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WD 2004/ 028745 POLI SHI NG PAD FOR PLANARI ZATI ON
PCT/USZOOS/OSQLAO The present invention relates to a
. pol i shing padﬁifn particular, the pollstnéﬁﬁ pad of
t inventioh conprises a sublayer
‘fgg‘é"?"ﬁi’ﬁg a top layer which can 5 function as%%gﬁmmwl‘m
pol i shing | ayer. The polishing pad of the present
invention is useful for polijshing articles and
particul arly useful for chentcal mechani cal pol i shing
or planarizagj , such as
a sem conduct o= [
pl anari zation of a non- planar surface of a
-,ntcroelectronlc devi ce to an essentially planar
sur fl2e Pressyt invension aelatgh b mgohshmgrp@df i particular] thespolishing pad of

f f, d
kbl R ool RS & shlayer B RIE AP Pdfief ihicp can
furtion B a lpﬁliﬂﬁﬁg)ﬁ@& bEHe\WoHEhih ﬁad M@pﬁéﬂt%‘@nﬁ& {s\Reful for
artlcle that Is to be” polished and the work surface =

hingartigles pad pargcwady ustdi‘vd forehemieal megharfical polishing or

d . waf
p M R LR B Rl SRLSRE by
| nt ényge:teeai thiepoliiHing em&:tmm&:asfahﬁncplm&lsﬁtm offa0r

’1

. gl l.icon or gal]iumarsenide. The integrated
m—“ét°aggtf?l§c sHepto W%Waﬂbphaﬂs%@%waﬂnm weabbingthe son-planar

mﬁﬁ%ﬁﬁagﬁr&%ﬁ%@t | né’gh&éﬁégm corduct | ngSQra er Pa’f‘%"e motion.
A mlshingrahmy cam hetmtespdssd bettween ﬂha raughenrfateoofithe hickethadie to be

nsi t of i t rat cirgc er wafer, it is
P°f}§§§ "eg%l@ y planar “pol i shed _
su bqlhé ﬁlﬁ‘tcﬁﬁoﬂ{ 61' d B:&’@roﬁ&&x%ﬁﬁ: dé@fd&%ﬂ&?&bta §Jﬁﬁc%ductor wafer

sem conduct or wafer 20 production process
gergaicionalyes the fovamagionmie @tmhtg of gﬂcmatadi kircuitsain tHe svafir

|4 nol i shi
colgpASbe i prarl 0 b Rt deite, G iitegtel gireins oo be
foraiedriycaderie® frptabessalste?@im ﬁmbmgadeﬁtéa)lafyrgspﬁatenm%uch as

m croel ectroni ¢ substrate can pl aced i n contact
conguckive, ipwilatingiand sgamondmengmtmls aveforoied vadhevibsiate. In order

e b de .of
to iRz} e PR nbeled bl g taﬁ%‘?‘ﬁ&jhm

essehidaliyqshday poBShetl @abdttateant Yaliiis sﬁigeé)ﬂtr %gﬁﬂm& 38mid6nductor wafer
p glledtothepaddurlnggpolls|n ol i shing

tion) Brocessin Then semicordcins veafenpsodnstion gameralbumhlvdss at least one,
s t her eof
e ST —
mov &me nhenmba]tmech}amda]r llisliiby CCMP) ?fwesﬁﬂﬁﬁﬁlbﬂieﬁcﬁémc substrate
ur rovided to. the device pad I nterface

ca:p%q %?41'5 cBgtaEto A i[.?@]dls Rad; dhe pad can be rotated while a force is
applied to the backside of the microelectronic device. An abrasive-containing chemically-
reactive solution or slutry can be applied to the pad during polishing. CMP polishing

slurries can contain an abrasive material, such as silica, alumina, ceria or mixtures thereof.

The polishing process is facilitated by the rotational movement of the pad relative to the
substrate as shury is provided to the device/pad interface. Polishing is continued in this
manner untjl the desired film thickness is removed.

