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[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
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[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
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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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[0040] A preferred embodiment of the multilayer polishing pad of the invention
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non- porous. [0057] In a related technique, a
mul ti-layer polyner sheet conprising |ayers containing
waledobatdet pol ymer resins having different phyBCT/EB2006/014674
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mumpdlbng Waly @ 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.



pol i shing pads, there exists a structural boundary

between the first |ayer and second |layer that is
waledoonesd2by t he regi on of pol ynmer overl ap bet weenus1ve6/014674

| ayers. However, other techniques that make use of a

singl e-1 ayer pol yner sheet t?at is selectively

nodi fied on one or both facé‘ to have a different
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[(066] 296n TRICENE560Rb." IR ARG RINRS (A383).2 200 nm
sol1d polishing pad | ayer and a 1300 'mm por ous
polishing pad |layer. [0063] This exanple denonstrates
Tabk®t hod for preparing a nulti-layer polishing pad of

the invention w tSB® requirbingdt he luse sifleBin adhesfveD
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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 24.71/27.63 28.48/30.56 24.15/24.83
Loss Mod. 70 °C 5.533/7.400 ' 5.329/6.869 5.47477.184 5.244/6.513
Tan Delta 30 °C 0.2010/0.2149 0.194670.2155 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




use of an adhesive, in which the polishing |ayer has

an average surface roughness greater than that of the
whoeibanokayer. [0065] Two polishing pad materi BEBUSENE014674

prepared by the foll ow ng nethod. A series of

t her nopl asti c pol yuret hane (TPU) foam sheets (2A, 2B

2C, and 2D) were produced bﬁOan extrusi on nethod. Each

[00PQ) sh&eTabias, the efeds et stosagegnobiRlus (StuiapgMadWEbGthodulus (Loss

r I i / 150,000 . .
Y ol B G, DBl ke gt RS i dh i B i
thform: valug gt firstheatingy vakug @t seepnd hepiivgnas pl aced in an

extruder having a 6.35 cm (2.5 inch) screw di aneter
with a 32/1 L/D single screw, at elevated tenperature
and pressure to forma polyner nmelt. Carbon di oxide
gas was injected into the polynmer nelt under the

el evated tenperature and pressure resulting in
formati on of a supercritical fluid CO2 that bl ended
with the polymer nelt to forma single-phase sol ution
The COM pol ynev sol ution was extruded through a 94 cm
(37 inch) wide die to forma porousfoam sheet. The
concentration of CO2 was 1.7% 1.7% 1.8% and 1.8%
for sheets 2A, 2B, 2C, and 2D, respectively. [0066]
The tenperatures for each zone of the extruder, the
gate, die and nelt tenperatures, die pressure, screw
speed, concentration of CO2, and sheet dinensions are
summari zed in Table 1. Table 1 : [0067] Porous TPU
foam sheets having good uniformty of cell size ( 25
nm were produced using each series of the extrusion
paraneters shown in Table 1. A portion of Sheet 2A was
fed through a pair of nip rollers (0.1397 mm al ong
wWth a portion of Sheet 2B, while sheet 2B was still
in a partially nelted state, substantially inmmediately
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

i nvention, designated herein as Pad 2A/B. Sinilarly, a
portion of Sheet 2C was fed through a pair of nip
rollers (0.1523 mm) along with a portion of Sheet 2D,
whil e sheet 2D was still in a partially nelted state,
substantially imrediately after extrusion fromthe
die. The pressure of the nip rollers on the two sheets
resulted in fusion of the two |ayers to forma

mul tilayer polishing pad of the invention, designated
herein as Pad 2Cf D.[0068] Sanples of the Pads were cut
fromthe resulting sheets and the properties of the
mul til ayer polishing pads of this Exanple (i.e., Pad
2A/ B and Pad 2C/ D had the follow ng properties shown
in Tables 2 and 3. The properties of sonme sanples were
neasured "as is" (labeled pre-buff), while the
properties of others were neasured after buffing

(1 abel ed postbuff).



