POLI SHL NG PAD WTH A W NDOW The present invention

relates to a polishing pad. In particular, the

polishing pad of the present invention can include a

wi ndow area. The wi ndow area can be 5 fornmed in the

pad using a cast-in-place process. The polishing pad

of the present invention can be useful for polishing
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In a typical chemical mechanical polishing (CMP) process, the
microelectronic substrate is placed in contact with a polishing pad. The pad is
rotated while a force is applied to the backside of the microelectronic device. An
abrasive-containing chemically-reactive solution commonly referred to as a "slurry”
is applied to the pad during polishing. Typically, CMP polishing slurries contain an
abrasive material, such as silica, alumina, ceria or mixtres thereof. The polishing

process is facilitated by the rotational movement of the pad relative to the substrate _



1 as slurry is provided to the device/pad interface.
Polishing is continued in this manner until the

desired filmthickness is renoved. Depending on the
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the window area can be at least partially transparent to the wavelengths used by

metrology instrumentation known in the art. In a non-limiting embodiment, the
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material that is at |east partial |y transparent, or
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ON Cert{ii ﬁ{ ﬁl@%llqdow area or it can be removed. In alternate non-limiting
-embodiments, the 'spacer can be constructed of a material that is at least partially
transparent, or substantially transparent, or transpércnt to at least one wavelength
from 190 to 3500 nanometers, and the spacer can remain in the window pad assembly.
In another non-limiting embodiment, the spacer can be constructed of a material that

may not be at least partiaily transparent, and the spacer can be removed. In a non-
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limiting examples of suitable materials for the first layer can include particulate
polymer and crosslinked polymer binder such as described in International
Publication No. WO 02/22309; particulate polymer and an organic polymer binder;
sintered particles of thermoplastic resin as described in United Statés Patents
30 6,062,968; 6,117,000; and 6,126,532; and pressure sintered powder compacts of
thermoplastic polymer as described in United States Patents 6,231,434 BI,
6,325,703 B2, 6,106,754 and 6,017,265. Further non-limiting examples of suitable
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first layer. The percent pore volume of the polishing pad can be determined using
the following expression:

% pore volume = 100 x (density of the pad) x (pore volume of the pad)

wherein the density is expressed in units of grams per cubic centimeter, and
can be determined in accordance with ASTM D 1622-88. The pore volume is
expressed in units of cubic centimeters per gram, and can be determined by means
of an Autopore Il mercury porosimeter from Micromeritics, in accordance with the
mercury porosimetry method recited in ASTM D 4284-88. In a non-limiting

embodiment, the pore volume measurements can be made under the following



% pore volume = 100 x (density of the pad) x (pore
volunme of the pad) wherein the density is expressed
inunits of grans per cubic centineter, and can be
determ ned in accordance with ASTM D 1622-88. The pore
volume is expressed in units of cubic centinmeters per
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can comprise double-coated film tape with release liner which can be commercially
25  obtained from 3M as type 442 double-coated film tape.
The thickness of the second layer can be chosen from a wide variety of
thicknesses. In alternate non-limiting embodiments, the second layer can have a
thickness of at least 0.0005, or at least 0.0010; or 0.0650 inches or less, or 0.0030
inches or Jess. '
30 In a non-limiting embodiment, the second layer can at least partially
distribute the compressive forces experienced by the first layer over a larger area of

a second layer. In a non-limiting embodiment, the second layer is substantially non-
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Whplaharaad resileds th@ﬂﬁhufaét@nﬂ?[/)ltdc@s m&%g&%@@ bk H@v;ce e.g.,

second | ayer, can essenti al conform t
matenieandpctor b’ﬂfcr)cmg m@.udn smngaoéh@ghtt hwhizhtcan aelehstipagially
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surdAge siifacelofithe Wfer 51%9.% l"ﬁ@'i)bﬁk i %:Ri @%Bﬂ?ﬁh y cﬁﬁﬂ'ﬂ:l various

of the. manufacturing process. pography o
d deighes C(fe;h‘g surfacsetrgc dn@adtsmndmﬂgrs)omam waed(s)de suth that a

- Bt PR o7 SRl B o iy Wt ok e ol o
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waf er all ows the pol to su
cOomaset surface ofithe We:grtmsrenﬂt ih lpel;ﬁuﬁé oal§, meslg'facbhﬂmc wafer

P FRC P Rtongel il P vupfhcicatlbpadi o & (chigh poimes Gfhe esks of the
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t e Rlistingpad cavrehaeurpblitied orahlangwdd! es ul tin
polishing only the surface of the wafer that is in

cont acfs #pad-hereig the term CEesibility e(lﬁa‘dfcrsetogtht: inveesehielationship of
pﬁk%&nﬂ rla);cl? %neﬁﬁgsscu%cd hk} and the flexural modulus of the second layer
matenal (E), i.e. F = I/PE. In a non-limiting embodiment, the flexibility of the

second layer is greater than 1.0x10* in”Ib*. In a further non-limiting embodiment,
the flexibility is greater than 1.0x10™ in"ib".

At least a portion of the first and second layers comprise a window which is
at least partially transparent to wavelengths used by the metrology instrumentation
of the planarizing equipment. In a non-limiting embodiment, the window can be at

least partially transparent to at least one wavelength in the range of from 190 to



wave(s); and the | ower heights or the valleys of the
wave(s) which cannot contact the polishing pad can

remai n unpol i shed or unplanarized. As used herein the
term"flexibility" (F) refers to the inverse

relationship of 25 the second | ayer thickness cubed

(t3) and the flexural nodulus of the second | ayer

et .
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c utW'Pg*@W afeadbat i3 afsevwd@ahsnvém %Pla'euwﬁfffav of A pgtishing or
f ur, [
PR ook dR l R pEPaAly Tolbbpar oo BRADAMERR 1881 fna
15be nhesrodegy. sylsenpoft the ral € Thas)-the sizé and)shape efithecipening and the

the o enln can be produced in each |ayer prlor to at
| el PRgPMran o Wil kasehien theadypeadfaali b g plpnaiin (ool

th ayer, r
renati e O

s h ﬂmeﬁntsolager:amt the sevand 1ayer pitlies priomiaaidedseperialli abnncstmg the
enti al lé,ralcplgned with the platen w ndow of
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D OYERR Of g Y68 hRYS brgnah Iast AEIAY coBBRStedy ¥FINE D) P{AEF
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20 MSRRSGHL s s VN ShS Slo B A Bld RhELENY v
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based on the type of polishi n%c pl anari zi ng t ool
enpl oyedhe Fweashem. @ dogagian of tqpﬁgma ibtheifirshlaxer agd second

2DRIHAG RN & sbodsBhits ifiCk AP s Flenfibl. 1na
COofREhinititg éifodihéntes Mipfa PSR, bﬁumyk\dmmﬁms Inc,

at least partially connect'ed, usl ng
25  Santa Clara CA, can be use wherein the shape of the opening is a rectangle, having

a size of 0.5” x 2", being positioned with the long axis radially oriented and
centered 4" from the center of the pad. The platen for the Mirra polisher is 20” in
diameter. A pad for use with this polisher can comprise a circle of a 20-inch
diameter having a window area located in the area as described.

30 In a further non-limiting embodiment, a Teres polisher commercially
available from Lam Research Corporation, Fremont, CA, can bs employed. This

polisher uses a continuous belt instead of a circular platen. The pad for this polisher



20 Model B die press fitted with dies of suitable
-size and shape, commercially available from M

I nstrunents Conpany, Stony Brook, NY. The size, shape,
and | ocation of the opening in the first |layer and
second |ayer can be determ ned in accordance with the
CNP equi pnent enployed. In a non-limting enbodi ment,
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par'idely} yin adgiondimisiag embodiment, the spaggicesan beronstpygied of 4 material
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vari et novvn e art

1smatean babsnmatoumflpu@esthuﬁlnar I gemerd] thie tsizél ahd shapeaditheespacer

-materials such as adhesive tape. A spacer can be
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construct ed o np yester film In general, the size
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NOGs ok uch Mt SRCRttoSition of B VORRGR théFes is minimized. In another

25  non-limiting embodiment, the amount of resin used can be such that the resin level

30

is flush with the polishing surface of the pad.

In a non-limiting embodiment, the resin material can be selected such that
the resulting window formed can be at least partially transparent to the wavelengths
of the in-situ metrology instrumentation of a polishing apparatus. In a further non-
limiting embodiment, the window formed can be substantially transparent. Suitable
resin materials can comprise materials known to one having ordinary skill in the art

that either is at least partially transparent or can be made at least partially



| east partially attach to the material used to sea

the opening. In a further non- limting enbodi nent, an
adhesi ve tape can be used to seal the opening and the
20 spacer can be at least partially adhered to an
adhesi ve portion of the tape. Follow ng insertion of
t he spacer, the opening positioned/remaining above

t he spacer nFe.fiIIed fﬂ? a.resin terial
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ap ur n 30 Li.m.ting enbodi
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P'-car boxyfunctional acrylic resins
cr 055' 'Iﬁ'ﬁ%n%rﬁf‘ﬁnﬁ@ﬂ%@hﬂcm 4R fn ﬂﬁl\:ﬁﬁl@aﬂ% ris€ Riné-
resins; urethane ~systens, suc roxyfu tiona
a(mm:nzcted ehgomcrrsush hs NERSALINK lﬁijbywhdl: isaooaimercihlly available

5, K P RAEHERTG, UL ol it SECDIZA e cmea
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WpfeBent invention can include various conventional additives known in the art. Non-

limiting examples of such additives can include but are not limited to light
stabilizers, antioxidants, dyes, processing aids such as but not limited to wetting
agents, defoamers, and degassing aids such as but not limited to silicone surfactants,
and mixtures thereof. In alternate non-limiting embodiments, commercially
available silicone surfactants such as SAG-47 and COATSIL 3501 from OSi
Specialties, and GE-SF 1080 from GE Silicones, can be added to the resin material.

