WO 2006/ 115924 PCT/ US2006/ 014674 1 MULTI - LAYER POLI SHI NG PAD MATERI AL FOR
CVP FIELD OF THE I NVENTI ON [ 0001] This invention pertains to nmulti-I|ayer
polishing pad materials for use in chem cal -mechani cal polishing.
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P introduced between the rotating wafer and the rotating polishing pad during the polishing

process. The polishing composition typically contains a chemical that interacts with or

dissolves portions of the uppermost wafer layer(s) and an abrasive material that physically

Temoves portioné 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. CMP polishing pads often comprise two or more layers, for example a
polishing layer and a bottom (e.g., subpad) layer, which are joined together through the use
of an adhesive, such as a hot-melt adhesive or a pressure-sensitive adhesive. Such a multi-
layer polisbjng pad is disclosed, for example, in U.S. Patent 5,257,478.

[0004] In polishing the surface of a workpiece, 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 a “window” that provides a portal through which light can
pass to allow the inspection of the workpiece surface during the polishing process. Such



the use of a polishing pad having a "w ndow' that provides a portal through
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rovi des tr-1layer polishin ad for use .in chen cal -
P [0006] ThusY theree'emains a neged or effective multi-layer po isﬁ?ng pads and polishing

pads comprising translucent regions (e.g., windows) that can be produced using efficient

and inexpensive methods without relying on the use of an adhesive. The invention provides
such polishing pads, as well as methods of their use. These and other advantages of the
present invention, as well as additional inventive features, will be apparent from the description
of the invention provided herein.

BRIEF SUMMARY OF THE INVENTION
[0007]  The invention provides a multi-layer polishing pad for use in chemical-
mechanical polishing. The polishing pad comprises a porous polishing layer and a porous
bottom layer, wherein the polishing layer and bottom layer are substantially coextensive and
are joined together without the use of an adhesive. The polishing layer has an average
surface roughness, Ra, that is greater than the average surface roughness of the bottom
layer. The invention also provides a polishing pad comprising a multi-layer optically



mechani cal polishing. The polishing pad conprises a porous polishing |ayer
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depicts a cross-sectional side view of a nulti-layer polishing pad of the

i nvention conprising a polishing |ayer and a bottom | ayer that are joined
together without the u DE%BB’H%@N@@TWWG@ 3 depicts a

cross-sect[o@op! $IGla dépiew aRiosasdttibal sided)&W ofdriod hrt AEItPRYer @blishing pad
comprising a polishing layer and a bottom layer that are joined together with an adhesive
layer.
[0011]  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 adhesive.
[0012]  FIG. 3 depicts a cross-sectional side view of a multi-layer polishing pad of the
invention comprising a polishing layer and a bottom layer, wherein the bottom layer is
optically transmissive and a portion of the polishing layer has been removed so as to reveal
an optical detection port.
[0013]  FIG. 4 depicts a cross-sectional side view of a multi-layer polishing pad of the
invention comprising a polishing layer, a middle layer, and a bottom layer that are joined
together without the use of an adhesive.
[0014]  FIG. 5 depicts a cross-sectional side view of a multi-layer polishing pad of the
invention comprising a polishing layer, a middle layer, and a bottom layer, wherein the



i nvention conprising a polishing |ayer and a bottom | ayer, wherein the
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bottom | ayer that are joined together w thout the use of an adhesive.
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conpri ses shmmgtaycmpfaloWatyéhmhphamtyaolaed tpgrthee withay dictusy oflenatiiesive.t he use of
an adhesive. Optionally, the polishing pad material conprises three or

‘ayers. that are | of nedbuyLERIESCRr BONE TR RYERETNC 2 Pot "onbodi ment
the nul ti-[0831ér Thelinvertonds direatedtotaenolishing pad aeraptising aamuyltilayer palighing pol i shi ng
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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 adhesive. In a first embodiment, the multi-layer

polishing pad material is used as a multi-layer polishing pad. In a second embodiment, the

multi-layer polishing pad material is used as an optically transmissive region within a
polishing pad.

[0022]  The layers of the polishing pad material do not contain any adhesive between the
layers. The term "adhesive" as used herein and in the appended claims, refers to any of the
common adhesive materials known in the art, for example, hot melt adhesives, pressure
sensitive adhesives, glues, and the like. Rather, the layers of the polishing pad are
mechanically interlinked, interconnected, or joined together by physical overlap,
interspersement, and/or intertwinement of the polymer resins between each of the layers.
Desirably, the layers are substantially coextensive. The term "adhesive-free" as used herein .
and in the appended claims, in reference to the interface between adjacent layers of a
polishing pad, means that the layers are mechanically interlinked, interconnected, or joined
without any adhesive between the layers.
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mixtures thereof. One preferred polishing pad material comprises a thermoplastic
polyurethane layer in combination with a layer comprising a polymer resin selected from
cross-linked polyacrylamides or polyvinyl alcohols (e.g., cross-linked or non-cross-linked).
Another preferred polishing pad material comprises a polycarbonate layer in combination

-

with a layer comprising a polymer resin selected from cross-linked acrylamides or acrylic
acids.

[0026]  The layers of the polishing pad material can be hydrophilic, hydrophobic, or a
combination thereof. The hydrophilicity/hydrophobictiy of a polishing pad layer is
determined largely by type of polymer resin used to make the layer. Polymer resins having
a critical surface tension of 34 milliNewtons per meter (mN/m) or greater generally are
considered hydrophilic, while polymer resins having a critical surface tension of 33 nM/m
or less are generally considered hydrophobic. The critical surface tension of some common
polymer resins are as follows (value shown in parentheses): polytetrafluoroethylene (19),



pol yesters, polycarbonates, nylons, polyolefins, polyvinylalcohols,
pol yacryl ates, and m xtures thereof. One preferred polishing pad materi al
conprises a thernoplastic polyurethane |ayer in conbination with a |ayer
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material may optionally further comprise a dye, which enables the polishing pad material to
selectively transmit light of a particular wavelength(s). The dye acts to filter out undesired
wavelengths of light (e.g., background light) and thus improve the signal to noise ratio of
detection. The transparent window can comprise any suitable dye or may comprise a
combination of dyes. Suitable dyes include polymethine dyes, di-and tri-arylmethine dyes,
aza analogues of diarylmethine dyes, aza (18) annulene dyes, natural dyes, nitro dyes,
nitroso dyes, azo dyes, anthraquinone dyes, sulfur dyes, and the like. Desirably, the
transmission spectrum of the dye matches or overlaps with the wavelength of light used for
in situ endpoint detection. For example, when the light source for the endpoint detection
(EPD) system is a HeNe laser, which produces visible light having a wavelength of 633 nm,
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and bottom layer may be optically transmissive such that the entire polishing pad is at least

partially transparent to light. In other cases, only one of the polishing layer and bottom

layer may be substantially opaque while the other layer is optically transmissive. For

example, the polishing layer can be substantially opaque and the bottom layer can be

optically transmissive. In order to use such a polishing pad with an in situ endpoint

detection system, a portion of the polishing layer is removed to produce an aperture (20) in

the polishing layer (12) which reveals a region (22) of the substantially optically

transmissive bottom layer (14), as is depicted in FIG. 3. The optically transmissive region