Depending on the selection of polishing pad and abrasive, and other additives, the
CMP process can provide effective polishing at desired polishing rates while minimizing

surface imperfections, defects, corrosion, and erosion.



manner until the desired filmthickness is renmoved. 30
Dependi ng on %%§ sel ection of polishing pad and
abrasive, and%Bfher additives, the CW dﬁﬁtess can
witS fud/ee7af fective polishing at desired poli shipggifbifse1do
while mnimzing surface inperfections, defects,
corrosion, and erosion. t J2_-WO 2004/028745
PCT/-U52003/ 030140 -2- Polishing or planarization
cha teristhc e often. vari ) = PA :
P o a ol R ot p A, Bcd OBl pAE o pad, and
thriv@ghoat he Berafing lifetipe! df W iveg padh dfasiations inthepolishinghe
pads_can result in inadequately poljshed 0{ [anarj zed
charegienistiss ethe padsepngeuliipinadegyatsly mh%:;ﬁ of P an"ze substraies

whiShiack ASehal, TS Bl aldalle (5 UDrrioRRlliop b pEIiANE bilfbat
5 exlibinrducedtpadio-pad vardition is polishing or planarizatidriwharacteristics. It is

Lt S o i A s

el e , i e of

Pla@%‘?%%é%#ﬁ%%%%%zﬁsﬁhg%%#ﬂ HeStis oe%lii 35S G
The present invention includes a polishing pad
conprising a sublayer; a mddle |layer, and a top
| ayer, wherein said top |ayer can absorb at |east two
(2) percent by weight of polishing slurry based on
the total weight of the top |ayer. 4 WD 2004/ 028745 -4
PCT/ US2003/ 030140 The polishing pad of the present
invention can include a sublayer, a niddle |layer, and
a - top layer. In a non-limting enbodi ment, the
present invention can include a stacked pad assenbly
wherein at |east a portion of the sublayer can be
connected to at




-

| east a portion of the mddle |ayer, and at |east a
portion of the mddle |ayer can be 5 connggcted to at
| east a porti @ of the top |layer. The sulig&yer can

| ‘,%{?J%@é)ﬁgg4fs the bottom |ayer of the pad whi CQR‘E:TZGSZBEP/O?’“MQ

o the platen of the polishing appar
a non- limting enbodinent, Lhe mddle |ayer can be
substantially nonporous and Substantially inperneable
to polishing slurry. The top layer_ can function as the

The presentiipxengen ishudes g polishingpad esmprisingmblayen a mpigdle dayer; and

_ I ol by i ot wi

2 108yt YBbreh i fop 183 ba Aok o] BHSOF Slrpti b it of

polishisp slomy badsed tohnige o odighe of thetibelayep | ayer can be
porous and perneable to polishing slurry. As used
herein and the clains, the term"connected to" neans
to link together or place in relationship either
directly, or indirectly by one or nore intervening
materials. As wused herein and the clains the term
"substantially nonporous” neans generally inpervious
15 to the passage of liquid, gas, and bacteria. On a
macroscopi ¢ scale, a substantially nonporous materia
exhibits fewif any pores. As used herein "and the
clains, the term "porous" neans having pore(s) and
the term"pare(s)" refers to m nute opening(s) through
whi ch matter passes. It is noted that, as used in this
specification, the singular forms %" Ilran, |IT and
"the" 20 include plural referents unless expressly
and unequivocally limted to one referent. For the
pur poses of this specification, unless otherw se
i ndicated, all nunbers expressing quantities of
i ngredients, reaction conditions, and so forth used in
the specification and clains are to be understood as
being nodified in all instances by the term "about."
Accordingly, unless indicated to the contrary, the
numeri cal paraneters set 25 forth in the foll ow ng
speci fication and attached cl ai ns are approxi nations
that may vary dependi ng upon the desired properties
sought to be obtained by the present invention. At
the very least, and not as an attenpt to limt the
application of the doctrine of equivalents to the
scope of the clains, each nunerical paraneter should
at | east be construed in light of the nunber of
reported significant digits and by applying ordinary
roundi ng techni ques. 30 Notwi t hstandi ng that the
nunmeri cal ranges and paraneters setting forth the
broad scope of the.invéntion are approxinmations, the
numeri cal values set forth in the specific exanples
are reported as precisely as. possible. Any nunerica
val ue, however, inherently WO 2004/ 028745
PCTI US2003/ 030140 -5
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1 contain certain errors necessarily resulting from
the standard dgyiation found in their respectlve
testing rreasm%ents In a non-liniting ebdi nent of