In general, the amount of additives used can vary widely depending on the particular

10



mel am ne-f or mal dehyde resins or with polyi socyanates
or wth epoxy crosslinkers, and mxtures thereof. In
a non-limting enbodinent, the resin material can
conprise am ne- term nated oligoner such as VERSALI NK
P650 which is comercially available 20 fromAir
Products and Chem cals, Inc., di am' ne such as
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COATSIL 3501 from OSi  Speci alties, and GE-SF 1080
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¥ et rendst i R?ec%fapeé%ifsﬁr ﬁ*ﬁﬁ@W%ggmlwswgfen%Jw In a non-
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b t °
ST RpodiSat, B mEeaERF canhs 155 006 o Bt bnab 125 or
. nq}dﬁﬂﬁ"@id W@gortmﬁn 1080 LRI difftin § 57T 10EBIIORCT & f863h 22°C 1o
. for a specified amount of tinme at a specified

tedPeiature. The tine and tenperature used to cure the

wi ndow L and depend on th

Feai n o0y Ve e 81k 18P, 155 Sheband e RS FEE G was used
2010 1@scaVii dpl:ﬂiﬁ§ Céit BeCrefo9SE NrSHCAle A ndllfintiGy Embiliment,

not tacky or sticky to the touch. In general, a cure

t efglloveogithe cuang lstepconly dhe adhesive tape cambp removed. Ina non-limiting

defo%tl on of e w_ndow whi ch can_be produc d, due
t 0 “RORLmEDt, é‘PFp B i areg cabbye made enplangs Witlythe pad work

tusfng E"ﬁe{?"aﬁg"' noper abl e for the purpose of

na non
In a non-limiting embodiment, a third Jayer can be at least partially

1

o

25 connected to the second layer of the polishing pad of the present invention. In a
further hon-limiting embodiment, one surface of the third layer can be at least
partially connected to the second layer and the other parallel surface of the third
fayer can conta'in an adhesive such that the third layer can be at least partially
connected to the base of the planarizing machine. The third layer can be referred to

30 inthe art as a subpad. In a further non-limiting embodiment, an opening can be
produced in the third layer and the adhesive layer which can at least partially

connect the third layer to the base of the planarizing machine. In alternate non-

11
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, limting enbodinment, the cure tine can be from 30

m nutes to 48 hours, or from18 15 hours to 36 hours,

or from®6 hours to 24 hours, or from1 hour to 4

hours. In a non limting enbodi nent, the cure

tenperature can be fromOC to | ess than 125C, or from
5Cto 120C, or from10C to 115C, or from 15C to 110C,
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non the.r tin ndow ar ea

o okl Mo SO Pl i B I a5 scone
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t he hegdRRnd layéhapfsfand lsize o6 ithestpienipgpad vwrfgb ddgenmnga»anﬁc polishing
n rt mit nt n

sur Foun Moyl & ard iolhEdesPhed feun, i agigher rﬁruma&gi
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suc H’"@’I’Patestmatthalrmdlcam tocfann laeasttiniptaas winddsw hrﬁlﬂe%’pad using the
e planarizi ng machi ne

onagr&\t‘ed to the base of

l?hlr (And Progsss ‘?Se'?rg}"l”g y dgscaibed herele art as a

subpad. m t

openi ng can aggkh%{%%@ In t’#&?}{g q%%{jg\ay"eﬁc gﬂ% 1P jgerease the

adhesfaraityagyfeontabt mmmvolm padadnd ithd $utface QT RRCiubstrate
to,the base of the planari zi

t he irdla n
nac'f1 TeE0E, péfss’g\gnét COnsration in Fﬁl?‘i‘ﬁg thersmater lﬁgfwghc third fayer
OPaan't Widthdt e AP Earl BroVide cbinbfihnt sSREANS B Sydek kicdace

| ayers either prior to or

1 5c or(ﬁegct ihngfmsweyefr) ofthe paliching pad h&h tm@ﬁlﬂﬁblisﬂ Napet@ssentially

% geon er to the third |ayer. The opening can
SBRFER P B TRAPRPPY CoPCg o6 amEcim pRSfasp o thayeiaroaibronic
f| rdat,,clg@,yﬁlrg gheghe opening in the second 5 layer. The
openi ng_can be produced using various nethods as

pr evi oudlhg thigkeass bEthe thied biyer caiise éHocersHidns amg:y? b fhicknesses.

of h ni n can var dependlng on the polishing
Zﬁ'ﬂiﬁ&ﬁf Mhaél thegesyiaat padraanrbe pmpealy mounted on

ST e e

25

30

vv| sdlected auchrthareit eani prbvide domplisal stspokOb M work surface (e.g., the
ﬁf:ﬁ‘ #qygﬁsof & \émgl?sg%gatg Q& &?éjrg Egﬂlt whmg dayelnear estentially
conform to the macroscopic contour or long-term surface of the microelectronic
device being polished. A third layer that is too thick can result in excessive pad
compliance which can adversely impact polishing uniformity; a third layer that is
too thin can provide compliant support to the work surface which is insufficient and
can adversely impact polishing performance by not allowing the polishing layer to |
essentially conform to the macroscopic/long-term surface of the device being
polished. In a non-limiting embodiment of the present invention, the third layer can
be at least 0.020 inches thick. Thus, in alternate non-limiting embodiments, the
thickness of the third layer can be at least 0.040 inches, or at least 0.045 inches; or

0.100 inches or less, or 0.080 inches or less, or 0.065 inches or less.

12



In a non-limting enbodi nent, the third | ayer can be
used to increase the wuniformty of contact between
the polishing pad and the surface of the substrate
under goi ng polishing. A consideration in selecting the
material for the third | ayer can be whether the

mat eri al can provide conpliant support to the work

surface bl . ' . er) _of .t ol i shi ng
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A tientbrl capeinclidia thisd fager Witk banCevingre WaturAltubber, synthetic
EXCeSS| v ad 25 corr?l i ance whi ch can adversely I npact
polt E’ﬁﬁsng’cﬁﬂPP'a?‘m elastomer; py esgentially resilient foam shego  Thé material
c j 9] I t wor k_surface

T e iRy COOR teBimad BBk W& plrdficdR porans stspceore. The

pakdreid Sgicpere tan baopsh doYl, Blobeddel 10V BmbiRstidHR! th&rBb MNon-
Ing%sr. to essentially conformto the
1og sxaraples ph synghetic subliesg inclyte nerpreeviubber silicgne rubber,

' Sg Lt Qe di pen t he present
P?\]}!eﬁta on. bgt't E.Erﬂd& F%%@ caWE%SI' gﬁtyi‘fu%fbgﬁﬁolﬁ)_umm rubber,
| Pohdsoprénieaiabbery BEDM Dolyhiety, R6réneltuitadiéndi dopB¥mers, copolymers

e

en‘?og{i nts, the thickness of the third layér can
at®'F @1 £81] Kiewbacetags, ngopreae{xinybnigdls risphemeand or

0, j 080 i nches or |ess,. or

o ehTEPEMISER fbber. Mordliiing dafiRfes B il glastomers
t inclutiel pojylefimn polyesterd epdlydmiaéss poBfurdthdtiet S8EH £ H6 based on
woven or woven fiber mat, i.e. polyolefin, polyester,

pBPYstheEsand olyssiers, japd Fopedymers themeafh Non/Bmitmrexamples of foam
i ' resin., .,The fibers can be staple or
& SR h 3t He'uled el Tk i 41 et Rheviny acbuas sheets,

Neuehl ds nhdsk vehi€hk A@RoRBNreISiy 86 1ROB THRY |
ispngvggnat ed with pol yurret h)uaﬁ‘gm ggedescﬁe%lfe%b&ﬁ?% Ieng

. mpa@b'qq; erihylpgi ygmzacic_tate_esh_cctp ang polylbthgla?e foam sheets, such
. {. -1,

CARERAER ot pammEish) sl s SeRtes Baotusise Hvomsis

Spitpurethahe/foahi SHeeEO8Rh as h{b%% u@%ﬁ c&ﬁme}%algrf Ivt%altglﬂg ‘from

non-1imting enmbod nent, I'ng pa
pilibaskt Inc., Minneapolis, MN; and polyurethane foam sheets, such as those

which are available from Rogers Corporation, Woodstock, CT under the trade name
PORON.

In a non-limiting embodiment, the third layer can comprise-a material that is
softer than the polishing layer (e.g., first layer). As used hcfein, the term
“softness” refers to the Shore A Hardness of the materia!. The softer the material,
the lower the Shore A Hardness value. In the present invention, the Shore A

Hardness value of the third layer can be lower than the Shore A Hardness value of
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invention can include a third |l ayer which can conpri se
natural rubber, synthetic 10 rubbers, thernoplastic
el astomer, or essentially resilient foam sheet. The
material of the third [ ayer can be foaned or blown to
produce a porous structure. The porous structure can
be open cell, closed cell, or conbinations thereof.

Nonpe Fil l‘sm:Iy'ng 1§ % 30R! llﬁﬁuﬁﬁeeﬁﬁmlﬂl@ﬁﬂ ?h(:r %q%v%r Afh a Shore A

neopr ene rubber, siliconé rubber oropgrene ru
et t}yzlrdnnss pf atplpha né. rin bhelmazchmylmmug) baibodmdnyda lulicashcﬁél @.
| Soprene rubber, EPDM

bb ol I :
<t Heasiesn ot feidied isp ey A 8oty °rs%?s§$@mﬁws The
an%gg}c’ X Ha Ehﬁ%é 8?&%;@%%«%&&@ raﬁ L I\E :}l enlna?ti noxblumtmg

5ex ambbemants tlhfﬂliﬁi@ lAeHbidhe s FSheORRE &yet &4l BAE00 or less, or from 85
pol yol efl ns ol yesters, polyam des, pol yurethanes

suéhleg § Blasdngsoean beolejsminedsisingcr pasice of msgumamnon and

T e o
et Bjibrene Hardijtks edifbedineastilsing a S8 “ﬁ?é RosBuithictd: havmg a

are comercially available from Acor hopedi ¢ | nc.
Cl Baaimusg indipdtor (aéallayleeﬂﬁ@nvwhoembmwc @dEGafa@., Inc., New

10 Co i TG O oty he Br&R R rerieaia A D 2560. The test
"'yﬁﬂﬂioa foMNdhore Hﬁr&ﬂsﬂrﬁﬁﬂ@s fiﬁ%h&ﬁﬁt%h%f aPAptlicudar t&ﬁ?&ﬁnﬂcntor

whi ch are commercially available from257111bruc
| nbr;mg fnrmtbmpmmesnaml usder gpetified evrvbitianst GEhe leindress can be

o iRVt ot 1o B TEEHiop dePi Spadie pidness can be
%dénﬂ oft tROSadticThodues ABVLORGIc behBfiof B 1 thal¥el tested.

can'conprise a material that 1s softer than the

15 pol i shilmg hensBmiting. gnbodimcmmf irerypredent iwentiong tlhremeienal
the term 3 "so ness! . refers to the Shore A Hard
of CYHRESHERaF | EFP{%' Udhe eplishing l?i’&tcéfludﬁm‘“‘f"lﬁ%aPBWB’F“S"“'“Y

t hBa SO @FRued dﬁ{ @8 %§§1p¥e§§:5ﬁrty bf‘lhE l?ﬁal&ﬁf r%@ﬁPrlklﬂgQﬁE fidp layer As

the Shore A Hardness val ue of ayer can
| owsed hededm thmt!:nﬁﬁ‘@nmpksﬂbdmyfbsfemad the mfceilemlthfCDmptembxllty
the thir

'afﬁcw's{la? SRB% e bl Yo b fomBTCsSEAaY of he igd Thver is greater
| t
20 ELOGE 0B ECHAT L OB SO BER s ST g

0 rcnitmdrmem,r the ipervedbvdlaome dompiessibifiosfthé tiidad pesscandie less than
the first |ayer can be at least 85. In alternate

ncdfQ-Bersent when 8 leadf B0 Rshissappliee  Bha fusthar pan-dimstiag embodiment,

1 3@ _ I’g{%%& é) 0% r°3'?¥@§§ﬁ’é'i‘?fo°é gﬁedt@{réﬁ?ﬁcﬁ fgalfl &g Iigﬁg ﬁgan 19 | percent