(22) of the bottom layer (14) revealed by the aperture in the polishing layer is thus recessed

from the polishing surface (13) so as to protect the “window” from becoming scratched by

the polishing composition during a polishing process. In the case of an optically
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or different polyner resins (e.g., polyurethane and pol ycarbonate).
Desirably, the polishing |layer has a higher conpressive nodulus than the
bot t om | ayey r0oEipfsofzxanmpl e, the polishing |ayer can be pgqhjsdoosii®en have
very | ow por05| y while the bottomlayer is highly porous (e.g., a foaned
pol ynmer). 100321 When the multi-layer polishing pad of the invention is
used in conjunction with an in situ ehdpoint detection system it nmay be

desirabl e {réhrsmﬁ&lvé lruﬁ%’ i;er afd & El]\bglfant;ahf hz;g]p}n?w Eb%l—tloﬁ%?ig pad to have

a transmt g aser ., 20% or
nore, or 3 °5’r aX?Biséﬁ prpduice gn 'ﬁ’ﬁﬁ“r F‘Haiﬁ?ét%%e%@?aﬁﬁﬁl%fhd 10, 000
nm (e. g. ofzm{)suhmmallﬂom{wlyrmsmmveaﬁﬁslmgla)@r 800 run) I n sone cases, both

t he poli shi | a y@n%otl lﬂﬁh?m Ssive such
t hat the eﬁ?ﬁ]e yﬁ{elnélﬁﬂllﬁa(‘:;% 1% @a\ﬁ Fthmetﬁﬁngﬁéb&ﬁ roggﬁsp rent to |ight.

east rti
In other cisybed 'mRrﬁH’gSBT prgmrﬁﬁuqd&a B¥Fn 8yer may be
subst ant i apdlishingplayer@ndithe bettanhyert Such al plishing pad (i9) lsdaplbtpdirrEiﬁsm ssive. For
exanpl e, t inpigin} abbmmgw.r(m)aﬁot% 1&,&&@@1@%& #inlda1ORRA HR). a’PHL 1 ?sd’fot tom

| ayer can shln ad
with anin gP?'&H@ﬁaﬁ%ﬁaﬁhavwale@?%ﬁﬁ o e p mipwmeso@%méﬂg Shing
layer is remswediffersninsbeinsen e laygreyas deserifed@povien Fort someppplicatinnagt hayer (12)
\Q'h't tch rleveaé&s@zleq’amaq&faﬁa lapd r?{ogﬁvesdﬂkbﬁt@ﬁlidlﬁtﬂeh’tcﬁﬂﬁkﬁ%lr P{ys%cﬁlr ansm ssi ve
ottomiayer |1.CL e ransm ssi ve
ogion | (SOPPP- FRSRBPR AT wva(ifaswmaeawﬁ{}g Bhs BheiviES  n ¢ he
pol i shing m&y@prwgpqlmghmc@@@é@ ayer empriking p&ﬂhdsphiynlgﬂ@m, padebqtte®) so as to
gr otect thg er\bbtﬂﬂﬂkm afsbﬂ%ﬂ@ﬁgmtﬂ@hﬁlsrﬁttéiMethe 15‘*’@‘“‘99'*‘5’5""3‘8867‘{22822 tion
uring a S
PCT u%zoog?wi e S R T R e L g
opaque bot h)@mph@ty@polmer@ml@hm‘onmllqmbmebmSPW4:ayer is renoved to produce
an apertur @os4] t hia othet dpplivdtions it mayibe Gdviratdy foathe palishR@ilHBr ardibotthid layer

subst ant i af iy, iotlﬂés %}aﬁ'ﬁl chéfmi g&%,p& Wﬁé%?%’@@u %Jﬂh‘?@xe hﬁé’cﬁé tgglr‘i’xgs?é]leaybﬁ

mul ti-Ilayer, ng pad as

descri bed @Egg‘i‘r'@f PrengFy- hg‘?' xRS ithsi pigdle fxersan haye a 1‘?‘?( EFHWEGSP’QS}’@W ifthposed
bet ween t hpolisking layéilamgbdttmyelayeahd/etah@hbodompmdﬂﬁytgr AltGmatively, thelmiddie ng pad

(10) 7S depigtethd dpuaufruARIE LRI, R0 S bR nfel 2k DO om | ayer

ollshln ad can have
any suit abf‘@% El?i‘ﬂ "arﬁl‘ %ﬁ;}%‘tSE’as pﬁf@@é’?‘? sed With g’h’” Hpe '?)‘g sane or
di ff erent deseckier system wmncb\mmm)ﬁmf the polishing dhyai(d%)eand egortion néthappl i cati ons,
Lﬁemm bgbc%ﬁf %ﬁpga ro@@c@tan egwe {20) s EolszinEPa & (1) dn@ashpenti different
or e shi can conprise a

pol i shi ng Zéﬁ’é‘)r{h |l’§'F‘hp&5 “ytpﬁ we B@E%d@?‘ghg@f‘}ﬁﬁéf]g’ﬁgﬁeddl e |ayer
conpri si ngdispasel dndopefi epely @hdn)aneeglcmr@ﬁ) af tho substantially optically transmissive

middle layer (18) is revealed, as is depicted in FIG. 5. In such a polishing pad, the optically

transmissive region (26) of the middle layer (18) revealed by the aperture in the polishing

layer and bottom layer is recessed from the polishing surface (13) so as to protect the

“window” from becoming scratched by the polishing composition during a polishing

process.

[0035]  The multi-layer polishing pad of the invention can have any suitable dimensions.
Typically, the multi-layer polishing pad will have a thickness of 30 mils or more. The
multi-layer polishing pad desirably is circular in shape (as is used in rotary polishing tools)
or a looped linear belt (as is used in linear polishing tools). The polishing layer of the multi-
layer polishing pad optionally further comprises grooves, perforations, channels, or other
such patterns, which facilitate the flow of polishing composition across the surface of the
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cubic centimeter and the bottom layer has a pore cell density of less than 10* cells per cubic

centimeter, as determined by scanning electron microscopy. The polishing layer and the

bottom layer preferably each comprise a plurality of pore cells having average cell diameter

in the in the range of 15 to 50 pm. The density of the polishing layer preferably is in the

range of 0.5 to 1.05 grams per cubic centimeter and the density of the bottom layer is in the

range of 1 to 1.2 grams per cubic centimeter. Preferably, the average density of the entire

multilayer polishing pad is between 0.5 to 1.2 grams per cubic centimeter. FIG. 11 shows a

SEM cross-sectional image of a multi-layer polishing pad of the invention (e.g., two layers)

in which the layers are bound together without the use of an adhesive. The layer at the top

of the image has relatively high average pore density compared to the layer at the bottom of

the image.
[0040] A preferred embodiment of the multilayer polishing pad of the invention
comprises a porous polishing layer and a porous bottom layer. The bottom layer is
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both the first and second transmissive layers can be substantially transmissive but have a

different polymer composition. Accordingly, the wavelength of light transmitted through

the multi-layer polishing pad material can be “tuned” through proper selection of the

chemical and physical properties of each layer of the multi-layer polishing pad material.