Buf fing was perfornmed on both sides of the extruded
multi-layer sheet to renove 5 to 7 mls of materi al
wo e@aiidees surface of the polishing | ayer and 2P€DUS2006/014674
mls fromthe surface of the bottomlayer (e.g., to
renove undesirable materials or any skin layer, if
present). In Tables 2 and 321"Side A" refers to the
bottom | ayer of Pad 2A/ B, cL.amvied from Sheet 2A; "Side
B" refers to the polishing |layer of Pad 2A/ B, forned
from Sheet 2B; "Side C' refers to the bottoml ayer of
Pad 12C/ DA mlfinaxer pléshingtia for slgmiggianeckginigal pplishisg spmprivng a
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orm value at 1 rrst heating / value at second
heating. CLAIM5S 1. A nulti-Ilayer polishing pad for
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I §hi 4 . I r: rein the
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deggity; o tsh Hiap 4§ egells persublis pensinierry as dgtermiped hypcaniegel¢gron
micrdsédpgonnect ed with the bottom | ayer such that the

interface between the polishing |layer and the bottom

| ayer is_adhesive-free;, the polishing |ayer having an

aveBage d$be palishing pedypfrdaiy 1, mhereinibg palishipg baereand thedhpttom
laydn acRaoMbriéeepihatity@Mpbid ells haRing 30 evepieicsidatheRa th € in the

i ¢Qgrein the polishing |ayer has a pore cel
Ia&e%§?§$j% greater than 104 cells per cubic centineter

and the bottom |ayer has a pore cell density of |ess

t ham. 104 TE€pdIRhiAL hak tiYlGMAS WhérBRURY Ra SEhSlFSIRAMNE MSer ib%reater
th ni.ng el ectron mcroscopy. 3. The polishing pad o

51aﬂﬁr1, wherein the polishing |ayer and the bottom

| ayer each conprise a plurality of pore cells having

an ayer agge ishin? ip@d Bt Blimi INwhéGinithe RDEF th@P&®nPlaydkIs & than
MPO mm 4. The polishing pad of claim1l1, wherein the Ra

of 't he polishing | ayer is greater than 25 mm 5. The

pol ibshi nghpealishing prdefplam wwbereinthe Reeofithe pdlishing layet is greater
thdrPR58Im, lahd HRFE difiRbodBmier & lesttin POl hi ng pad of

claim1, wherein the Ra of the polishing |ayer is

greater than 25 nm and the Ra of the bottom|layer is

| esd. t hahhepplishing pad of claim 1, wherein the polishing layer comprises a first

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

8. The polishing pad of claim 7, 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 polyvinylalcohol, a
polyacrylate, a polytetrafluoroethylene, a polyethyleneterephthalate, a polyimide, a
polyaramide, a polyarylene, a polystyrene, a polymethylmethacrylate, a copolymer of any of
the foregoing polymer resins, and a mixture thereof.



7. The polishing pad of claim1, wherein the polishing
| ayer conprises a first polyner resin and the bottom

WO 200en1390hpri ses a second pol ymer resin. 8. ThRCT/US2006/014674
pol i shing pad of claim7, wherein the polishing |ayer
conprises a thernoplastic pol yurethane and the bottom
| ayer conprises a pol yner ré3in selected fromthe
group comsé pblishg@hd af qiaimylc ahbemahebot@dniidy&@R@nd the polishing
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pabplinsgdlyohen) @ ny Rn ol efswineyit Atbbaekitbate a golgApMnger of
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prBtsplolfi o, S8 A RA BRIl A, Cpdlatinof e,
pahesexlen ¢ BYltcrvipe. a npbyspeenesaohgnethyiaethacarpfe cconpppliymer of any of
the Gragviig re€iss, ind Smb@Iredierdf.f rom t he group consi sting of

a thernoplastic elastoner, a thernoset polyner, a

pol yur et hane, a pol yolefm a polycarbonate, a _

pol Wi nyiThe elisbing pad pRalaim 9, whetginghe prbeperaesinisigehermoplastic
pobheshmeeri ¢ a pol yethyl ene, a pol ytetrafl uoroethyl ene,

a pol yet hyl enet erepht hal ate, a polyimde, a

pol yaram de, a polyarylene, a polyacrylate, a _

pol yidt yr Eh%polﬁb@gy%@ﬁ%}qlmée Fraidiesqoatpeising oppgiongraatidd¢ layers
digoyedetdag teqlotigindgydratd thl‘é ,bpﬁ(ﬁg 1@\?\?&&1@@?& Hlﬁfd@e{mayer or