Vaytientaylofd of O pSiUSRPPIRE] 6Flesd'Wlan S percent when a load of 20 psi is
25 applied. In alternate non-limiting embodiments, the percent volume compressibility
of the first layer can be less than the percent volume compressibility of the third
layer, or from 0.3 to 3 percent when a load of 20 psi is applied. The percent
volume compressibility of the third layer can be determined using a variety of
instruments and methods known to one having ordinary skill in the art. In a non-
30 limiting embodiment of the present invention, the percent volume compressibility of
a layer of the polishing pad or of the polishing pad can be calculated using the

following expression:
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met hods known to one having ordinary skill in the art.
In the present invention, Shore A Hardness can be
neasured using a Shore "Type A" Duroneter having a
maxi mum i ndi cator (avail able from The Shore Instrunent
& MFG Co., Inc., New 10 York, NY), in accordance with
the procedure recited in ASTM D 2240. The test nethod
for Shore Hardness includes the penetration of a
particular type of indentor being forced into the

mat er i aljpgndgr s pﬁgdw@gpﬁ%ﬂbﬁmem?ﬂ heo1iiaé dRES oSN

be descrlbe as inv y relate e penetration

dept h and t he har dness(mdrvoheme wepandeas®t} on t he

el asti c nmodul us and vi scoel astic behavi or of the

material tested. 15 In a non-limting enbodi nent of

cthe pre V& i g :
el P s ol 5ol BEE) hen QRTBAL 8920360 i s
coapiteginhhe piegedih@ aduatidn Gorewilerne torapresdibility may be expressed in
conpressibility of the material conprising the first

| afesms of\pad H%@@eﬁé?r)'e‘ihﬁ foljayeng E¥RFESSEWrpr essi bi | i ty"

refers to the percent volune conpressibility

measur enent. Thus, the percent vol une conpreSS|b|I|ty

of the 160 r dx| ayepad Shigkmad @ith@fl lddapad b hickaess @ntler load)

1pVol ume conpressi bi I ity tlibiehetd ﬁ,ﬁhodtq(yﬁ? In a

non-limting enbodlnent t he percent vol une
conpressibility of the thlrd | ayer can be | ess than

20 per Chid nohimiting @ntsbdihert Dthe pad itlacla&pi tacgenkrally be determined
further non-limting enbodi nment, B?ﬁioercent ol une,

colpplagiog 3ilpad (£ 2 4 ma%whﬁdwerthfc sanleand feasiring the
f 20 |
PGB in MR of B8R as el of e 1B, e Bfestifention, 2

15 al MRftILEIBAonid Idicakg, maiaadmremzss tirebpesede ﬁrha/mﬂiamer has a

25

30

conpressibilit of the first e/ can be | ess

t hepinge ety Gerbwhishsan be | qgieql at gnesnd; with 2 ffa aontact inder
! avx'ﬁlch ﬂ?c e%afdrxgﬁ\ageég e ?plﬂ(‘ﬁ% GGh be WRED 2frnk QR Rhd %gthf:hsﬂcwcc for

ercen volurme conpressibility of

t hipp@xhgﬂyﬁbtlfibaﬂodm t6l eHeatontaneakren, Ssudly afa balanet pramWhlch accepts
instruments and nethods known to one havi ng Loy di nf
the. ad pulting

s kgalibragd ‘Fﬁléh(ﬁr {The|Ipdigatapdisplayy thedisplagemasi |
ﬁ% fa es Yoa'at "ﬂ{é ﬁ“é‘\@g‘f’p ﬁ#ﬁl?ﬂﬁs Fggi r?écscntétwc of %nchcs or

t hlﬁlmﬂlaﬂeﬁd‘“ me E&dtr@:ﬁa IRfcaié cudlbatmshinksl (Srga Mieutoyo Precision
follow ng expression: 14 100 x (pad vol ume w thout

| daxanjte Stand (o provideouability ayile takoing ﬂmwﬂremwﬁe ulhg Bieasl

( edl@CﬁSQ%a%Eﬁs 8{1%% helgpc%lgﬁ 90 Sui) ?)grtrm st%ﬁcéi\{%?_gat 1 sﬁ g@?dfrom

iegdr'@tddgé‘. TRE sWTALLITE (RO GntleHiat ahd/ pitaelRivef ¥ RuAR Rt area to
permit uniform contact between the test pad and the flat contact. The pad to be
tested can be placed under the flat contact. The thickness of the pad can be
measured prior to applying the load. Calibrated balance weights can then be added
to the balance pan for a specific resultant load. The pad is then compressed under
the specified load. The Indicator can dlsplay the thickness/height of the pad under
the specified load. The thickness of the pad prior to applying the load minus the
thickness of the pad under the specified load can be used to determine the
displacement of the pad. In a non-limiting embodiment, a load of 20 psi can be

applied to the pad. Measurements can be made at a standardized temperature such




U‘

terns of pad thickness by the follow ng expression.
100 x (pad thickness w thout |oad-pad t hickness under
| oad) 10 (pad thickness without load) In a
non-limting enbodi ment, the pad thickness can
generally be determ ned by placing a |load (e.qg.,
calibrated wei ghts) on the pad sanple and neasuring

g R Rpt b BRI B B E3H B o

El epbeap).go¢ Nqintahethod WP HRksulins chikibfess EA T
i ndi cator has a spi ngNg orsutﬁrgea’ded rod bv\‘,%w)ifp é?@%‘%yﬁad
fi tsamgleatr tonepadrlayenishple. f | at contact under which the
pad is placed. . The spindle can be flt%ed at the other

end witHra r@e\m'émg@mboaﬁmﬂy JRyossEG qréaeals*@ra@&p%reemwelume

CoRbA 1 3 B PSRt DTGB i o

di smixm&man’eacpierbhertﬁadntaeﬁdahtthﬂgb&ﬂxs‘ca QFiY dRPIpstinetntfifed on
| oad. The Indicater display is typically
repli\ee&rémmtwbumer ithecenasach with the ¢deewf dhescomaes at least 0.5 from

{ b ut
=, 551 0 6 o S PAAL, KRR B byt e an
t akpdamxérhmldmaﬁuﬁm&hﬁ:m ddvebel ket Aler 5A4-rRNSESHAS. Without
the pad can be sufficient to permt neasurenments at

10| emgying the spechnen amthe ednfact, IHECient veight ain ltemidp@m thgpan to

orHes & (AP sF 2D st EaherarBlie sl bRl Y icbobihaty R reading
f 1 fdr thOSpedfihien thR&nE3GnH& 1851 mbStirQHerft 3B BE nRU2GAEr 15 +/-1

under the flat contact. The thickness of the pad can
besecomdss uTlmjmpmmmm pegspiiyre egn bé eepeatad, makaing fivetraxisurements

oL pUER Rt 8 R AR 21 el 3655 "

15 t NefmpressVesdagd under the specified |oad. The

20

25

30

I ndi cator can display the thickness/height of the pad
under 3 & hen-Epdingfdamhbdinoend. theipelishing karbefsthe preshat ipwehtion can

[ yi he | t hi f. th
D18 Ao B ket et B8 3 rebePd BV e ced e sgeond
t h@yerit ?&E@ﬁﬁﬂﬂm cohediBf 1A third! IQyéi' e ﬁcb&ﬂdt I of hthc polishing

enbodi ment,” a | dad of 20 psi can be applied
paphd ok ashasenientier oafiuid dranspebet tgweensthe digst lajier add lhc third layer.

t erature, such 15 as.ropmte rature. eneyal ,
oHRS T & FeRACTHIiaD ip sclbing BF maeriALGORRLIG g Sbepyayeér can be
+/

@ i SpETRA: B pEVAR ihd Picbi ok BEASI AR Trom the firs
| dayer into-the deindi lagere rihadmmmhmng cmbochﬁtbnt ahé second layer can be

neasur_igc? ercent volume 5 conpressibility can include
pI“QEWPHE wgterigh which i ﬁ%%‘?%‘bfl‘{“é’c%éleéﬁdheaﬂ? ishing fipid such

t rlﬁat the third layer does not become substantially saturated with polishing fluid.

In a non-limiting embodiment, the first layer, second layer and optional third
layer of the polishing pad of the present invention can be at least partially
connected; and an opening can be produced in each layer either prior to or after the
layers are at least partiatly connected to one another. The opening in the first,
second and third layers can be at least partially aligned with one another and at least
partially aligned with the platen window of a polishing or planarizing tool.

In another non-limiting embodiment, é three-layer pad can be constructed by

at least partially connecting a first layer (i.c., polishing layer) to a second layer and
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indicator to read zero. The contact can then be raised

and the specinen placed on the granite stand under

the contact with the edge of the contact at |east 0.5"

from any edge of the specimen. The contact can be

| onered onto the speci nen and the specinen thickness
nmeasurenent can be taken after 5 +/-1 seconds. Wt hout

10 novi ng the specinmen or the contact, sufficient

wei ghleagtgiaripdlyasdinetting thd\coidlayér toeativd layek @€ bade 62Qubpad).
psi to be applied to the specinen by the contact. The

r eadi adurthesrmontimisipg embediment, &8s dismgtar SWA 1V subpad

nmeasur enent,. can.b dejafter 15 +/ - T RE
TeactarE R RaRs R BRas Inchotpdcar CARTR e B taver. &
e ahEIWEBpshingéantid dud 1D thePRSt, tsb &I 200 thid@ 1ayBACIs MR ribed

at least 0.25" apart using 20 psi of 15 conpressive

§ or peavidustyshemein- | iImiat furthe renvpeliinitiog tembptisngms| the lepergnghean be

of the present inventiopn can include.a first |ayer at.

e aSESRH B o FRPEoRATiNS Dergons Gk Snd 2Ly demeRipERe with the
Secong axLﬁ%@faH?%ﬂcﬁ@ﬁtﬂn@%&éﬁh l4y frh RiieClefifr bO i gl I th alternate
| ayer.” The second | ayer of the polishing pad can act

as aobHmitey emboditnents, the apapog tarbiet ow éntotthe SUBASEY pad prior to at
| ayer and_the third I_a&/.) 20 Thus, a _consi deration

sel leapimagiallicoRRecng i) b cPad Fyer. 08 LI ORHPE P cubpllowing
172 10 PR OBt lonk Sop RISy gt

i Nt embddEmED, Kk fiRy Riyer ¢an tie idenst pariiiliyngprasdted towhatsecond layer,
the second | ayer can be _conprised of a materi al

whi ch.
i s eneRanmEranbe b ntadhedinst and serendlgysraassargply (e deletsefiner of
th t ' Lall
o B b8, B (RSSESR BB i o
enbpdtingnionnetiahé secohd Iy eto the SUBAIIV ayigyadaniin opnirgnzin be cut

third |layer of the polishing pad of the present

15 nvisin the subead prior 4e of afier atlenst pagiially conBegiing;the subpad 1o fhe first
openin r i : ' r | 9 all
or -l e S1abE Bad Uy, TnERpbKhe Shirhl caR LR 1k partally
t 0 slippe@Rothnhé oplity Re fiRg and sédoad flayest , A spaeonah bmihserted
third | ayers can be at | east garti ally aligned wt

h_.
oneinimibe peenias of the asesbly. FMAIHe PPANSALOVE ficpacqroAn PR dilled
pl at %Fc\%nnpooﬁf\)’n%f @ilﬂgl”lr?%g%mn%ﬁiy, @éa@?ﬁw@r gt ool. In

anot non-Timtrng e i men ree-layer pad can
2(0e constimuGbier Ryn-liglitingcanboddmedt] fel windowRas be figmd in the first
first layer (i.e., polishing layer) to a second |ayer

andandisecend layersassapalrly asipreyiovshydsearibed herein, and mmﬁrﬁwer
norioplaling ap Siepe e en B8 68 pEHDR Ebanecthaf s fs i second
su blﬂfeq as&%ﬂgF Eﬁ‘éhatﬂtyth@)ﬁﬁédiﬁ%lrﬁhé E8A RS at least partially aligned

or porate t A

I nc r can conprise e third layer.
with the window in the first and second layer assembly.