The light transmittance is dependant, in part, on the type of polymer resin used. For

example, in a polishing pad material comprising a first transmissive layer (e.g., polishing

layer) and a second transmissive layer (e.g., bottom layer), the first layer can comprise a

first polymer resin having a transmittance to a certain range of wavelengths of light and the

second layer can comprise a second polymer resin having a transmittance to a different but

overlapping range of wavelengths of light. According, the overall transmittance of the

polishing pad material can be tuned to a narrow wavelength range.

[0043]  The layers of the optically transmissive polishing pad material of the second

embodiment can have any suitable dimensions (i.e., length, width, and thickness) and any




[00411 In a second enbodinent, the nulti-layer polishing pad material is at
| east partially transparent to the passage of light and is used as an
optically transm ssive region (e.g., a polishing pad "wi ndow') in an

ot her w sewopasues®P! i shing pad. Such a polishing pad peruspi@diesi4si n Fl G
6, wherein the optically transm ssive region (32) conprises a first

transm ssive layer (34) and a second transm ssive |ayer (36), and is
affixed into a polishing pad (30). Wen the optically transnm ssive

pol It shi ng sklfdle Ripe (d. |cah Be itbtﬁﬂﬂi ovd), ﬁﬁﬁb Eeutehgaar trMh%dIhr%d@Gdﬁ)Ol nt detection
system

t ?lans mtt ;H%léale'etﬁ? |ag?{§ Eatvggabstaglﬁailggf Hﬂa%@ @ ﬁ’ that20% or
nore, or YBy@EHullysoestensiye “a'th omeemhebn@em e repsprissive melishingoed ri m and
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Al t hough %?Mdhﬂ?é%ﬁrﬁ%@ ?&FP&%H@?L& y transm ssive polishing pad material

must  hav ansmttance, the am)unt of i ght that is
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The | ayer a?{ia {05 A% bxcrﬁ!)xjeg %rﬁﬁﬁ&‘:ﬁ& %?3@@'&&9&?8&9%@%5&{1&3@&@@ t he

second e nment pan wi dt h,

ons
ondthi crABEElY FRemiaye el e s A S0 ot o hape
(e.g., canptially transtlissioemhiti-laypn polishing pad raaterial typicaliy haa aghitiaess b aso on) .

least 10% or more (e.g., 20% or more, or 30% or more) of the fotal thickness of the
optically transmissive multi-layer polishing pad material.

[0045]  The polishing pad into which an optically transmissive multi-layer polishing pad
material of the second embodiment is placed can comprise any suitable polymer resin. For
example, the polishing pad typically comprises a polymer resin selected from the group
consisting of thermoplastic elastomers, thermoplastic polyurethanes, thermoplastic
polyolefins, polycarbonates, polyvinylalcohols, nylons, elastomeric rubbers, elastomeric
polyethylenes, copolymers thereof, and mixtures thereof. The polishing pad can be
produced by any suitable method including sintering, injection molding, blow molding,
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

x—
.




Typically, the |l ayers have substantially the same |length and width (e.qg.,

di aneter) such that they are fully coextensive wth one another. The
optically transm ssive polishing pad naterial can be positioned within a
pol i shi ng oé?w?ﬁ to be flush (i.e., coplanar) wth tplgusesisiofderig
surface of the polishing pad or recessed fromthe polishing surface of the
pol i shing pad. When the optically transm ssive polishing pad naterial is
flush with the polishing surface of tl2e polishing pad, the first

transm ssi y6lyhaHas beth kol e MHeipolidhthgPal GpickiB/is Bpaquéd &%n%ahﬁﬂ?ng surface of

t he pollshg%%gggﬁ. [ 00441 The optically transm ssive multi-layer polishing
pad nmateri ‘he second enbodi nent can have any suitable thickness, and
t he t hi cknf46lwi | A polishingchag ceraprisingan optically transmisgize mubtidlayen polishinglpaess of t he
pol i shing paGriklvf the\sbdofilh ethbliriéHt hashi poBshiutade Sihichloptiénally Ag@er and the

anount of re i i n Lk surf.ace of the _polishin
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Tl i 1y eMelsBReE e AesoB e RS it cpmarss ingidiliToiodie QG n P or 1006 or
more (e.g. muRidRyeppolishing padmatetial are ormpme othef featres brdoaipondnisc Foeswmofe, t he

optically %@M;%hdl@pﬁmwcah Wris@&gioamfrmalﬁg id?ﬁﬁitﬁrﬂaﬂhessﬁjoms{tﬁ” y, the

second | ayer, of the optical tr.gnsm gsive ayer | i shi ng pad
mteral - 919 Bemig) melicis; i oLl Splotl oen somfrs Sttt 270 20w
or nore, omcRIOg ebrasivey payticdss (¢ Hrametalioxide partielkg).cpobymer partieles; priersgluble
transm ssi y@tiehy, ihtet-¥6rber) phrticiad, BEllaAshrtiokds ntl @le ik 00451 The pol i shing pad
I nto which [@E@OPF Tl?eﬂ{ollﬁ{hiﬁ i3 @&ﬁéw&tigﬁ‘&% :pallzia}(a%f sBRéd[f%EHSs@% Safhneggat erial of
t he second enbodi ne 'S aced can conprrse anﬁ, suitabl'e poq mer resin.
For exanpMith ackamieabimeshanical nokishing(6VEP) ppRaratusng pically, the prijatais comprises,
sel ect ed f &@nieh/Whigh, Htigh in@ed) $ if iriotiGn Aid had\evelBeity ant tesults ids dpbie, dinear,
t her nmopl as f:} GrclR MR %ﬁ&iﬁﬁm% gibec{f%%%ﬁt‘idnb odhdoY Qitﬂh'e gﬁten%& }ﬁ%@iflgo nates,
pol yvi nyl al'cohol’s, nyl ons, efastoner]c_rubbers, elastonerijc gﬁ et hyl enes,
copol yner s With&e@iten vien inqtiony and & caeiepthpt holds a workipieshiorhs pglished By be
produced byomdtlingatidtnedving retetiveaclthe swadelofthe malistting padg The pplizhing oftherol di ng,
ol ow 0! 1 QricpieEfaked loBbby M dolified Beifk plabBPinRBhthct Wildho}dflstfidl pelEn ! 1 d and
non-porous theg 512 pgl?s?l}ng ngd moving relative to the workpiece, typically with a polishing

composition therebetween, so as to abrade at least a portion of the workpiece to polish the

workpiece. The polishing composition typically comprises a liquid carrier (e.g., an aqueous

carrier), a pH adjustor, and optionally an abrasive. Depending on the type of workpiece

being polished, the polishing composition optionally may further comprise oxidizing agents,

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 polishing pad of the invention also can be used with linear

polishing tools.



m croporous closed cells, can contain open cells, or can contain a fibrous
web onto which a WD 2006/ 115924 PCT/ US2006/ 014674 12 pol ynmer has been

nol ded. The polishing pad typically is opaque or only partially

transl ucand 2006084 A polishing pad conprising an opt i RGEIS2006/0a453411 SSi Ve
multi-layer polishing pad nmaterial of the second enbodi nent has a
polishing surface which optionally further conprises grooves, channels,
and/ or perforations which facili tatelBhe lateral transport of polishing
conposi t i [#049])ac rDeiratily)ehesCVIP apgaranis furttier gomhprisés andn gacbolisiindendpaintyves,

channel s, : rakl 3 Map } . can have any
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layers can be produced by fusion (e.g., ultrasonic welding), thermal bonding, radiation-

activated joining, lamination, or coextrusion. A preferred method is coextrusion. Extrusion

involves forming a polymer sheet or film by forcing polymer pellets through a shaped die,

typically under elevated temperature and/or pressure. In coextrusion, two or more layers of

polymer resin are formed as coextensive muiti-layer polymer sheets through the use of two

or more extruder dies. Multi-layer polymer sheets formed by coextrusion can have any

suitable number of layers depending upon the desired application.

