comprise a polymer resin.

13.  The polishing pad of claim 12, wherein the polymer resin is selected from
the group consisting of thermoplastic elastomers, thermnoset polymers, polyurethanes,
polyolefins, polycarbonates, polyvinylalcohols, nylons, elastomeric rubbers, elastomeric
polyethylenes, polytetrafluoroethylene, polyethyleneterephthalate, polyimides,



13. The polishing pad of claim 12, wherein the polymer resin is selected
from the group consisting of thermoplastic elastomers, thermoset
polymers, polyurethanes, polyolefins, polycarbonates, polyvinylalcohols,
WAL 8A5tomeric rubbers, elastomeric polyethylenes, PCT/US2004/017564
polytetrafluoroethylene, polyethylepeterephthalate, polyimides, WO
2005/000527 PCT/US20041017564 18 polyaramides, polyarylenes,
polyacrylates polystyrenes, polymethyhnethacrylates, copo%?ers

POLYRRSFBIGFS R RI AAEHIFS S OREFETR It AR OF R FBRSHRAL PP R B Swherein
coptlenssiyhnee fesid iidumetieisplastic polyurethane. 15. The polishing pad
of claim 1Tkambiéshowpptisinkiont ovimere thiigdlprlayesn dispesedplastic
poijagbiesd) the polishing layer and the bottom layer, wherein the middle layer
or @/ersfﬁ{@p%mﬁmﬁlMm%@@ﬁ&@rw&hﬁhﬁmmﬂamﬁmmgy&s
dls;%sgkgmet@e/% Qns\mhgleé@ rif BRRAIA | %&m&%ﬁﬁmm R and

aX are ther % ut th e#%? txgder}eg 16.
lay SR & %‘1 E’é ‘Fn“f[l & PSS HRS BeRE ARG S R B 5 e mprise
Wh%‘%FBﬂ}@IFé’Vé‘S éﬁxﬁo%@bé%@ﬁlfﬁ@wﬁf &959‘@r1ﬁ’ﬁﬂaﬂﬁé°8l‘f’ﬁé‘?ﬁe
withqui heaugsolfshinedpestvof claim 15, wherein at least one of the polishing

layers. middiepaisingmlayaidaant], bottem taypslhbsgpdifferaniopeoperiye a
midie EHe mefishing:-padohelimnlg wherintbedifampproperty is
selggted m&ﬁ&a@m Gpéﬂé‘iiﬁtl%g»&fe?éﬁda@‘?é%t DR OSIRY poRmREERS Rty

mi e'?a'e%rar%%“'“a”&%m rl%%a%%ré‘a?ﬁ’e?é}{ \;E‘f(é)h glogy, creep, glass
transition te pérature temperatu 0S and Combln tions

therbof, 187H¥! ﬁ%ﬁ’f‘r‘hj’ Cé% LaTATER %@F‘éﬁmﬁw&%ﬁ?ﬁa tér and
frop thpyeuprorsyding £f eratrs aptpie %M@%M@Wé@%ﬁaﬂ“
changerlporoprsi e, THaelgnlistvirrg Pad ofrsitim itBpwheraindt toastrones.of the
vispeiishing lay@imanehsthebditom layer is optically transmissive. 21. The

polighing ﬁﬁ@ﬂx‘é‘fﬂ@p&@ yangEein theomisldie jBysliss RRECallne bottom
1ay£rra£§%%§1'§’%1§'ﬂ% H?ﬁ({?é’ IShing daver a@QQGH%%?&HS'ayer are SUbSta“t'a”y

opa &) IS mgtp?d 0 glam 21, heri':elnt 0I| lla d

n?[kilses a fﬁi‘ ’bre andthé Bottom ay %ars c%nr%o rise Oafsslé%) T an

the&ﬁ@?fﬂr’éy?iﬁﬂ%f?@} i ¥Yaperture is aligned with the second
ape?iure. ZBe Filistpedinrdred gheich 8f cidisrenShovmatdiarrs Belsky layer,
tramaiaielrdaiyie tarpddiviing, layed dhibboattarialayar cassprisdinopalymer resin. 24.
Theopolishing RaEehelglainr2Ruwhereirithe thopinailieritissaperted fiem
apdRG-OIRH BECRORTINLLARGHNRRISG FARSIAMELR: INRIMPRRIPAYIBR is
ahg'xo l&’ %}glaens%cénd aperture.

23.  The polishing pad of claim 15, wherein the polishing layer, middle layer or
layers, and the bottom layer comprise a polymer resin.

24.  The polishing pad of claim 23, wherein the polymer resin is selected from
the group consisting of thermoplastic elastomers, thermoset polymers, polyurethanes,
polyolefins, polycarbonates, polyvinylalecohols, nylons, elastomeric rubbers, elastomeric
polyethylenes, polytetrafluoroethylene, polyethyleneterephthalate, polyimides,
polyaramides, polyarylenes, polyacrylates, polystyrenes, polymethylmethacrylates,
copolymers thereod, and mixtures thereof.