25 In a non-limiting embodiment, the first layer of the polishing pad can be
connected to at least a portion of the second layer using an adhesive. In an alternate
non-limiting embodiments, the first layer of the polishing pad can be connected to at
least a portion of the second layer and the second layer can be connected to at Jeast a
portion of the third layer using an adhesive. A suitable adhesive for use in the

30 present invention can provide sufficient peel resistance such that the pad layers
essentially remain in place during use. Further, a suitable adhesive for use in the

present invention can at Jeast substantially withstand shear stresses which are present

17



wi ndow openi ng can be cut into the first, second and
third layers as described 5 previously herein. . In a
further non-limting enbodi ment, the opening can be
rectangul ar in shape, having di nensions of 0.5" X
2.0", being positioned with the long axis radially
oriented and centered 4" fromthe center of the pad.

I n alfigs Bat ;ﬁ)rglts%‘iﬁg o t b@ﬂ@lﬁg\/ﬁ gpt%gés%t ﬁci?regaﬁ Q?n:%isl?& substantially

can be cut r1or

par résat kheminninadirhoiguid ddgpadatien a@ﬁﬁ?dsd PRy adhesivé Bfh be at least
openi ng. can be cut followng 10 at |east partially

conA#tiEllygprlicd "rsmgsqonvw@aﬂdccdmuphknwn toye skillpg aalsan In

" cashr B8 E Rl e v i B f BistFafiy appiied o

mpemcngwaasurﬁee efithei fitsayeiQant Inlieslippap SurFRE P thd B¥ERd layer; and/or
assenblg the release liner of the second |ayer can

be Memgdiesave candetan deastqaosally appliedioibe daweriserfacedr the sabnd layer -
Iea rtially co e second | ayer to the SUBA
rgdb ppe&r?u %%?‘2‘8 @H‘H’[GL& Tcut 15 into the subpad

prlor tO{‘]Q:_r dnktioE :
subpad to the fi rgfH béaﬁgﬁéleggﬁdﬁ ??}%ﬁ&@?&lﬁ%&ﬁﬁ fiterials known

Th elﬂdbfemlﬁ.nglCh ras bhens lliupa:d tc aontha adhediveasprepaurd seﬂisitiyc adhesives,
i gned t he enlng in the first and second
y‘gﬁ“ wﬁ”agﬁ @E{ﬁnﬂb Jhesixes, dhermpplagic aibegiyess apgd cypble

]g heydResifeEbbien @%ﬁﬂ&?ﬂg@gmﬂ%&v@ ONBn Eﬁuﬁégfag{}alfsa& sBftable

illed wWth resinto a W ndow a:
deswucluad aﬂlmenicn caliZBe thosa ﬁbhﬂiolylﬁaﬂlhmdheﬂges and epoxy resin

i nent, ndow can be fornmed in the first and
e AaREFNeRy Bichs tiisp bgsed onhe Gty e ef bnmlunﬁbAe.prhmumg
e e

15| ayed aaaﬂmﬂvbigyesnc [Suithisie elabromerie pblj@dmcztrf& ¢Hoksértifrom natural

20
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ayer. i s at ast partially aligned wth the w ndow
| et s, cBEtrmied mper SOBETHY lenp5pall(vAmy1 alkyl echers),

nOQnJ b Blihdsi\@s S

pol i Shl ng spaa canwb%ﬁ%%snﬁg%t&ééfbnk ﬁm ogagec[)hrytllxgﬁl acrylate

of anhacrgbe acid, blagiecopodyinmgs archaﬂhq&emebutidiemstﬁ&che,rmtzﬁxmms
F Ilrpti ng enbodi nents, the first [ayer of the

po

M'ng pad can be connected to at |east a portion

of t he nd | a C he .
connect ed tH {g,{j yﬁ@a 'ﬁ&gj pot ?(ﬁm%s"& sf%%vf tﬁ%Bﬁs'Yeaﬁ?g be applied
US tongysubistrad RSTRE 48 -organid$dlvdak Such3RSIMER: driexHRE dr Frond'£ water-
30 present invention can provide sufficient peel

r ebased amulsion arHrem atmelh e Ap aised hieyeins “has sudnadhesivg” refers to an
ace dur Furt her uj t abl
ety Spprif, & s e Femaptestispufl shocan by pested 0 a
| emel, e ai Bkt bﬁl'ﬂali% ‘ﬁbﬁl'ﬂ:iltt@ BGubRAR aﬁsi f@ﬁﬁ esbldﬁ‘ﬂuﬁﬁm@ 'ekamples
present 17 during the polishing or rrzation
prafcugable hat melt adhesives wnbea;tholsm&bumh&émtmﬂl dcgtate

copolymers, styrene-butadiene copolymers, ethylene-ethyl acrylate copolymers,
polyesters, polyamides such as those formed from the reaction of a diamine and a

dimer acid, and polyurethancs

In a non-limiting embodiment, the second layer can comprise an adhesive
assembly. The adhesive assembly can include an intermediate layer at Jeast partially
interposed between an upper adhesive layer and a lower adhcs:vc layer. Ina further

non-limiting embodlment the upper adhesive layer of the adheswc assembly can be
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1hat Heem

resi st chem cal and noi sture degradation during use.
The adhesive can be at |least partially applied using
conventional techniques known to the skilled artisan.
In alternate non-limting enbodi nents, the adhesive
can be at least partially applied to 5 the | ower
surface of the first layer and the upper surface of

t he er. and/ or he adhesi can. be at | eas
par tﬁ?%ﬁ?@qg%@%%’g"%gﬂ( fhd0g } et Sg{}.?cfao\égheoﬁrsf L A0d foweer
| ay adhesp@dayeh @f URPAMheSiVE AREMbRT cah b8 at RastDal @B conddifed 1o the
adhesi ve can be chosen froma w de variety of "adhesive

mat dppexisurfageovirthe ihird lagerar The imtermediatedager wfthd ddhetiezlassembly
to contac hesi , . pressure nsjtive, adhesjves,

LS BT e B ne Sl R hY S2oma ager of
& hefagRliathg pad RS PR '

as therr#ose% ?ng ad s??/%s.% ﬁ%ﬁ@lﬁ?%@ﬁ}%&?@xﬁﬁgﬁl@ﬂg}s sembly
sui tableeselesteduicemtid nadlimitingexamples bé adlivsivenpfevivisly mentioned
polﬁuret ane adhesjves, and epoxy resin_  adhesives;

suchergie- (IR gstonimitins sHbofneait oG bpesFiand {ongr aghesive fayers each
bi s phaRQlonfict NiHsivid Eb@ﬂjhc%é‘Meﬁl%?P& i LA 10 in the art as
pressure sensitive adhesives can In |'Gde an
el astossidad ar domblenmatefiGagen dNan-liatikng siangplesagistitabie adhesive
Sui t abl % el astoneri c pol yners can hbe chosen from

blics gam dcluds those compsasially. ayadiabls {ramy 3M, Jpdystrial Tape and
pol & : pol y(vinyl alkyl ethers), alkyd
adh%ﬂs?iéegfs%ﬂéggy ics such as those based on copol yners
of 2- et Hyulnbaimhitiag embaditment ibe pelishingpad of the presenk invention can
copol yners such as styrene-butadi ene-styrene, and
ni XqonipEise a fingt layar, a seropd layen,and)| 4 third jlaygr.owbeseinfaeh layer.can

CLORPEEe 3 Bhorind, " TACLEHN o 0 01 0 5 R 1ers g ve o

1sheXenepardslly alighed. \WatHE-in-plasewiriow Gn®8 formdd Withia the opening

melt. As used herein, "hot nelt adhesive" refers to an
adHEwE e Bether ipseviensly deseribadchereia. t her mopl ast i c

materi a . hen ast .
e oty P SAAE b ent) padn b o RSB iy
No rappliedi tb ithgtop addfor ®otath saffacdsiof @) windew af@l 6f the polishing pad.
adhesi ves can be chosen from et hyl ene-vinyl acetate

codé¥ FAEINg cagipFeddeam ensfdhe following pioperties, for example: improved

2050 RS Bt Eintofes” PRPIQUET itaviod Rt rgrovst pymeture

di aesistahcé,MhdPor FhtiTeflective Propeitiesd OFMeWHoRlikPESoonttise the materials
non-limting enbodi nent, the second | ayer can conprise

anTesiipdpreviously fas yeeninlthe sethad lutbesd the palishinghpad. clara non-limiting
5030020, G s 8 bt
adhes\iysd! é’s\éfﬁolyéd? sﬁlu{ib’ﬁ,tcﬁ ﬁ%&}P 5t labdlobit meffm%mg &kas a

t he upper adhesive [ayer o e 'adhesi ve assenbl

25 beblend of resin precursors that can react to form the coating. The application of the

30

liquid can be accomplished by a variety of known methods, including spraying,
padding, and pouring. Non—limiting examples of suitable materials for the coating
include thermoplastic acrylic resins, thermoset acrylic resins, such as hydroxyl-
functional acrylic latexes crossﬁnked with urea-formaldehyde or melamine-
formaldehyde resins, hydroxyl-functional acrylic resins crosslinked with epoxy
resins,or carboxyfunctional acrylic latexes crosslinked with carbodiimides or

. polyimines or epoxy resins; urethane systems, such as hydroxyfunctional acrylic
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18 at least partially connected to the | ower surface
of the first layer, and the | ower adhesive |ayer of

t he adhesive assenbly can be at |east partially
connected to the wupper surface of the third | ayer.
The internedi ate | ayer of the adhesive assenbly can
be selected fromthe aforenmentioned suitable materials

for the second | ayer of 5 the polishing.pad. The upper .
andrqsa/%?ssglalf%sw(% PPlysoryangie, fﬁga%ﬁ&ﬁ%{@ag%%ﬁ%w&s crosslinked
can Nad et :

a2 R Ferld QRO £ i Bt SRR Rinaca
NonNprepslyinerty epotyodsitenduch bhipolypnide regin ctosshinked dbidsbisphenol A

| ayers each can be contact adhesives. The adhesive

as SeR9BY yesinsn Phenolistresipeerosshinked with bisphenol A ¢RIy driasy polyester
r doubl e- . ARNUNY =t .

oL CRP A AR 3R Ru BB Bl W AT Btamine

CONfgpheldatyldy résind biewite F&ryﬁﬁty?dﬁhte& BflWathrepdky drpslinkes.
Specialties Division. In non-limting enbodinent, the.
pol i shi rlg apaea-lgmitingeenphodineant, the geatingan badn agueysiasylig latex,

ek SR G0 Bk A ot o
ODepplif @ ht isp drd BekionP RHFABE GMtle WikdoH hré OF thecsbboriayer.