[0052])  Another suitable method involves subjecting one or both faces of a single-layer

polymer sheet (e.g., a single-layer polishing pad) to a process that alters the physical

properties of one or both faces of the single-layer polymer sheet. For example, a solid

polymer sheet can be selectively foamed such that porosity is introduced into one face of the

polymer sheet, resulting in a two-layer polymer sheet (e.g., two-layer polishing pad) having
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organi c aci ds, conpl exing agents, pH buffers, surfactants, corrosion
inhibitors, anti-foamng agents, and the |Iike. The CWP apparatus can be
any suitable CW apparatus, many of which are known in the art. The

pol i shi ng wadoosfi1dobe | nventi on al so can be used w th | imwegus00m1463i Ng
tool s. WD 2006/ 115924 PCT/ US2006/ 014674 13 [0049] Desirably, the CW
apparatus further conprises an in si tu ol i shing endpoint detection
system many of which are known in theldrt. Techni gues for inspecting and
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portions of the polymer sheet absorb the supercritical gas. Such a method can further

comprise the step of cooling the polymer sheet prior to supercritical gas absorption so as to

retard diffusion of the supercritical gas into the polymer sheet. Alternatively, supercritical

gas absorption can be limited or prevented along one side of the polymer sheet by applying

a supercritical gas barrier material, such as a thin film, foil, thick substrate, or other suitable

material, which can prevent or limit absorption of the supercritical gas into the polymer

sheet. In some embodiments, the barrier material is a polymer sheet. The portion of the

polymer sheet that has absorbed more supercritical gas will have a higher porosity than the

remaining portion that has absorbed less or no supercritical gas.

[0055) A more preferred method of producing a multi-layer polishing pad material of

the invention involves (i) placing a polymer sheet under elevated pressure in the presence of

a supercritical gas for a predetermined period of time, (ii) allowing the polymer sheet to



pol ymer resin are fornmed as coextensive nulti-Ilayer polynmer sheets through
the use of two or nore extruder dies. Milti-layer polyner sheets fornmed by
coextrusi on can have any suitable nunber of |ayers dependi ng upon the
desired apohonaisoo. [ 0052] Anot her suitabl e nmethod i nuelysosiakg7e£ct i ng one
or both faces of a single-layer polynmer sheet (e.g., a single-Ilayer
polishing pad) to a process that alters the physical properties of one or
both faces of the single-layer polyndé sheet. For exanple, a solid polyner
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exanpl e, W’i’éﬁe}“’c TSabeleld Feghg’@tam(?ﬂfﬁﬁ“é‘%?q“‘feﬁl Prippreseptien 60 Yillr et hane, the
pressur e sdé¢pend id thedyeaifpelymerlasivelliads the desofpfiod/Bamditiong(e,g., ténegevabeaati MPa and 8
VPa)  The pRiaRS a{divvih@ﬁﬁcaﬂﬁze S8l P3| AGuligey iyl ng Ui ci ent
solubility | ol’yner . 0., N2 or n referably is .
301 Phbl v 10058l " b retlhiod e Bt shsk e Bl Tl YR 1
(e.g., | neptglofde taropenajing ppplieti éo thpdiffdentchors oftle potyroertshest. Bécawsedliel | be
dogr o of ok of BEnhELANSholials A8 BTHLLER sMONE Byl TRIVIEE °) Mour o
) . LS our or
more (e gsf:ﬂ%pfnnfoﬂg'? %& %iffge,f fw%ﬁeﬁd%mgﬁ@e% e tjﬂtr’éoﬁlﬁ%{@kg
t enper at udegresa af foaming (ryg. sdifferents perositiespad/at different plare sizes)rwithin thatpobymat ure wi | |
Slepend, t akhekt;?@!&_&or&ilﬁ%lp,éthé mg&l&i édﬁﬁ)ﬁ}'ﬁ ()] ?facﬁx@ﬁp?%h&ﬁﬂiﬁt _ﬁb\ﬂ@% firkh@eef ?am' n?Trr)
enperature | etween the .. an e _nmelt.i.n erature

of 't he. poPHeiuBic nde? eREER s e the rlce ofF slRRicliplgos BLF 0L CLC Fre T
of the pobipsterménied periog|of ime(f) placingstheifirsf oS fhenelyanee sheetamdenaditstenbodi nent ,
tg 22 pgl)?’rfﬁiinpﬁlﬁﬁithit% abbwmau“g@rtﬁzﬁgww stieot; m;ﬁlaciaba@éobhdlﬁré 51?1;5 u gg; g ; lbg ijcal
into the Eé‘%ﬁ“&t%@gﬁ%gsﬁdﬁén‘%‘ﬁ’ng tﬂ%@gglg‘grpﬁrgﬁﬁqepn%%’u% that only the
out er (iii) %(I)ammg the polymer sheet. The second temperature can be below the T of the

polymer sheet thereby substantially preventing foaming of that face of the polymer sheet, or

the second temperature can be above the T, of the polymer sheet but below the temperature
of the first face of the polymer sheet so that the second face undergoes less foaming than the
first face. This method optionally further comprises a desorption step as described above.
In one embodiment of this method, the first face of a solid polymer sheet is subjected to
rapid thermal annealing and becomes foamed while the second face of the polymer sheet is
maintained substantially at room temperature and does not become foamed and remains
non-porous.

[0057]  In arelated technique, a multi-layer polymer sheet comprising layers containing
different polymer resins having different physical properties (e.g., different T;’s) can be
subjected to the same foaming process. In particular, the method comprises the steps of (i)
placing the multi-layer polymer sheet under elevated pressure in the presence of a



portions of the polyner sheet absorb the supercritical gas. Such a nethod
can further conprise the step of cooling the polyner sheet prior to
supercritical gas absorption so as to retard diffusion of the
supercritiwal2ogaasizat o t he pol yner sheet. Alternativel ypcrupmwenissiscal gas
absorption can be limted or prevented al ong one side of the pol yner sheet
by applying a supercritical gas barri? material, such as athin film
foil, thick substrate, or other suitabl material, which can prevent or
limit absorsppérciticalfgas foe a predetenminetdiperiod qfdisne; (i) subjeatingthe ymiti-layes pelger I n sone
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g\;: ; Ime Ir agﬁ;thf’ﬁﬂirsﬁggr ﬁal oaﬁtdaai@a &ffelggtu@fgsﬁ a3 lte%ﬁ&@ffémdluemgth\é%ﬁé ;) Clro: ?::LQP a
gas for a ptl% AR0E S W&?j ﬁ@&d%'gn%?mﬁswd ceRat °“§Fﬁ“§waﬁ§°f‘ﬁ%“g‘&f’§ﬁg“é sheet to
WD 2006/ 1154bpve. Sgmilanise@96gl6layeperous Boljshing pad day bejtseatadisotah to elinyimstecari t i cal

gas, and (Iﬂeaaceﬁﬁfpmosigy dftefe Bﬂfo&u ﬁbéswfﬁewrsbﬁﬁpaptm%p pRdedhg a pisifikd] ecting
the sheet tg.a te he .Ts e polyner sheet. Steps (i) and