. [ Im. erei.n .the pal yner

agegord WsRBt415 LoBARRR ot 0,0 0T SRt RS
Whesein digirergeqiig cortizapus; fages of the pelishing daien middla dpyenes layers, and
thebstnagidlage hegherdisallyiispgiarel. bet ween the pol i shing

| ayer and the bottom | ayer, wherein the m ddle |ayer

or |layers are substantially coextensive with the

pol ildhi ngh¢ pglishing peyd efirdaimds fusthen eywrising Ak eitieere inriddip layers
dispRsdlastvaés tmqmtmlgmusserfaa@ﬁ@ b6iftork ta@tel?%ér%mi tROmidY%EShyer or

priom

LA e LR R I PR O IS,
Wherein fhe Tespediive Rerrtisuosindes phige pelishivg lavst, eniddlel thyer drdgperssand

thélbsasiager RRS QAR biteanklet. Shi ng | ayer and the bottom
| ayer, wherein the mddle |ayer or layers are

substantially coextensive with the polishing |ayer and

t he 1Bot t Sraltsieser pelisbingiread foir phentienl nwshamidal padishing comprising a
poE b AR ayeR 6RFa SrodsRitHR 1Ay ivitGreiPhe bottdth B9EAs bLid¥@htially

or, I a ers: ,angd: he bottom.| ayer are £ sed to, one, .
coffei Sty Pelshing 198 ST e bIREF1a581S s adhesive
freshrelishingdasiennidihe besteini leiwreachoomprisisg agluaalitppipese cells
haPRk laf B bel pRWETiarRt6l iR tHéQM%é%f POt Mnh;ANEPSlisHRE (b halvAg a

botpon1L@¥$r i S iybﬁ&@ngla Iéjcoexte§5|%§: t tge havi
POFOT SHIHA OF gipatr aen” tHat P ARy FRREPPSE RN by Rk fapy having a
poreasedrdsndity of ety €0 feekbeper citdc grotingter, mg détayndneddrycbcanming

clRabh MerbRYFH. each conprising a plurality of pore cells
havi ng an average pore dianeter in the range of 15 to

50 mm the polishing | ayer having a
14.  The polishing pad of claim 13, wherein the polishing layer and the bottom

layer each comprise the same polymer resin.

15.  The polishing pad of claim 14, wherein polymer resin is a thermoplastic
polyurethane.



pore cell density of greater than 104 cells per cubic

centineter and the bottom | ayer having a pore cel
waelewsitidp2of | ess than 104 cells per cubi c cent POBUS2006/014674

as determ ned by scanning el ectron mcroscopy. 14. The

pol i shing pad of claim 13, wherein the polishing |ayer

and the bottom | ayer each c@ﬁprise t he sane pol yner

resin. 15. The polishing pad of claim 14, wherein

pol yiger mHesihnid g ' ur et hane. 16. .The
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iR BRtvighnahg Iéfﬁ’é‘Plgg Hyeind dy hospmdaist. tvhereiuibe stiddiglayer or
layery e salsthntibity doektemsivel vaijtethe poilsaingildyet 1@ the stdlom Ty &ind

: : b tial | i Wi th th
o Bl T e R A S Y S SR o fred foome
alE’gFFshing | ayer, middle layer or layers, and the

bottom | ayer are fused to one another. 17. A

chenj-cal - I i Shi ori si ng:

(2) “% ol g‘%ﬁ”‘?ﬁ%@%&?&%@?@% APRASEIRLTME pad o

clai® 1 aPfasedhetedfalthe rotating platen, and (c) a

car r(ber theglolibtohgisada stk Piafied tdlh@&é@ﬁhhi salw,ialbyh f

contact i : [ i.shi.n o 18, Al od .0

ol iChi ngg%‘*‘aﬁtrh&t%f°2‘%é‘”%éﬁ%%%e§? tr’meg&’égﬁ?dabcytﬁoﬂ’ﬁéé{%}‘e e
PANShiR®PELe with the polishing surface of the poli shing

pad of claim1l, and noving the polishing pad relative

to tike r kpi he wor kpi ece and t hereby

pol illsg h t éh%f?(ﬁ%ptggse@p%%?g{&&ﬁ% %og_ld)rlglingpr oduci ng a

pol i shi nECPHHNSR “erkwiser Vith dheprolishingsusfaessef theypalisking patel

of alaparpasl pol i shing |ayer against a surface of a

porous b ahile at | east ope of the .

Pl shi naey ARl ol AR P Fa® sap Py g workpicce
anghghereby poliehegrkaieseiri ng t he pol i shing |ayer to the

bottom | ayer; the polishing | ayer having an average

sur f,gce 1, . th is greater than the Ra of

thelgbttéﬁ#_Q%giihfggh%égg%%gﬁégd8$d?Fb{ﬂFTgm%ﬁerein
at | east PisHengst surfaes ol nostis nelishingdayenngpinshesusfate offa porous

botawi@dyet whitdat@eakt dhd @ 1RPLNEG! 18yet BRIMhe bottom layer is partially

melted, thereby securing the polishing layer to the bottom layer;

the polishing layer having an average surface roughness, Ra, that is greater
than the Ra of the bottom layer.

20.  The method of claim 19 wherein at least one of the polishing layer and the
bottom layer is an extruded polymeric foam.