' | east partially aligned. A cast-in-place W ndow :
10c anApmichigomelatheicoating cahde poefainesl following removakeftagpdhesive tape

previ ous.IlI)'/aA escr i ged Itlherejng. In an alternate
nord;opfies '358%’6 TR HESYINGO% 5P ng can be at | east
partial lppe ih$ Pad Bf iHRPréseR iRPEHIPH AR bk AT dodfbifation with

of the w ndow area of the polishing pad. The coatin
carpotishing feidansuchras pofistiigeshamriels owhich apr lbpewn incbe aftoNon-

e R Sl SRR Rt v b S AP B menion,
15" €ShGh@ %kt ar@ﬂ&/lﬂﬁitéf‘lbh thé 8hirRs it RsBd BPBh#dESated Pltent

coating can conprise the materials recited previously
f orApgdieation halvingsSeriah Hulbeesr09%882, 8 dl (%8824 $4Bawhich wege both

cadied i bindg. AP oS endng. fF & nobdinine SppPrms™ e
a 'ﬁ)ﬂkﬂi fi@id @n 8 iNEHos&Pbdivb N the FirsiNSYet 0P the P and the substrate

aqueous Tatex; as a I't, or as a 25 blend of resin

pr ec be polished HEhe palishingar tplanaritiog prodess candnélnde nipvisag the

appli.cation of the _liquid can be acc lished a . .
20y o prlishyngpad ciafiye ﬁ%ffﬁoﬂﬁmﬁ&lﬁsﬂ&%&@%wg}y of YoiRbing tuids

Padding i | SFSuftfble shurries fi

257 S LR 50 07l BhHRAP e s o s

t héw meRresehi iavation includestunies comprising abrasive phrticles. Abrasives

resins, such as hydroxyl- functional acrylic |atexes i
cr daas cambeused; in gheslueries dpokide pagkjculate perim gxidg epasticulate alumina,

! QAR R i ey O dBRMH stdtbfel Kbruse in the
25  polishing of semiconductor substrates include but are not limited to 1LD1200 and
ILD1300 available from Rodel, Inc. Newark DE and SemiSperse D-7000 and
SemiSperse 12 available from Cabot Microelectronics Materials Division, Aurora,
IL. |
In a non-limiting embodiment, the polishing pad of the present invention can
30  be utilized wiih an apparatus for planarizing an article having a non-planar surface.
Tﬁe planarizing apparatus can include a retaining means for holding the article; and

a motive power means for moving the pad and the retaining means with respect to

20



resins, or carboxyfunctional acrylic |atexes

crosslinked with carbodiimdes or polyimnes or epoxy
resins; urethane systens, such as hydroxyfunctiona

acrylic 19 resin crosslinked with pol yi socyanat e,
carbamate-funtional acrylic resins crosslinked wth
nmel am ne-f or mal dehyde resins, diam ne-cured

i's I

s 56 BURE S Rabcittns O MRRaY TR fre (ERBIE RS Srus i tury.

I esindhe phaniting surtRe B$ dey Ragb comed and tplanbnwhﬁrrﬁin- nar
epoxy_resins; polyester 5 resins, such as

hy cﬁ“bﬁ%‘ﬁ of f@p Articde e ln @&prmss 1ep- bmrtﬂs@anﬁk@aﬂmewlanammg

a%rﬁ%fﬁlﬁlé CS l[?é@.l(%gg%g iclzrpel‘?vrﬂz?g;mﬁ g&)ﬁﬁﬁﬁﬁ %4 ﬁ%n r?zrirallé gﬁc’rfacc of
se nhﬁéﬂpme NR, noh"-lﬁnﬁﬂ%tckﬂﬁplﬁfw akfitle AHERHIESATs)ihtIGdes a
|l atex, which can be applied follow ng stacking of the

padnfacbsmmjlaym eNhipped aithrag abeasiviealiskaphich ebrades theevarksurface of
and bot om surfaces of the w ndow area of the second

I ayé O Application of the coating can be perforned

fol | owi ngah @ﬂ&%@ilv@ﬁor@mﬂﬁ&g%ﬁimmp Gthe RGBS apﬁdrhaas can
spacer fromthe w ndow are The pol’i shing pad o

pr ecdunde damappatatsrior emxbetu@meklm mearmidgyneftthoartield being polished or
poI lshl n éw ds, oI | shl slurries,

omﬂlgrc:éq po :g;p SES, ara:f avaclzlﬁsle from
su d -
it m&n@?&r@% s
s| IPEC eanddElarh €oepl i n Uni ted St at es Pat ent
rs 09/882,548 a

Appl i ca i on -havi.ng Seri al nd
09/ 882, Isagon-»lamlegs FRbedipeRt,t T%fnaf'@& %vrm'%m%w be placed

ang, ar
polg?gh lnlg u%méggscbg&ip%tde%seg getvveen tiEEO |r%“hcme

15| awith aohydrhod adhebivaen dSuitablesadhasiiveaicen irichidba widk ivahiety. of known
The pojlshlng or. pl anari.zi ng process can incl ud

rmefm?@l%e o TYBer Spr-HgutiRgrREPke ithePadFanbe B sdronabe
I {

A RdBE S bosCiol PIldhiof B, plAaciait parkly thatincludes
of a meahaol condlictingi insith mcumugy of thet dréiclp rbemgrpollsmm nTlmopad can
include slurries COR@@I’ sing abrasive particle
Abbeagtagessuch that its 3 asa §an he alggned with the gnqtqpéqbgm\gmdow of
p [ te ceriumoxide, particulate alumna,

20 p?#%l@#‘gt e silica and the |like. Exanples of
comer CThd prebdnt linvehtiddls misre phitichlafly Aesdpidled S tiegfollowing
sem conduct or substrates include but are not limted
t oenamiqwhmre mmisé@o be Hlustative qiﬂibﬁifﬂéd'émﬂ'q’%dmdlf cations

D- 700,
AR o  Eptind @@ BT B Dl otherwise
Di spesified, alﬁbh”rgra%d pefdentages are by weight.
25 . EXAMPLES
Example A

Particulate crosslinked polyurethane was prepared from the ingredients listed
in Table A. The particulate crosslinked polyurethane was used to prepare polishing
pads as described further herein in Example 1.
30
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In a non-limting enbodi nent, the polishing pad of the
present invention can 30 be utilized with an
apparatus for planarizing an article having a
non- pl anar surface. The planarizing apparatus can
include a retaining nmeans for holding the article; and
a notive power neans for noving the pad and the

retaining means wth rebpecTﬁll.Ob O—tteother —such
t hat novenent of the pad and ﬁel tai ni ng neans

cau slTurry ~and the plrranari zi ng f—the
padﬁ??—c%:]%%%act and pl anari ze the non- pW% &'@g ace
of the article. In a further Clangd L m ti ng enbodi nent,

t he planar|2|ng appar atus can include a nmeans of

r enGATHR qur “ﬁ?cfla? shing or planarizing W90t ace of 5 the
§Jadsurﬁcf&ﬁf‘ A imting exanple of a sui taﬁl € renewi ng
nmeans | nc &Aes a nechani cal  arm equi ppéd with an

abrmethykisebutil Mdresobehades the work sggof ace of the
pad. In an alternative non-limting enbodi nent, the

pI anari zi ng apparatus can i &dBIgee? an apparatus for

n-.Si rol o of the artdigle being
Ir}?%&taéﬂglf"m%m ngﬂ)giy"}cé'o(gyComTerci allszgl i shing or
pI hat#d i86yanAL khes are avail abl e4f4|50m equi pnent
rraam?act ul?tg)rrs such gtg Applied Materials. LAM Research,

IOSpeedFam | PEC, and Ebara Corp. In a non-limting

o1 18ckBRZACURE MRRER. dianrind cora iobiatueires s dodiets and
t

i e e

WI de) PEURENICAF108rsavfactan lobtained from BAESF@éﬂpbﬁ!tlon :

rz limdting example, the pad can be placed on th
cy (O 15!%?‘#&’%? 769%699!)"59%10@%1-@# fgo1p hir ?mqvgtsand Chemicals,

15P! ﬁg_arwﬁémges@ﬂﬂérl?wﬁetl%ﬁgaﬂa&%ﬂ?tﬁ&m feallfi eﬁroﬁ[lct of toluene

con uctlngln Situ nmetr e artic

podiiskganatel e mﬂ(tﬂmm}eemlgmm) such that its w ndow
area can be al W th the netrol ogy wi ndow of

t hé")r;PEwPDHﬂlﬁ 350040 aiphatic enlbssoR anatingblaingd are B y
| nt eﬁ%}?ﬁ otzﬂﬁqs a?:ldl(f’d'ﬂf"ﬁgts If’i%ﬁﬂﬂll hich HsElibedifas a

lustrati ve on sl nce nuairer ous

rmplorf,rﬂnﬁtmm aliptRinid isoayaratd @sia Habarm Rexégirlethylede Alii6dyaRAte.
to those skilled in the art. Unl ess ot herw se

205pecified, all parts and percentages are by weight. 25

EXANPéﬁg'ge Wﬁpaldﬁe(ﬁo an open container and warmed with stirring on a hot
plate until the contents of the container reached 35°C. .Stining was continued at this
temperature until the ingredients formed a homogeneous solution. The container |
was then removed from the hot plate. With stirring, Charge 2 was warmed to 55°C

25  using a water bath then added to Charge 1. The contents were mixed for two

30

minutes with a motor driven impeller until the mixture was uniform. The contents
.of the cont#incr were then poured immediately into 10 kilograms of 30°C deionized
water, with concurrently vigorous stirring of the deionized water. Upon completion
of the addition of the contents of the container, vigorous mixing of the deionized
water was continued for an additional 30 minutes. The wet particulate crosslinked
polyurethane was classified using a stack of sieves having mesh sizes from the top to
the bottom of the stack of: 50 mesh (300 micron sieve openings), and 140 mesh
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Particul ate crosslinked pol yurethane was prepared from
the ingredients listed in Table A The-particul ate
crossl i nked pol yuret hane was used to prepare polishing
pads as described further herein in Exanple 1. 30 21
Table A Ingredients Wight (granms) Charge | diam ne
curative (a) 1050 5 surfactant (b) 31.5 nethyl

i sobutyl, ket one sol vent sQC

F rdDs BHEIOn 5645 OPGHER)( B)e Helpt Taryfig frBSSImRED olyurethane
PO 41 39848 Rt Pt Pup A yh o) QWIRACHEES)DIAc A ami ne

curtat i ve obtal ne rom ucts and Chem cal s,
Inc, which describes it as mnethyl ene

bi Séxcélﬂiqug—pdl et hyl analine). (b) PLURONIC F108
surtactant, obtained from BASF Corporation

c)
5ARI THANEA Pbﬁ%hmqﬁ eomprisingrpardmlate progslink yurethane and

oy ShR SRR e e P A
di 'tﬁé’?dﬂ%%@TﬁﬂE’ 1pol y(tetranmet hyl ene glycol). (d)

DESMODUR N "3300A al i phati ¢ pol yi socyanat e, obtai ned

from Bayer Corporati on, Coati ngs and CoI orants
D \/| CI on- \Ahn r-ln doceri ha H &

aesctr1+pes— L |JUI _yl UIIL.lI Ulld.l

al i phat i C i socyanat e resin bég"@&e bn hexanet hyl ene

10d| 'rscgﬁ'an[atc 260—Charge—t—was—added - iotl (O

20

25

30

co fand warmed with stirring on—ahot

until the contents of the coghaigaqr reached 35 C
Stirring was continued at this tenperature until the
i ngpasdukn srofdhnked pelyisthegeneous sol ution. The

CORY Example Aas then renoved fromthe B37 plate. Wth

stirring, Charge 2 was vvarmag to 25 C 25 using a water
bath then added to Charge 1. ntents were m xed

15! OF éﬁ%t%%cﬁﬁl ﬁ@ekgly%ep@or driven jygpg!ler until

the ure was uhi e contents
aliphatic polyisocyanate {(d) 102.6
catalyst (e) . 0.25
acetone solvent 120

(¢) dibutyltin difaurate 95%, obtained from Sigma-Aldrich Corporation.