(iii) can bpead chp?rrgﬁ ac?utiﬁ ﬁ%ﬂé‘?al?ﬂ%'o%s&?‘yﬁftl ons descri bed above. The portion
of the pol yi#838] sHdepraviens methadsenasallydavolisselsdively convertingle solispolinidr have a

| ower por osshtét tCHpRATs @Olyiner shb&. AhQiEhate frdack foipeddutiAgthemailplayad t he

23?3; ;[ IeE:II Sfoglﬁkgﬁpadgﬂl}t%’?% e:I Caeghgﬁexmﬁv«esgé]gcng«ﬁg%ﬁg/esnng %lﬁgryousfﬁ?xjxﬂ ?bl y IS

pol ymer  shieattq Wnd)&rquy polyymer qbeetf Specifically; rsa@eébydulwoms ﬁtmcgn&ﬁnel%ss (e.g.
40 hours orbditefases oD single-ler orowd poly@sissheet I eteipaatuetabove the Ejofeien be carri ed
out at any ,suifahl & &8%‘;&%& g%@j{;% fl&w %Wﬁl ﬁ%fd%g%o%s pA&%gnggy meyPi cally,

t he desorptl n ste ure an tnospheric
pressure. bergf @"Gf ogyene o Bt dases Qfﬁhemo&ﬁef ﬁ@etﬁav bateduced fpforpan pe

control |l ed pdb,»yndr bayari haging lvsvet porpsity @t evea h{ving norporosmyseFdrteﬁamtﬂs,arpptaumn rate) or
| overing thg Eﬁ!ah' B@seﬁécﬁvel;dﬁfﬁééié’cﬁcﬁl otnF' F'ac A&rﬁé} sﬁ%& @in beTﬁlecé”DU nt of

time reqU|r or .t I'on Iyner
as well as ’(‘}Frﬂft&%&ﬁor@g °|“‘6 9 abes of B{%Waﬁsg?eé &g}" re) and
wll typicad mgldtwhxcﬁ seteatively soals onemr mofedaygrs, of 13 pniynmtésetoﬂsmrﬂm)se [0056] I n
anot her pr etfs&r‘hfqﬁé!; E%rié%fxﬁdﬂ?«la?&' Hﬁ'ing%;la&eéan bé x@&lce@tvw&hme n@éﬂ%ﬁa& hr ough
control of erat'ur.e %pg‘fo fferent ﬁ‘i e pol ymer
sheet. Bec ‘és“‘[e er. Jg partjpul OIW H@‘S hep °?JBW§?FP§PS§ erlag elated in
part to theporesjryerasswell aszthrseydyapolighifg padehavingaisplid middledayer ended pokays f ace of

a solid pol Wan& Rt 1a9&nor€¢bmrsely%qyoidas yledhylef Rtk BboliddPPéras (oWer f 0am ng
(e.g., differen goro‘i“lt es and/or different pore sizes) within that

pol yner  sh&&t: 4 *Ryly, the nethod conprises (i) placi ng 2 pol ymer
sheet havi ni§0¥If i rltis desireble “&ﬁdpfad@%@ﬁwlﬁ -pyer pohishing nef epteriabofphcessure in the
presence of infenGoiPR mihindizeGRd st@dtiral Bdundary between the layers. In coextruded multi-layer

polishing pads, there exists a structural boundary between the first layer and second layer
that is defined by the region of polymer overlap between the layers. However, other
techniques that make use of a single-layer polymer sheet that is selectively modified on one
or both faces to have a different physical property, for example the foaming techniques
discussed above, do not give rise to such a defined structural boundary. The absence of'the
structural boundary leads to improved delamination resistance and better polishing
consistency.

[0060]  The following example further illustrates the invention but, of course, should not
be construed as in any way limiting its scope.



predeterm ned period of time, (ii) placing the first face of the pol yner
sheet under a first tenperature that is above the T. of the polyner sheet,
(ii) placing a second face of the polynmer sheet under a second tenperature
that i s bwbavestis®24irst tenperature, and (iii) foam nge¢iresypod/onaes sheet .
The second tenperature can be below the T. of the polynmer sheet thereby
substantially preventing foam ng of that face of the polynmer sheet, or the
second tenperature can be above the of the polymer sheet but bel ow t he
tenperature of the first face of Xﬂ[‘é&]fkﬁl/rrer sheet so that the second face
under goes (6083} f Thivexgpidiitinstiates a nfethod bf pradueing dinudti-layeryotistogy padiofithe y ]1: ur L her
conpri ses . g%’%'ﬁ r ment of this
met hod, tﬁ@ %ﬁg@ﬂ?g@@%ﬁ&%ﬁa@ﬁ p%‘ogqn@nggﬁ}eﬁgl c|rs sg‘g Q{gp "o rapid

t her rral aﬁﬁ'@éll"i’-ng and becones foanmed while the second face of the polyner
sheet is [oms2ht aSal&bkhemimpIaafctﬂob»iufemam sheﬂo(SamphpAmad B) Bav&rgChn(iWSgenOt becone

foamed an q&lg‘g

mul ti-| ayg‘}l&&lg%g oFfSOOQ.E{' %tedg*&ﬁ%aéig?gu%gé t al ngﬁ b@%ﬁr ent pol yner
resins hamafgfe@ S8R laﬁm%?%wwre&ae EPrsgrg A e ERe urtgeds can be
subj ect ed atfunctibreofdiareds ﬂmwmlmEKbﬂo&"bes@Oz-satumw@mphb Arandﬂmm’érbmbdd conpri ses

the steps aPtfoox(l'tQmchHt(ﬁ'G h&&u&@s%héﬂé' ﬁressdr@fs?ao RehESRAd FI0GR! pder el evat ed
pressure in resence Of 00? 014674 16

| U
supercri t.rﬁsa?ﬂﬁ%lﬁ dPB?g‘é{h‘B‘FB'G‘EP%T‘?h ﬁ%@%?%ﬂcg% Popymef slisghj ecting the
mul ti - | ayeccuped.yfrplot ofthe€0; loss as atfenstiar cfttimeds shhwh in BIGaBoTke 4tminflof of at

| east one d@ﬁ&&f&&tﬁé’&%mpﬁéwmsﬁ % ﬁﬂ%@ﬁ%&(ﬂ%%ﬂ&lﬁgﬂ@ pol yner sheet.
When the |ayer le ollshl %}w(i\ ere he erties,

t he degre&® é‘ % '%s"é‘étbvﬁyr %féfp 4 \FllesB@ ‘8‘?’157‘5?%{‘ ‘ng”& Jgﬂ’b‘{% each