vwg?(ﬂyogssﬁglt i nvention, the sublayer can |ncre31§’erm%ﬂg3mm40
ad an

unitormty of contact between the polishing p
the surface of the substrategbeing 5 polished. A
consi deratlon |n sel ecting the materi al for t he

;lrng_ tﬁe ca bl I|t of a(iriaiE Eelg]antﬂﬁlglélayer,
an®2! 4 gm#gﬂ maadnoﬁu&mhﬁ%bomng% prevent mﬂﬁnadahuaélhae a

con to the macr 0scopl ¢ contour or Iong term

stagked padasseintly whendindt deasbepertiop of theiswelayex cpmbe penpected to at

h bi |l it t
teafh paflas of e ERAE ek ol Al ARBRIOLS i Rl BFen bR
coiiﬁe%feﬁ% 8CleAs® B'p@rtﬁ)ﬁttﬁ&lieaﬁ)? layeti CThesublaysecandfanctiontagthe bottom

waf er, can have a "wave" contour as a result of the

lamnﬁﬂiacpaduwhn@cgnb@ gtiached fo ths plaien ofiht Be @@war.a?us t fpa non-
I

e SO et 4 2hEle B LD BB Bk nd W fantilly

impbBendaBleits poRdhinpahirey. "ERCLp ddyer ben fhacticntadhe p'aﬂtshmg or workmg

examle, 1 f the ad substantially conforns the ends ,
surfhoa oFéhe ped sl gt e dop e gk eamEialy TeraFovH Sisibgrat to

beéﬁ)gé&gfanﬁ put PSHHEEhE s Rl?lﬁft 9 B -lﬁlﬂﬁgg %\?ﬂ efiRE thH B e can be

wav e be poli anari ze nd
potdies ﬁd@dﬂn&abhﬁbp@lﬁsmslmeﬁal n substanti aI ly unpol | shed

or unpl anari zed a ngn-lintin qadi nen
subléy gﬁﬁ?m(?é“i%? {ﬁéimﬁ’ eh ecan%‘?‘%)’e [oeagg o ogether or
pl r hfati teﬁgép direefty, "b?%:?dne&lﬁ BY 8nd & hHR imeAefing materials. As

ness material. In general, the softer the

' us_amhaemam thmdmmsvthe terné‘sebistantially nenporans means generplliydmpervious
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to e FARREB OB RO S ATl o P RN EP GG b Siat I
dﬂgbﬁ%@ spteyial eb&mﬁ{s fERAf &3pdray 8%s used hédehﬁinﬂ&;h@clmms the term

| mting enmbodi ments,” the sublayer can, have
‘p@t:msé mtaniratinggore(s) and theteom “pere(x)7 refers tmutmgaenmg(%hmugh

ﬁ‘& %Fﬂl or from45 to 75. In further alternate
whish matE] pasy ' enbodi nents, the Shore A Hardness of the

top hayfedthiit, Rusedlin {tﬁs?kﬁiecﬁﬁau(iﬂ, tHQirpaldr xms "ay" "andand "the”
85 to 99. The Shore A Hardness val ue_can .be determ ned

inpkyde plumg refarentsuwlove ermeslyand vaganivoraty Litsdito pRe referent.