Charge 2 was mixéd using a motor driven stainless steel impeller until
homogenous. The homogenous mixture of Charge 2 was then combined with
Charge 1 in a suitable container and mixed together by means of a motor driven
mixer until uniform. A 930 gram portion of the combination of Charges I and 2
was then introduced onto each of three 26” x 26" flat molds. The molds were fed
through a pair of rollers at ambient temperature to form three sheets that were
0.100” thick. The sheets were cured at 25°C and 80% relative humidity for 18
hours followed by 130°C for 1 hour. A double-coated film tape with release liner
was applied to one surface of the cured sheets. The film tape was commercially
obtained from 3M as type 442 dt»ublc-coatcd film tape. Circular pads with a 20.0”
diameter were cut from the sheets. A window opening was then cut in each pad.

The shape of the opening was rectangular, having dimensions of 0.5” x 2.0, being
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.of the container were then poured immedi ately into 10
kil ograns of 30C deionized water, with concurrently
vigorous stirring of the deionized water. Upon
conpletion of the addition of the contents of the
contai ner, vigorous m xing of the deionized 30 water
was continued for an additional 30 m nutes. The wet

part | T | inked ..polyurethan s classified
a1 i) G5 e A5 B ragiRlly HfnieeL Ao Bied o2 o, 0¥ cper of e
t 0 padheh®pid eperag Wheselleddh R 1in? Qid¥BE i Q%@Qw“PﬁEpﬂf 3M 442
si eve openings), and 140 nesh 22 (105 m cron sieve
opeipuplgssjded Tags . iAs spaser dopsirucied of 8t 08 rpobyskien Kidrd, cut with

articul sh was dried

o HF RS i eery o e e i s lacsgiin b, cmyoisend irmiy

5CONRhdRI NG t}féacrx?)bﬁdl AhEsie (gﬁﬁl- PP N4y Y4 hﬁr\'@in%\? fesin was

crosslinked polyurethane binder was prepared from

i ngherdpreprred frommthe iiagrediems listed irf TabloRi ng Tabl e 1.
Table 1 10 Ingredients Weight (grans) Charge 1
particul ate crosslinked pol yurethane of Exanple A 2337
Charge 2 IS5 Tsocyanatre fun(,'tiru atprepotymer—(c)—410—4%
al i phatic polyi socyanate (d) 195.26 catal yst (e) 0.25

acgipifleme! VENT 120 20 (&) dipuryrti W akey 957
obftaine rom Si gma- Al dri ch Cor por at in%%éh? & g}e 2 was

a
10m xed using a notor driven Siargd bss steel inpeller

untj| . honbgenous. The honobgenous m xture of Charge 2
wa SR CWHNG Bhd with Charge 1 in ®-8uitable

co i ] xed together by nean a not or
dr?%@ﬁ%rﬁngéﬁ until uniform A 9303492?£1m portion of

t hprocessimgraad (g)n of Charges 1 and 2 \edrophen y
i ntroduced onto each of three 26" x 26" flat nolds.
The nol ds were fed through 28&i% of rollers at

15 ankiMadG o formthree shegts that were
0. 1(5%{1%%‘?2@86@&%&53 eets were cured 2?'835C and 80%

20

25

30

relative humdity for 18
(f) VERSALINK P650 oligomeric diamine curative obtained from Air Products and
Chermicals, Inc, which describes it as polytetramethylene ether glycol-diamine.
(g) COATOSIL 3501 additive obtained from OSi Specialties, which describes it as a

defoamer.

Charge 1 was added to an open aluminum container and placed on a hot plate
set at a temperature of 120°C uni) the contents of the container became molten. The
contents were thoroughly mixed with a stainless steel spatula until uniform. Charge
1 was then degassed to remove moisture and entrained air by placing the container
in a vacuum oven set at 80°C and pulling a vacuum of mm to Smm Hg until
bubbling ceased and any foaming subsided. The container was then removed from
the vacuum oven, Charge 2 was added to Charge 1 and mixed with a spatula until
uniform. The container was then placed in a second vacuum oven at ambient
temperature and a Imm to 5mm Hg vacuum was pulled for 5 minutes to remove any

entrained air resulting from mixing.
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10

15

20

25

was then cut in each

hours followed by 130C for 1 hour. A doubl e-coated
filmtape with release liner 30 was applied to one
surface of the cured sheets. The filmtape was
commercially obtained from3M as type 442

doubl e-coated filmtape. Circular pads with a 20.0"

di amet e[, \&f, x@m&“tu:f EaQWaE‘ %ﬂ%ﬂgﬁﬁ)éﬂl ﬁﬂmf [H? gg\éu(zr?neﬁ\l(eﬂgand

shape

wepprtien D%@g wésn wak amﬁlebedniBaBmﬂﬂﬁlc @ld Qvifrdow oﬁex@ngs with spacers
be| ,OSI &I oned with the I ong axis radial

or51° t"é’&l 'HH oduat 3l ¥idyintg thefesine Suffinient f@ﬁfm me pomd 1o bring

Ihﬁipé%g'nl gggm&?g mg ﬁﬁ%ﬁ‘?&gﬁ@u}ﬁq%e L’fﬁ el:t:ém was, t\ggl& éyowed to cure

cmstmgmueaimbienoccmmonpowmtcafmé thé” 241 pided BF 3M 442 double
sﬁa& ons to fit securely in the pad openl ng, was
pl

danerndile spaseri were apmored. nThe apper aad lmbnsmthm of the pads

e 47 x4" 3M 442 ta

- SRpe Bn o8 patePloch o ikl stk iR allFaarrth e pad work
muffajahsu@axﬁahhganacmﬂgr edi ents Weight (grams) 10
Charge 1 diam ne curative (a) 6.8 dianine curative

(f) 42.4 processing aid (g) 1 drop Charge 2 15

al i phatic polyisocyanate (d) 28.8 (f) VERSALINK P650

ol igoneric diamne curative obtained fromAir Products
aBgamglB@mi cal s, Inc, which describes it as
polytetranethylene ether gl ycol -di am ne. (g) COATCSIL
3501 a&cﬁlacwbpasbwaa mutrﬂmmmouspag thel polielsing \plad ad3embly of

d Ch dded
ERMR T3 2 20 R SRR TR ool o B0 ook okt o evindow
Seépeniiiz x?astfﬁrﬁpﬁft@x‘i uﬁ:%wéA %au "Filel sh Pof 8 HBMifs Was t hE

cont al ner becane nol ten. ontents were oughly
rﬁﬁR'édgmlt having dinenisions of 051 x 3,041 bitiag positibnednvie di@ long axis

25 1 h d d
AR AT et PR oA A7 arcom e SsMeR PRI P Nesbcioeapirase iner

OfeRe pAlish g pad (st‘éﬁfﬂﬁ%f E%@ﬁ VagrUhled "Eggxt)sg egmfﬁlgeswe

until bubbl'i ng ceased and oam ng Su

cldhetpelishing ped agstmablyrveasotherd fi hntymorﬂhd:, witle thifadhéeie, to the

2 Wa dedto Charge 1 and mxed with a
/%?X H’Hﬁﬁr are was taken dufing mounting so that the window opening in

the Suba IV subpad was aligned with the pad window.

Example 3
Example 3 was prepared in the manner of Example 1 using window resin
prepared from the ingredients listed in Table 3 using the following procedure.
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uniform The container was then placed in a second
vacuum oven at anbient 30 tenperature and a Inmto 5mm
Hg vacuum was pulled for 5 mnutes to renove any
entrained air resulting frommxing. 24 ~V,,,QUJ u,
,cbm was nen renoves from ne vacuum oven and a

portion of the resin was carefully poured into the pad

wi ndow openi ngs with spacers Tagke S not to introduce
airvoids into the resin Sufficient resin was poured

t olngredignts t he resin level flush with MWeightdpeamspad
surface. The resin was then gl I Oﬁd to cure 5

over ni ght at anbient conditi € After curing, the
4" ¥flyaRinRcBrffve I 442 doubl e sided tape agfigthe
spacer were renoved. The upper and | ower surfgaces.of

5 t hpropesding aib(® t hen made parallel w th theldropdow ar ea

10

15

20

25

- 30

bei ng coplanar with the pad work _surface using a
mi|ling machine. 10 Exanpl e @@&2acked pad was

COfshb Yehigdy by rmounting the polishing pad enbly of
Exﬂ%p?egﬁﬁg'r)] a 22.0" dianeter SUBA IV subp‘{gjis]l.§ To

construct the pad, a w ndow opening was first cut in

t he SUBA IVSad. The shape of the opening was 15

r e} YERHAMID 237 palyanineeprdy amide cfiradivs,' obtained frombeognys Corp.
POS 4 W th the | on IS adi al | riented and
A ¥po bt ioine et irop SR hemlestion: . ¢ he

rel ease liner of the polishing pad assenbly of

Exanple 1 was renoved, exposing the adhesive. The

pol i shiGlgrgeall was addrid tp anaopen Rimifivmrdoptaiien dad thewiontents were

thj s adhesi.ve, to the  SUBA |V subpad. .Care was taken
adbRBENS ey 3 e Fee! SRARIB ALt | (g s then
Sidegasked LieRe Wittt 108 Rerdinkd air Hy Madng i LoWainer in a vacuum
Exanpl e 3 Exanple 3 was prepared in the manner of

Exaem ket al 604 and pilhapavvaasimof pneptereumfHguntilibabbling ceases

P T R TN

Caaaf Zwas added to Charge 1 and mixed with a spatula until uniform. The
conainer was then placed in a second vacuum oven at ambient temperature and a
1mm to 5Smm Hg vacuum was pulled for 5 minutes to remove any entrained air
resulting from mixing.
| The container of resin was then removed from the vacuum oven and a
portion of the resin was carefully poured into the pad window openings so as not to
introduce air voids into the resin. Sufficient resin was pour to bring the resin level
flush with the upper pad surface. The resin was then allowed to cure overnight at
ambient condiﬁons. After curing, the 4"x4” piece of 3M 442 double-sided tape and
the spaéef were removed. The upper and lower surfaces of the pads were then
made paralle] with the window area being coplanar with the pad work surface using

a milling machine.