| ayer of at?ﬁe°qgcﬂmmaggsqfécbn@dmmamltmm@ are Shiawndn FIGH Pawd 1§, despite being
foage? us irétgedtiely. SSHiple A(ﬁ&d”ﬁt@ﬁl HRRdd ﬂﬁc@ﬁa%s olefsso Lﬁ%ﬁ& BQnﬁ}[s@&@ﬁﬁmﬂndl |
condi ti ons an i sCusse bo a.si e- | ayer
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porosity @f/erméhle}mewzf ﬂaSQOamgndmmn@SpémEthﬁﬂginyézéhmsméﬁ%ymwdé%u ng a
pol i shi ng L@fpﬁmihmglpaglagersol id layer and a porous |ayer. [0058] The

previ ous ds e 3 co I pol yrer
sheet to g‘&%of ou’sIﬂ o yn lé Xeﬁo%ltﬁlte\éin eﬁ1 ? %rr? e?’LHn rqu%lgcl%‘}, Pgo I%Irllgghcdl(%rf;g t he
nul ti-| aydhe mwmrsmtrsamr%%vse@fmmdhm@ ii)ﬁk'/entl on invol ves sel ectively
converting a porous polymer sheet to a non-porous polyner sheet.

Specifically, this method invol ve%t 4ing one or both faces of a
si ngl e- Iayer f)orous pol ymer sheet to a errperature above the Ts of the

pol ymer, t hanis expniioilipsimies pagihed of goducing 2 mtti-fayen pofishingad o s ces.
Accor di n g Ilyvenﬁdmompusﬂgafr parduspolishingdayeobvandto alpotdus bateoaslapdr witheutpled yner sheet

can. be 1 e dnlueliOh 7 AP Bk iR S nab B kit Qe RABARL gedli ©Ven

havi ng no por osi For exa
g tﬁ) that oft tXe bottom layer. npie

[0065] Two polishing pad materials were prepared by the following method.

A series of thermoplastic polyurethane (TPU) foam sheets (2A, 2B, 2C, and 2D) were
produced by an extrusion method. Each TPU sheet was prepared using TPU having a
weight average molecular weight of 50,000 g/mol to 150,000 g/mol with a PDI of 2.2 to 4,
and an RPI in the range of 2 to 10. In each case, the TPU was placed in an extruder having
2 6.35 cm (2.5 inch) screw diameter with a 32/1 L/D single screw, at elevated temperature
and pressure to form a polymer melt. Carbon dioxide gas was injected into the polymer
melt under the elevated temperature and pressure resulting in formation of a supercritical
fluid CO, that blended with the polymer melt to form a single-phase solution. The
CQOy/polymer solution was extruded through a 94 cm (37 inch) wide die to form a porous
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1.7

1.7

1.8

1.8

Sheet Width (cm)

91.5

91.5

91.5

91.5

Sheet Thickness (cm)

0.210+0.01

0.235+0.01

0.233 & 0.003

0.248 + 0.01

Cell size

2011

35%20

3317

259

[0067]

Porous TPU foam sheets having good uniformity of cell size (+ 25 um) were

produced using each series of the extrusion parameters shown in Table 1. A portion of
Sheet 2A was fed through a pair of nip rollers (0.1397 mm) along with a portion of Sheet
2B, while sheet 2B was still in a partially melted state, substantially immediately after
extrusion from the die. The pressure of the nip rollers on the two sheets resulted in fusion

of the two layers to form a multilayer polishing pad of the invention, designated herein as
Pad 2A/B. Similarly, a portion of Sheet 2C was fed through a pair of nip rollers (0.1523
mm) along with a portion of Sheet 2D, while sheet 2D was still in a partially melted state,
substantially immediately after extrusion from the die. The pressure of the nip rollers on the
two sheets resulted in fusion of the two layers to form a multilayer polishing pad of the
invention, designated herein as Pad 2C/D.

gesor ption,
A and B



respectively. Sanple A has a total average thickness of 1500 pm and
conprises a 50 m solid polishing pad | ayer and a 1450 pm porous poli shing
pad | ayer. Sanple B has a total average thickness of 1500 m and conpri ses
a 200 smwol2beé/1pshs shing pad | ayer and a 1300 pm por opst/psioogdiuevg pad

| ayer. [0063] This exanple denonstrates a nethod for preparing a

mul ti-layer polishing pad of the inv?gti on without requiring the use of an
adhesive | ayer. EXAMPLE 2 [0064] This*exanple illustrates a nethod of
produci ng [Q068il t iSainplee of thoPads mieregrupfaein the reshibing sheete avd the poperges ofitheg a por ous
pol I shi ng e ereelqyﬂﬂlgtpeas%faﬁgmpmn R AP EndPali7eH hid e HSHing! an

adhesi ve, lishing has _.an aver e surface roqghness
gr eat er tﬂﬁ%ﬁ? °ﬁ§1°w&fm 3560%“98 TL‘%@/}S’P ertios GH e IR ‘HF © baHS et eri al s

wer e pr epdtabeledyreibh), wbile thaiprogemies df othersAvepaonsagyred dftar heﬂing (lakedadipost-

loolt yureth (r;fm W H e RheRch b?%@lde?&‘the?&tm@dadmﬁ@)ayﬁgdheet t@feﬁx@b@?ﬂ by ﬁtn
extrusi on e vVin wei g

aver age ﬂg %(%d a%f%?ﬂ’ ﬁ'(?fsmgife%éla%?l%‘fjg ﬁgerfggﬁgb%m&f #81“%& S[“ %?OlgDI of 2.2
to 4, andhebetiemlayen(egido ranaye vasiesimblegnatagials onany.sisin layesdf present). TRU was pl aced

in an ext rmggzaﬁm MSide A" Gof@BtchR bottoR layasbﬁpaagwmimawomrsmﬂzh a 32/1 L:tD
nme