25.  The polishing pad of claim 24, wherein the polymer resin is a thermoplastic
polyurethane.



polyolefms, polycarbonates, polyvinylalcohols, nylons, elastomeric
rubbers, elastomeric polyethylenes, polytetrafluoroethylene,
polyethyleneterephthalate, polyimides, polyaramides, polyarylenes,
wpehsaniates, polystyrenes, polymethyhnethacrylates, copatyroeseod/o17564
thereof, and mixtures thereof. 25. The polishing pad of claim 24, wherein
the polymer resin is a thermoplastiE9 polyurethane. WO 2005/000527
PCT/US2004/017564 19 26. A chemical-mechanical polishing apparatus
coniisrising: ctainicglatehahiedt! rpladasg fppihsysolistpiignpad of claim 1
affixgyl to thaaesatingqalaien, and (c) a carrier that holds a workpiece to be

polighed bm&mmmaafm@apﬂgff&e&%@mg Iraa@ing&a&&eand
Chegﬂca' @?d?n heﬁgih'”a@ega&%&{sﬁ' %@&i 'iaer%@@f's'“g

ity endpoint detection system. 28 Ame odo mga
polis
Woﬁg’ece comprlsmg 0) prowdlng the polishing pad of cIalm 1, (i)
conticting A& FBFRBratESRArIaIEPS ﬁ?ﬂﬁ@’?ﬁ@“&ﬁ&hﬁi‘%\ﬂﬁﬁ‘%e

compiisingh padizraiadnadntdaiseligorkiiiete to abrade the workpiece and
thergby polisietnel wipdpisee s 20ridvictermoptisingchanical polishing
apparatus(gomppsigng @-dalseR faabretates;, (b) the polishing pad of
claim 15 {;)xed Lo the:n t@%gqg@ge‘g,tﬁgg S8 Bifapgr et holds a

Workplec be 1%8|I8h X}CRmaC;E(ﬂ%ﬂhe rot;[gtln &(})Jlshln%oacg tﬁo The
chemlcal chanlcall1 0| mg a aratus of clalm ars: comprising

WOLPIFPR AT éﬂ‘ﬁﬁl@’ﬁf’ﬁﬂig&%‘?f &t&m. 31. A method of polishing a

workBiece/t PRIy ey pea\nality aeepeREHTgpRIdF 8L claim 15, (ii)
contacting(@ workpigee thiitkrtitespolishing pad, and (iii) moving the
polishing ey relatiyeitaihe wiorkgieea faibrane fierownikpieen, and
thereby pqlish theqwatkpiaagiB% Horagthodob pradkiaing analishing: pad

of claimt.CRmRH Bgdcoextrudlng two or more layers of polymer resin.

33 d qf uci “ZQ ad of clal 1 cQ sing the steps
of (|)7' placﬁl% 6;.11 pgfﬁ%'él?egﬁam ﬁlﬁo ere \Péiafa s%ﬁlrrg #r?’t eibrgesence of

CO‘E%‘{?H&’EH{T&:‘&P@*H@HB’F%MGGHOH system.
31. A method of polishing a workpiece comprising

Q) providing the polishing pad of claim 15,

{il)  contacting a workpiece with the polishing pad, and

(iii)y  moving the polishing pad relative to the workpiece {0 abrade the
workpiece and thereby polish the workpiece,

32. A method of producing a polishing pad of claim 1 comprising coextruding
two or more layers of polymer resin,

33. A method of producing a polishing pad of claim ! comprising the steps of (i)
placing a polymer sheet under elevated pressure in the presence of a supercritical gas fora
predetermined period of time and (i) foaming the partiaily desorbed polymer sheet by
subjecting the sheet to a temperature above the glass fransition temperature of the polymer
sheet.

34, The method of claim 33, further comprising the step of allowing the polymer
sheet to partially desorb the supercritical gas following step (i).

35, A method of producing a polishing pad of claim 1 comprising the steps of (i)
placing a polymer sheet having a first face and a second face under elevated pressure in the
presence of a supercritical gas for a predetermined period of time, (i) subjecting the first
face of the polymer sheet to a first temperature that is above the glass transition temperature



predetermined period of time and (ii) foaming the partially desorbed

polymer sheet by subjecting the sheet to a temperature above the glass

. transition temperature of the polymer sheet. 34. The method of claim 33,
waamwmmnpnsmg the step of allowing the polymer sheet {Q-RAIEAIY 417564

desorb the supercritical gas following step (i). 35. A method of producing a

polishing pad of claim 1 comprising’the steps of (i) placing a polymer

sheet having a first face and a second face under elevated pressure in the
of thiresbimee dfeatsiipertiitital gasdosma predsterpNes Rerod of ot iure
thaissbjgeting:thefissipdaeaoiih anobimer, Shest| fgﬁate{emperature that is

aboxe theaglass, Q 05

Dot P e ) metome i ems oy

platgr%y Mégqu%/%ﬁ_ﬁ@l sl%eet COMpPIl mgé rglf'fﬁ‘ 80%%?% rﬁ.@ 28 resing

under e?evate? 1@351}; er sheet to a tem

temperature, and |%%3%Wfﬁ€%ﬁ%a§ﬁ§@fwf@ﬁm@@mmd of
tmes S S T %&%ﬂ%iﬁ‘%lﬁ’ﬂlﬂm@e&mﬁmam@ teps Db tiplating a
TangitE- Rty nidhshedpnoomprising dayens oniaining sdifferantae) yaaer
(i) resinmguheipriglevabect. pressure in the presence of a supercritical gas for a
predetermined period of time, (ii) subjecting the multi-layer polymer sheet
to a temperature that is above the glass transition temperature of the
polymer resin of at least one layer of the polymer sheet, and (iii) foaming

the polymer sheet.