Example 4
Example 4 was prepared in the manner of Example 1 using window resin

prepared from the ingredients listed in Table 4 using the following procedure.
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pol yam ne curative (h) 31.8 5 processing aid (g) |
drop Charge 2 epoxy resin (i) 45.2 (h) VERSAM D 253
pol yam ne- pol yam de curative, obtained from Cognis
Corp. 10 (i) EPON 880 epoxy resin, obtained from
Shell Chemical. Charge 1 was added to an open al um num
container and the contents were thoroughly m xed with
a stainless steel spatula until uniform Charge 1

was, t hen degassed to renove mgyjshure and entrai ned
air_by placing the container in a vacuum 15 oven set

at Isgxediend pul | i ng a vacuum of 1nm t o VeeiphtHgramg)i |

bubbl i ng ceases and any foanm ng subsi des. The
contai ner was removed from t&82888duum oven, Charge 2
wa : ge 1 and m xed with atula until
Sunﬁ?m@%@gwt ai ner was then pl acgé's'fn a second
vaactytacel/sfigaterdkpi ent tenperature andsg Inmmto 5mm
vacuymwas pulled for 5 mnutes to renove any
enPFEEFRRE 3 (2) 20 resul ting from ni xi AgroPrhe cont ai ner
of resin was then renoved fr t heg vacuum oven and a
portion of the resin was car@gﬁﬁgﬁ; poured into the pad
W pfeaoPQENi Ngs so as not to introdugq air voids into
the_resin., Sufficient resin was pour to bring the

10resin level flush with the upper pad surface. The
resj n.allqQqwed to cure overnight at 25 ient,
coﬁh%ﬁ%f RfoL plighfis HEsthang diaprylate, 5?@%3 broms (Gt Shemicals
dopgR}e-si ded tape and the spacer were renoved. The
upper and | ower surfaces of the pads were then nade
pa(ia|BBHCRY L 4866 aliphatid amethareariaeryluye, cbpdisedaficomi OB tChemicals

pa%zvvork surface using a mlling machine. 30 Exanple
4 B¥hple 4 was prepared in the manner of Exanple 1

15 | TUPRARCGHRE B3 DhoBi RRARE Splfifi (i CIBISEGIAY Cnepyoats
Tabl e 4 Ingredients Wight (granms) Charge 1 5

acryl atgd ol i ganer éA() 51.3 . .
harge 1'was added {o an open aluminum container and the contents were

thoroughly mixed with a stainless steel spatula until uniform. Charge 1 was then
degassed to remove moisture and entrained air by placing the container in a vacuum

20  oven set at 60°C and pulling a vacuum of Imm to Smm Hg until bubbling ceases
z;nd any foaming subsides. The container was removed from the vacuum oven,
Charge 2 was added to Charge 1 and mixed with 2 spatula until uniform. The
container was then placed in a second vactum oven at ambient temperature and a
Imm to 5Smm Hg vacuum was pulied for 5 minutes to remove any entrained air

25  resulting from mixing.

The container of resin was then removed from the vacuum oven and a
portion of the resin was carefully poured into the pad window openings so as not to
introduce air voids into the resin. Sufficient resin was pour to bring the resin level
flush with the upper pad surface. The resin was then UV cured using a Fusion

30 Systcms D bulb. After curing, the 4”x4" piece of 3M 442 double-sided tape and
the spacer were removed, resulting in a suitable window area. The upper and lower

surfaces of the pads were then made paralle] with the window area being coplanar
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30

acryl ated oliganmer (k) 25.7 processing aid (g). |

drop Charge 2 initiator (1) 1.1 10 (j) EBECRYL 8404
al i phatic urethane diacryl ate, obtained from UCB
Chemicals Corp. (k) EBECRYL 4866 aliphatic urethane
triacrylate, obtained fromUCB Chemcals Corp. 15 (1)
DAROCURE 1173 photoinitiator, obtained from G ba

Spuith thietpad Grarkisuefkee. usinghmmijéing magkined dleas @psarvedshat upon

al um n cont aj.ner ;and t.he contents re. . thqroughl
iaftyal,Teiog, of the e wipdy BeEumy TRV the rhlishige ppd.
Charge 1 was then degassed to renove noisture and
entrained air by placing the container in a vacuum 20

o\Exampiss Satl 60C andpul | i ng a vacuum of 1nmto 5nm Hg
til bulblj g f ' i des... Th
cont ai dbbek e helRBRERe PRifral R Rl SEiinket

WS lyaedRheladd CRALIGRked palidreMane Bindef Wadpepatd fdmht idgredients
uni form The contai ner was thené‘laced In a second

vavmerisedin Eablahivsiagithe preprduen effcampde b Thesheebwaniben cured
y %&k%@dg@fofagéd &t éqi% relatNe Hinfiditf for'18 fﬁ%}ﬁfs 18l1dwed b 130°C

en{rall‘ resutlngfromm I ng. e cont al e
offorrielsoun. dRbtyphda2 derhiv eshiddr film thpewith celease dnenwanapplied to one

ortion_of the resin was .carefully. poyred.into the pa
P SlHis o6 i FHELED. MeVeDEI A PGS VIR Siamesgs Here chi from the
| Bl ARk &cnsﬁgfvfrds%&mut ifédch pa@S TROSHapt Bf Qiéioﬁgnihé‘ Qas

resin level flush with the upper pad surface. T
r exstangulas, havieg disvensinne of @57 -G, beisg pesiBonedywitivthe cgnter of the

bul.b ter,cutin t 4" XA D " of .

aWimtea ob ks &t Buer ot o et o PG RingL s e sealed on the

I Hfdtlsidengith adiRsive tdpa DA epader) doiétaced of Blod 0T pplgestarfilm, cut with
| gwer , surfaces of .the pads were th?wgﬁvpar al | el -
wiimensioas tg ffsruraly da thegrad ppeipe.ayas placed infhe jopeniag gad) firmly

f . bl .
dthSdHolRE Expi3td ipsiTh bk e f@ap@er'ﬁb Réinddvl redfsfoP Eﬁﬁﬁhﬂggg

t hat upon exl ng of 'the pad, the w ndow br
athayughrld rwastieepotd isthegapaa of Efxaplp l1dons thelingredieplydisted in
oi. I@OPi shing pad material conprising particul ate

cf 388 Fi nked

A portion of the resin was carefully poured into each pad window opening so

as not to introduce air voids into the resin. Sufficient resin was poured to bring the

resin level flush with the upper pad surface. The resin was then cured. The curing
process consisted of allowing the pad assemblies to set for a specified time period at a
specified temperature, as follows: Examples 5, 6, 7, 8, 9, 10 and 11 were cured at
22°C for 18 hours, 45°C for 6 hours, 65°C for 4 hours, 85°C for 2 hours, 105°C for 1

hour, 125°C for 1 hour and 145°C for 1 hour, respectively.

After cﬁring, the adhesive tape and the spacer were removed. The warp or
buckling of the window was measured directly using a Mitutoyo Electronic Indicator,
Model ID-C112EB mounted on a Mitutoyo Precision Granite Stand.

Before measurement, the window pads were equilibrated overnight at 22°C
and then Examples 5 through 11 were placed, one at a time, concave side up, on the
granite stand. The indicator tip was placed on the window, 1-2 mm from the edge,

and centered along one of the 0.5” edges. The opposite 0.5” edge was then depressed
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pol yur et hane and crosslinked pol yuret hane bi nder was
prepared fromthe ingredients sunmarized in Table 1,

usi ng the procedure of Exanple 1. The sheet was then
cured at a tenperature of 25C and 80% rel ative

hum dity for 18 hours followed by 130C for | hour. 3M
ty o i . .
wedeuigta REER s ERTRC bos TR cbfubchoh By FRngb e o varp
Sﬁwsﬁmﬁdsuﬁudloa;rthpaxg&aw’m The whrpivasteaorled in uﬂlimecmrf]. Tfl-kgmdow
the sheet. A w ndow gpening was thep cut in each pad.
Thwapagosdesk tor Fxamplas ﬁ'@"‘iﬂagi W"é@ﬁg‘?\'g’lwsar havi ng

di mensions of 0.5" x 2.0", being positioned with the
center of the w ndow |located at the center of the

pad. Each pad opening was then sealed on the Iiner

side with adhesive tapg. A spaceg, cC tyu d of

0. 010" polyester fil mpwh%@dm% o fit
secur elgianipid e pad opgricng, wasigiirgced im.ghe opening
and firmy  attached to the exposed adhesive of the
tape. Thampleéow resi M5P6r Exan@las. 5 throigh | | was
prepared in the manner of Exanple | fromthe

i ngr edif@mPlq Tsted in65taple 2. portion%t the resin
was cargef IL,;/8 pour ed isgt,@ each pagd. W ndowopeni ng so
20 as no O Introduce™arr voids into the resin.

Suf fi ci@@hplﬁeg;i n was pesred to hrigng the 1esin | evel
flush with the upper pad surface. The resin was then
cur ed. ERamptautd ng prd@8%6 consildwed of allltokwingow kracked
p .asseniolies to set for a specified tinme period at a
s@dé‘E'WF'ér& tenperature, as follows: Exanples 5, 6, 7, .
8, 9, Flampk il were quysed at 33 for 18 1ywifidovd Bpeared
for 6 hours, 65C for 4 hours, 85C for 2 hours, 105C

f dlistarte®® hour, 125C for 1 hour and 145C for 1 hour,
respectively. After curing, the adhesive tape and the
spacer were renoved. The warp or buckling of the

wi ndow was neasured directly using a Mtutoyo

El ectronic Indicator,. Mdel ID=Cl 12EB nounted on a
Mtutoyo Precision Granite Stand. 30 Before

nmeasur enent, the w ndow pads were equil i brated

overni ght at 22C and then Exanples 5 through 11 were
pl aced, one at a tine, concave side up, on the
granite stand. The indicator tip was placed on the

wi ndow, 1-2 mmfromthe edge, and centered al ong one
of the 0.5" edges. The opposite 0.5" edge was then
depressed 28 downward to contact the granite base and
the deflection 01 the wi ndow due to warp was neasured
on the indicator. The warp was recorded in
mllimeters. The window warp recorded for Exanples 5
though I | was as foll ows.
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5 Tenperature Tinme Wndow Warp Exanple 5 22C 18 hrs.
0.0 Exanple 6 45C 6 his. 0.0 Exanple 7 65C 4 hrs.
0.2 10 Exanple S 85C 2 his. 1.1 Exanple 9 105C 1 hr.
1.3 Exanple 10 125C | hr. 1.6 (w ndow cracked during
cure) Exanple 11 145C 1 hr. 1.8 (w ndow appeared 15
distorted) 29 W claim 1. A polishing pad conprising
a top and bottom surface, at least a first |layer and
second | ayer, a cast-in-place at |least partially

We tlaiapar ent wi ndow, sai d window being 5 flush with
the top surface of the pad and having a cure
terrperature of fromOCto less than 125C._ 2. The
L. pol i shi nd\ pelishisig radsomprisingtedep prd bettem syrfage, atalwﬁ a first layer

o ARS8 255 0 0 B s RRAS B R i

flusieGARdhd Rpeurfade SRS B AddtilvinkCh Gi#h fndierdtatel of from 0°c to less
non- conpreSS|bIe polymers, netallic filns and foils,

thagrl@5¥xt ures thereof. 4. The polishing pad of claim
3, wherein said second |ayer is chosen from
pol yol efi ns, cel |l ul ose-based pol yners, acrylics,
2. poI yest efThepotishing ppbéfdaitrel, syhepeih paidiistriayee spmprises particulate
des Jas I CS, d m xtures thereof. 5. The
POBB'I%% 3€’|’%’{|bm - wherein said first layer is
at Ieast partially 15 connected to said second | ayer.