Car bon ai ontisd? g Bt Fb BT AT As

t enper at urte therbgtigm &?é(@lmf@ﬂ(i A/, formed from Shref

boRLERN Sl SRR gk yror el

haftiand "Sde B mlseiodhd ti cal

fluid

COz that bdﬁgﬁegjawbhpgdme/mqulﬁommettm form a singl e-phase solution. The
CQ2/ pol ynmer solution was extruded through a 94 cm (37 inch) wde die to
farma porous WO 2006/ 115924 PCTI U82006/ 014674 18 foam sheet. The
concent r at Ta¥e Bf _CO 1.8% and 1.8%for _sheets 2A, 2B, 2C,
and 2D, respdiampleol y rnnﬁm Sidg i, | Side B rSiﬂhG SideD | of t he
extruder, thelvgaEee ; %z” B8 didlonededre, screw speed,
i ALOVYEIREE A » - & o Fi j5:4 ;
concentr at i of SEN ST G SRR 2 n Table 1.
Table 1: Extg X : Lﬁ% EEt72. ER 2z e get 2D Zone |
Tenperat ure (-meﬁﬁ% }{ﬁem 398 Zoneé midenperatjurga( Q) 1935|405 405 405
Zone 3 Tenpe[abetWenr Padtitiff410 410 41083.40hei983 Tlenpsey dt uss® (C) 410 40 410
410 Zone 5 PeetByffe (C) 373 373 373F.737R 328 7.1 30.8
Ra (1im), Post-Buff 9.1 343 8.1 28.8
Hardness, Shore A, Pre-Buff 96.3 88.2 95.1 87.7
Hardness, Shore A, Post-Buff 96.3 88.7 95.6 85.0
Thickness (mils), Pre-Buff 83.5 923 91.8 97.6
Thickness (mils), Post-Buff 70.6 81.2 83.4 813
[0069] In Table 2, "% Comp." is percent compressibility (Ames).
Table 3:
Side B Side D Side B Side D
Sample Pre-Buff Pre-Buff Post-Buff Post-Buff
Storage Mod. 30 °C 471.6/423.8 402.0/372.7 4777/ 421.7 397.1/274.3
[ Storage Mod. 50 °C 93.77/1179 93.79/107.9 93.33/115.8 83.6/99.3
Storage Mod. 70 °C 37.23/51.46 37.53/47.92 38.53/50.81 33.92/44.65
Loss Modulus 30 °C 96.00/92.14 78.21/80.31 94.50/89.46 79.68/66.17
Loss Mod. 50 °C 28.70/31.23 24.71727.63 28.48/30.56 24.15724.83
Loss Mod. 70 °C 5.53377.400 ' 53297 6.869 5.47477.184 5.244/6.513
Tan Delta 30 °C 0.2010/0.2149 0.1946 /0.2155 0.1978/0.2121 [ 0.2007/0.2413
Tan Delta 50 °C 0.3060/ 0.2649 0.2634 /0.2562 0.3052/0.2638 | 0.2889/0.2500
Tan Delta 70 °C 0.1486/0.1438 0.1420/0.1433 0.1498/0.1414 | 0.1546/0.1459




Gate Tenperature (C) 373 373 373 373 Die Tenperature (C) 400 400 400 400
Melt Tenperature (C) 395 395 394 394 Die Pressure (MPa) 730 730 800 800
Screw Speed (rpm 19 19 20 20 SCF Type CO CO2 CO2 CO2 SCF set (kg/hr)
1.23 1.23 Qut put (kg/ hr) 72.5 72.5 73.5 73.5 &Gy ation
(% 1.7 s viofotghssz QP e (em) 91.5 91.5 91.5 91.5 el o
(cm 0.210:L 0.01 0.23510.01 0.23310.003 0.248 f 0.01 Cell size 2011 35120
3317 259 [0067] Porous TPU foan1sheetx)having good uniformty of cell size
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shown in T

rollers (OM@QT‘“ "g' daltg (hanDelta) 458 presegisd Sqr é}éﬁ irstend se ‘[‘)"é“%%ﬂéet 2B was
still in athedbi:abluyatrfesttheatingt adles at secbsd lssatingal |y | mredi at el y after
extrusion fromthe die. The pressure of the nip rollers on the two sheets
resulted in fusion of the two layers to forma nultilayer polishing pad of
the invention, designated herein as Pad 2A/B. Simlarly, a portion of
Sheet 2C was fed through a pair of nip rollers (0.1523 mm) along with a
portion of Sheet 2D, while sheet 2D was still in a partially nelted state,
substantially immedi ately after extrusion fromthe die. The pressure of the
nip rollers on the two sheets resulted in fusion of the two layers to form
a multilayer polishing pad of the invention, designated herein as Pad
2C/ D. WD 2006/ 115924 PCT/ US2006/ 014674 19 [0068] Sanples of the Pads were
cut fromthe resulting sheets and the properties of the multilayer
polishing pads of this Exanple (i.e., Pad 2A/B and Pad 2CI D had the
following properties shown in Tables 2 and 3. The properties of sone
sanpl es were neasured "as is" (labeled pre-buff), while the properties of
others were neasured after buffing (label ed post- buff). Buffing was
performed on both sides of the extruded nulti-layer sheet to renove 5 to 7
mls of material fromthe surface of the polishing layer and 2 to 3 mls
fromthe surface of the bottomlayer (e.g., to renove undesirable
materials or any skin layer, if present). In Tables 2 and 3, "Side A"
refers to the bottomlayer of Pad 2A/ B, forned from Sheet 2A;, "Side B"
refers to the polishing | ayer of Pad 2A/B, formed from Sheet 2B; "Side C'
refers to the bottomlayer of Pad 2C/ D, formed from Sheet 2C, and "Side D'
refers to the



polishing |ayer of Pad 2C/ D, forned from Sheet 2D. Table 2: Sanple: Side A
Side B Side C Side D Average % Conp., Pre-Buff 2.38 2.99 2.62 2.59 Avera
ffl % Com Post-Buff 1.63 4.44 2.13 5.47 %ebound (Anes), Pre-Buff 82.00
84.53 88.54 78.45 %Rebound Ames , Post-puff 76.60 74.71 62.40 62.76 Taber
Wear m Pre-Buff 101.4 192.1 76.4 1933 Taber War (ny), Post-Buff 83.4
198.3 108.9 185.0 Ra , Pre-Buff 7.7 32.8 7.1 30.5 Ra Post-Buff 9.1 34.3
8.1 28.8 Hardness, Shore A, Pre-Buff 96.3 88.2 95.1 87.7 Hardness, Shore
A, Post-Buff 96.3 88.7 95.6 85.0 Thi khARMSni|s), Pre-Buff 83.5 92.3 91.8
97.6 Thickness (mls), Post-Buff 70.6 81.2 83.4 81.3 [0069] In Table 2,
"% Conp." is percent conpressibility (Ames). Table 3: Side B Side D Side B
Side D Sanpl e Prle- BufA miitelaer folifldag p&slifof chemsital BodchaniGtl pohdng\dodipridingC
477.61428.8 402.0 / 372.7 A77. 7d/ 421.7 397.1 /] 274.3 .St orggg I\/b]qé‘y 50 C
93. 771117. 9 DEOPYF REMSENGJayes and; 4 spogoussefiogy layersiherein, thi, §otem leyos7isos

51. 46 37.53 1 5 00 /
92.14 78, 21/4113%%'35%35? g’glgngévgé%ﬁ?%gém%%‘a&ég? eﬁLglgém N%Iélwggg& csoe%%@r&%l 23

24.71 |/ 27 Gater@nuaRted With 6 WitontlayasugBthat thegntktface trowenzhe palishinglgyer

5.329 / 869 .5, 474 84 5.244/6.513 .Tan 0.2010 / 021 0. 1946
D o5 0 dans bR s ehesisis, e Dalhide 1236, Gaviig 28 dgrege st
0. 2562 03053‘3}@gh¥16§%§3R9 tB&&@ gleafbr 2AGhe Ranf BRI BodtorOla roaﬂd‘l’&ﬁeréln(lhé-g@ 1420
/ 0.1433 0.1498 / 0. 1414 1546/ 0. 1459 WO 2004/11 924 PCT/ @200 014
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the first an orm value at i'ng / val ue
at second hekrtermined B§ scanning electron microscopy.

2. The polishing pad of claim 1, wherein the polishing layer and the bottom
layer each comprise a plurality of pore cells having an average cell diameter in the in the

range of about 15 to about 50 pm.

3. The polishing pad of claim 1, wherein the Ra of the polishing layer is
greater than about 25 um.

4. The polishing pad of claim 1, wherein the Ra of the bottom layer is [less
than about 20 pm.

5. The polishing pad of claim 1, wherein the Ra of the polishing layer is
greater than about 25 pm, and the Ra of the bottom layer is less than about 20 pm.

6. The polishing pad of claim 1, wherein the polishing layer comprises a first

polymer resin and the bottom layer comprises a second polymer resin.

7. The polishing pad of claim 6, wherein the polishing layer comprises a
thermoplastic polyurethane and the bottom layer comprises a polymer resin selected from
the group consisting of a polycarbonate, a nylon, a polyolefin, a polyvinylalcohal, a

polyacrylate, a polytetrafluoroethylene, a polyethyleneterephthalate, a polyimide, a



CLAIM5 1. A nmulti-layer polishing pad for chem cal - mechani cal polishing
conprising a porous polishing |ayer and a porous bottom | ayer; wherein the
bottom | ayer is substantially coextensive with the polishing |ayer; the
polishing |ayer being directly intercopnected with the bottom|layer such
that the interface between the polishi | ayer and the bottom | ayer is
adhesi ve-free; the polishing | ayer having an average surface roughness,

Ra, that is greater than the ka of the bottom|ayer, and wherein the

pol i shing pbB¥emidga palypqn@epejgblydmﬁe taypobfimethylnethacityluts) aabpolymdet angl | s
per cubic centimeter and the ottom | ayer has a pore cell density of |ess
t han about ofte @@8@§gBéwnﬁﬁﬁﬁwsdﬁﬁﬁﬂﬁ%ﬂﬁ?t35§ det erm ned by scanni ng

el ectron mcroscopy. 2. The polishing pad of claim1l, wherein the polishing
| ayer and the bgtto (S rali C ._havi ng
an aver age celI%dlagg?éﬁgﬁﬁnﬁgktléﬁq$¥llSgﬁgﬁlg?qggéﬁkﬁ%ggﬁg?%%éﬂ#ﬁgg pin
3. The pol skt rgclpadmptise |aaiptlyiner Wesih eis NselldveedReroaf thd1grqpl icsﬁnilsmggl afyer is
greater than about. 25 pm 4. The polishing pad of cIa|n11 <ﬁ ? the Ra
of the bot thssnpplagic eéﬂStOérseg % HReTMRBRSLPObBepm2 PolyprEhas) | & i bOffnaa

claim1l, i ghi | aye te ut, 25
o and’  hCREnBeAE Eop@ibfIcBRl. Alnplin, By Halidmetlt CRK6e, Mol 3
pol i shi ng palyeihfyleat,an npolytemhthmmem}ﬂdm raobo]s'buhyllynd:tarpphthalawprai ye]&yimidé,i ast

ol Shi ng. ARG, & PRTE (br SPRVERERBol R R ayBr s ROHITERege o~ T

t her mopl astchgolpRENOMRY BRI feREobihd RoshOl dnd M hidMRé theRIPr | ses a pol yner resin
sel ected from the group consisting of a polycarbonate, a nylon, a

pol yol efm a pol yvinyl al cohol, a polyacrylate, a polytetrafluoroethylene
a pol yet hyl enet &r ephihap@ltsmnga)ap@f ylaim 8ewherein 2he padymer repindes thermenlssticy | ene,
a pol ystyr enf Wg}agol ymet hyl met hacryl ate, a copol yner of any of the

f or egoi ng 9 fesins, and a nixture thereof. 8. The pol i shi ng pad of
claim1l, mhereln t he bottonllayer and the polishing |ayer each conprise a

pol ynmer resin igosel agh@d. 1£§e@&5bhmqg%a<atf9r &@ﬂﬁeameegarﬁéal ohm%rdasﬁ@h@iagl c
el astoner, a thernoset a pol yur et hane, a pol yol efin,

pol ycar bonatperous pobshing Elyblafhr@ohmmusabq’twno hlyela whereir thenleyere arelﬂubgpntlally

;e)loﬁflfafgglr Ie% %éernggzﬁiéﬁéq%%ﬁﬂe inteax’f 9 l)g gg e lay% ﬁolgé r§1"?/8?1‘eeathe 8?hshm>g‘ layer

pol yacryl atgd tie fuloys layeceueh oamphylﬂgtabpihxraiﬁtyh@&pofb &kBs having apavetagy pare any
of the foregoing . resins, and a m xture thereaqof.
diametet in the range of about 15 to about 50 pm; the polishing layer having a pore cell
density of greater than about 10 cells per cubic centimeter and the bottom layer having a
pore cell density of less than about 10* cells per cubic centimeter, as determined by

scanning electron microscopy.

11.  The polishing pad of claim 10, wherein the polishing layer and the bottom

layer each comprise the same polymer resin.

12. The polishing pad of claim 11, wherein polymer resin is a thermoplastic

polyurethane.

13. The polishing pad of claim 10, further comprising one or more middle
layers disposed between the polishing layer and the bottom layer, wherein the middle

layer or layers are substantially coextensive with the polishing layer and the bottom layer,



9. The polishing pad of claim8, wherein the polynmer resinis a

t hernopl astic pol yurethane. 10. A nulti-layer polishing pad for

chem cal - mechani cal polishing conprising a porous polishing |layer and a
porous bottom | ayer; wherein the |ayers _are substantially coextensive such
that the interface between the |ayers i% adhesive free; the polishing | ayer
and the bottom | ayer each conprising a plurality of pore cells having an
average pore dianmeter in the range of about 15 to about 50 gm the

pol i shi ng h@y®heldmvth® golshB 18yt Shlddledayisiok Yayefs, SRt 8bttdhidyeabRULseddd cell's
per cubic centinmeter and the bottom | ayer having a pore cell density of

| ess than amoyOtED4 cel |s per cubic centineter, as determned by scanning
el ectron mcroscopy. 11. The polishing pad of claim 10, wherein the
polishing |ayer,and the bott . l.ayer each conpri.se the same pol yner resin.
12. The poIishng pa Wﬁﬂhé%gﬁﬂﬁm?gﬁﬂ@F Fﬁeﬁgggﬂﬂ?gresin is a thernoplastic
pol yur et hane. 1gontadfifg BOVdrRpled OwiRtRthe PolisHiR firfabe of HE HDRShikOpaArdfeidng 19ne or
nore mddle |ayers disposed between the polishing | ayer and the bottom

| ayer, whef@d n the nmiddle layer or layers are substantially coextensive

wi th the polishjng. | t 10 [y 0, &

pol i shing | ayer%n%g%ngg?{egﬁ?%@glrg Igdr% rP%%/&éer {s’8 !hgﬁﬁt(%éc?éb%?t%ga%\éﬁgég}? H(gﬁgeagfaﬂ%ed to
one anot hethereb4 pokstht hegkpiécepol i shing a wor kpi ece conprising contacting a
wor kpi ece with the polishing surface of the polishing pad of claim1, and
nmovi ng the polishing pad relative to the workpi ece to abrade the workpi ece
and thereby polish the workpiece.