6. The polishing pad of claim, further conprising a
3. third | aylde polishimgpad,ef Glaip hgvlﬁa@némdép%qnﬁllwerm%ﬁom

sol3 el plfep By RheiSE bofipati e TRAERRT Ryl Y mbaifils thereof

wherein said third Iayer has a percent 20 vol une
, conpress I'ljﬁlﬁ po 1¥hlggr Sg efr claim \}r}'ﬂ%lﬂ 'said secon\éqa)?er is chosen from

polyolefins, cellulose-based polymers, acrylics, polyesters and co- polyesters,

polycarbonates, polyamides, plastics, and mixtures thereof.

5. The polishing pad of claim 1, wherein said first layer is at least partially

connected to said second layer.

6. The polishing pad of claim 1, further comprising a third layer.

7. The polishing pad of claim 6, wherein said third layer has a Shore A

hardness lower than said first layer.

8. The polishing pad of claim 6, wherein said third layer has a percent

volume compressibility greater than the first layer.

9. The polishing pad of claim 6, wherein said third layer is chosen from

impregnated non-woven or woven fiber mat.
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9. The polishing pad of claim®6, wherein said third
| ayer is chosen from inpregnated non-woven or woven
fiber mat. 30 10. The polishing pad of claim9,

wherein said third layer is chosen from polyol ef s,

ol yestersgs, | yam des, .acrylic fibers and m xtures
10f h.e%/eof : ﬁlf.P%?‘ﬁ'én%BP‘f efela st SR R 2y <Bpn from
pofyBldink o estolt BolyaidiaOR el SRR alfiles IHERRAY o

essentially resilient foam 5 sheet, and m xtures
t her eof . o T { sPiin . [ el
Moara e hi e iing Bad 5 B3hdibin G i oy b icBlftn from
natigd] Guistee Bghthétiaubbds, thdmphaetit shktohepn dssehtidllyariesilidnt foam
wherein sald wi ndow conprises a resin material. 10
shegd, angtpeixpies efeaf pad of claim 13, wherein said resin
material is chosen from pol yurethane prepolyners with

curative, epoxy resins with curative, ultraviolet
12cur abl e Thempplishing pahof etaint Grweereinsaiddhird Iayer istakleast partially
]Igl)rgel %ﬁgl n%dpad gfl claim 13, wherein said resin materi al
CORNECHER IS EHEFSIE ‘#¥Er nopl astic acrylic resins,
t hernoset acrylic resins, urethane systens, epoxy
resins, 15 polyester, resi.ns nd m xtures thereaf. 16.,
13The pol | s,TElierpghﬂaag Brd o dpim I.L’M?}‘WBISQFIW@ P CPRPFises 2 resin
mABigrial is chosen from hydroxyl-functional acrylic
resins crosslinked with urea-formal dehyde or
mel am ne-f or mal dehyde resins, hydroxyl-functional
acrylic si.ns .crosslinked wth epox [esins,.. or
1422t Syt i PORRERR b whefB i r{efpafirihls chosen from
polardashc lg)ﬁépé)%ﬁnﬁé WO i dtive 802 ) rédinsSRIBX Yurk¥d, Rifiraviolet curable
hydr oxyfunctional acrylic resins crosslinked with
acrygpyiag gyxnegsdhereefi ami ne cured i socyanat e-terninated
prepol yners, isocyanate-term nated prepol yners
crosslinked with polyam nes, am ne-term nated resins
15cr ossl i nKéd palishingpad/osoaiyali twderein said resin material is chosen from

car bamat e-f.unct.i onal acrylic¢, resins crosslinked with .
thegmpplastifcacrgiareris ﬁ@‘ﬂ'@"oﬁ‘@@i"ﬁfi‘? TesiRsh YEtRAE SYSEns epoXy resins,
po Eﬁéﬁjegiﬁg,%ﬂd}%ik'%%itgg%ﬂm A epoxy resins, phenolic

e

esins crosslink w t h bi sphenol A epoxy resins,
hydr oxyl -t erm nat ed pol yesters crosslinked with
nmel am ne [deh [N .t h. ' anat
1657 it dbSRSTHRTEUALof bl ™y, Shhetlid Syififeo] BEFHALR BBsen fom
hydroxyl-functional acrylic resins crosslinked with urea-formaldehyde or

melamine-formaldehyde resins, hydroxyl-functional acrylic resins crosslinked with epoxy
resins, or carboxyfunctional acrylic resins crosslinked with carbodiimides or polyimines
or epoxy resins, hydroxyfunctional acrylic resins crosslinked with polyisocyanate,
diamine cured isocyanate-terminated prepolymers, isocyanate-terminated prepolymers
crosslinked with polyamines, amine-terminated resins crosslinked with polyisocyanates,
carbamate-functional acrylic resins crosslinked with melamine-formaldehyde resins,
polyamide resin crosslinked with bisphenol A epoxy resins, phenolic resins crosslinked
with bisphenol A epoxy resins, hydroxyl-terminated polyesters crosslinked with

melamine-formaldehyde resins or with polyisocyanates or with epoxy crosslinkers, and
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17. The polishing pad of claim 13, wherein said resin

material conprises am ne-term nated oligoner,

di am ne, and pol yi socyanate. 18. The polishing pad of

claim1, wherein said window is at |least partially 5

tran arent to at | east one wavelength in the range of
mi¥{uEss, %5 o 3500 nanoneters. 19. The polishing pad of

claim1, wherein said cure tenperature is from5C to

120C. 20._ The_paqli shj pad of claim wher ei n. sai d
cure t emfbp@plivhing pado PigHiToiS, “thsreiq%&r%i pigteri eomprises

o iR goer S B maBOIRRIBE. 0 Do shi ng

pad of claim1, wherein said cure tenperature is from

22C to [ 0
18020 conprrepRy e AITAS 1, ineRaf 6 Wfady Bi 1SR Bftiany
trakdpaftao £ QEERt bifd xvgveuéi@thsﬁl&ﬁ@ radke af frb@ 19016 3800 nanometers.
pol ymer-containing first layer; b. formng a second
| ayer which is | ess conpressible than the first
19l ayer; c Thébohﬁﬂﬁé pé?%ttdlzﬁlﬂ 1A v&l{é{’éiﬁﬁéltl Rret@inPetahiré1s from 5°C to
| ayer to said second |ayer; 0 d. producing an
12@peni ng into said first Iayer, e. produci ng an openi ng
into said second layer; f. at least partially aligning
said opening in said first layer and said opening in
20sai d secd@hd pbhsteng pgl ofi chany I, iwlgredn sgidcere temperafme & from 10°C
openi ng; 25 h. filling opening above said spacer with
to %ﬂ%GS|n material; and i. allowing said resin materi al
to cure at a tenperature of fromOCto 32 less than
125C. 24. The nethod of claim 23, further conprisin
21t he st epThe polishing padonficlajmslaiwchergim said curzsemperateis 15°C
u)gf @Ia|n123 wherei n said second |ayer is chosen from
pol yol efins, cellul ose-based pol yners, acrylics,
pol yesters and co- pol yesters,

22, The polishing pad of claim 1, wherein said cure temperature is from 22°C
to 105°C.
23, A method for producing a polishing pad comprising an at least partially

transparent window, comprising the steps of;

forming a polymer-containing first layer;

b. forming a second layer which is less compressible than the first
layer;

C. at least partially connecting said first layer to said second layer;

d. producing an opening into said first layer;

e. producing an opening into said second layer;

f at least partially aligning said opening in said first layer and said
opening in said second layer;

g inserting a spacer into said opening;

h. filling opening above said spacer with a resin material; and

1. allowing said resin material to cure at a temperature of from 0°C to
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pol ycar bonat es, pol yam des, plastics, and m xtures
thereof. 26. The nethod of claim 23, further
conprising the steps of forming a third |ayer
produci ng an opening into said third | ayer; at | east
partially connectin Ld third layer to said second
| ayer; and atlﬁﬁﬁ¥P%&§%?ia||y al i gni ng sai d openi ng of
said first layer, 10 said opening of said second

| ayer and_sai d opeping of said third |ayer. 27. The
241ret hod ofTwl%Wﬁ%clﬁﬁb?o%iﬁiﬁ%PamP’éw&t @Htal is
chosen from Qaﬁﬂg: epol yners with curative,
epoxy rei’i ns %ﬁ%ﬁ at | gd,%ijl traviolet curable
acrylics, and mi xtures thereof 28. The nethod of claim
23, wherein ' e j . ' V.
25¢ ¢ anspar OE AR Sritoin FATbeckR Pt skboddhiom,
pol36RENnK AR MIREESSsed BlymERE; 28BS PoBkstelsaindcd3polwedrsi N
In step h, an anmount of resin is used to fill said
polyparbenates, polyamides.qlastics.cwd miktirgs thengofhi t h a pol i shing
surface of said first layer. 30. The nethod of claim

23, wherein in step i said tenperature for cure is _
26f rom 5CThe nily@ of2aigN23, Tirthemeopusiog thel stépshof Sorming a third

wherejn.in step, i .said, t rature for cure is from., ..
layg ErodyCingeie opghing #ig S RSN ayer: i lepstpaiallyjcgpiaeting faid third
lay3 3514 SR DB CIERL bty iy ol endof id didGaver,
saitl eppengblisadd fewond layer arsl saidoopenitiz@fisaidthisdClay8rl. A

pol i shing pad having an at |east partially transparent

wi ndow wherein formation of said wi ndow conprises

27f or m ng Thé inieliod EfotaimelB] whetehe sdidi rdshymaterial is chéseh ffom
partially connecting said first |ayer to said second

polypieehane preplyEnersy with CHpRENE RPORTesins ayith curative, ulirayiolet curable
acr?ﬁgsogrqd {n?)}/tﬁlreﬁ tlf‘e&‘&ﬂ“ that said opening in said first
a

yér at Teast partially aligns wth said opening in
said second | ayer; inserting a spacer into said

28, b PRI SRPRT 6 HMEE b oot el
traf¥paént {oANRRIGHtHsGn Be Ifaﬁggém%ﬁ%b 55500 BRokeREs. and

renovi ng sai d spacer.

29. The method of claim 23, wherein in step h, an amount of resin is used to

fill said spacer such that said resin is flush with a polishing surface of said first layer.

30. The method of claim 23, wherein in step i said temperature for cure is from
5°C to 120°C.,

31, The method of claim 23, wherein in step i said temperature for cure is from
10°C to 115°C.

32. The method of claim 23, wherein in step 1 said temperature for cure is from

15°C to 110°C.
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33. The method of claim 23, wherein in step i said temperature for cure is from

22°C to 105°C.

34. A polishing pad having an at least partially transparent window wherein
formation of said window comprises forming a first layer and a second layer, at least
partially connecting said first layer to said second layer; producing an opening into said
first and second layers such that said opening in said first layer at least partially aligns
with said opening in said second layer; inserting a spacer into said opening; filling
opening above said spacer with a resin material; allowing said resin material to cure at a

temperature of from 0°C to less than 125°C, and removing said spacer.
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