L i OO SRR, o e, l s

e rés@m@lqhmﬂtﬁ@ bf ﬂl@redﬁbn@ﬁfdwcﬁbn idditjons,sind go dorBised it Thepe
" Duroneter having_a XI nmum |‘r)1d| cat qQr &av I,abl e
sn%whqm@p diclais aredAbs un %0%5% %%gmege)ﬁ Instances by the

t&ﬁn’ ot @H@? 3%%%3% dikf&1 o884 ¢ %cf fimeredPh&areters set

dhess can he penétration of a specl f| C
fdrgmﬁ thff fo!lndmgtspeclﬁmmg ahd nttadie® Olaimg are approxmwtions that may vary
der .specified co d|t ]

ramae mn  he dearepropracs amie be pipined by i rrpseot ipvegion. At
eI i t 2 gtqogéb %eagfeﬂlpﬂﬁjhﬁﬁ'ﬂlebfppﬁ%ﬁ%me Rtdfef equivalents
to the scope of the claims, each numerical parameter should at least be construed in light
of the number of reported significant digits and by applying ordinary rounding techniques.
Notwithstanding that the numerical ranges and parameters setting forth the broad
scope of the invention are approximations, the numerical values set forth in the specific

examples are reported as precisely as possible. Any numerical value, however, inherently
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vi scoel astic behavior of the test material. WO
2004/ 028745 . -6 PCT/ US2003/ 030140 I n anot her
non-limting gibodi ment of the present ingdntion, the
subl ayer of tW& polishing pad can have a%* '
“E‘aﬁ‘fi’r’é@i‘%i lity greater than the top |ayer. | PGHBY2083030140
non- linting enbodi nent, the sublayer can have a
conpressibility greater than3the nmiddle |ayer. As
used herein, the term"conpressibility" refers to the
coR@InCRfthin\ePlos ecassEOIIRE QGO rbin e SRRBH &VHon! fBu in their
non-l'i mting enbodi nent, the percent vol une
respeeipiedesting meagyrementshe subl ayer can be greater than

t he [ t ...VOl .C r ihility of he | ayer .

| 3 RpR Ry s irdterh e Shom, e SbfRbet @ Hherease
the/elifoimite 0fporRad bbivideh Yhe pflishi Fpﬁd’&_itﬁ&&@ buratie of¢hd ibStrate being

than 20 percent when a load of_ 20 psi is applied, or
polished. 4 eapsideratiqndn seleetingbp mpterighfpr ghe smblayex cande the capability of

L | I . r ' . [
» R 3 proldel oS b Ulp P 56 Bork Efiel ot BB G0 iy R hat
th?bpd@et sub@tauﬁaﬁc@ummﬁ&b e l?liqto@ﬁpibhentoﬁglibr_ llbﬂg-&r_ nw@ﬁacef : of the
e | ess than_ the percent_ volume conopressihility of the
dewsLaye P?E%%ﬁd-aAfIB?tFH@rhaVWBﬁa%di cap3biliy canbe desable, for wee as the
su%&&%ﬁihe}b?&éﬁﬁn@%ﬁ?sy bility of the top | ayer can be
- at

| east” 0.3 percent, or 3 percent or less, or from
0. 3 The serfperod amyicrosteetronic sobstratef si2h ap 8 isemiondyaybdr veafer, can

hag S, Wi ORI FRATESY AL100 BB REt AR PR TS arateR Al thtif

th%ﬂé&lishh@ pad Batiot hdghhiel, QERRA] BRY SwivBe cHRbGST ity flbehRe

npressibility of° a pad |ayer can be determ ned using

surfhes, fhgmr_nifw*mi@r efdpe pelishing suceran be dgmadado| Rorexample, if the
e B

coffibatle fidile périon of & “Wave’h OnBaHe bR EOPava® tart BepiIRhed or
when the load is placed on it, thus, the precedin

plangeized a5l themiddie portion sapreein sibsinbally mpplishedsop Nuplogatized.

excprt P 88 o e 16 Fer tin bR ot S e g
usébeteihpthe terins6RAGSS 1eifiitsl & the Shee A Haabledsifahe fatesal SHSeneral,
wi t hoyt | oad) The pad | %‘yer t hi ckness can be

thejeafis theimaaieriali the lower 4hq Shape & Haedusss vale-ndbus, in fhepressgt
ol S TR e of BE et P e R3S S
Hardmds$ ealu¢ of the &y layart dnl alierngth bep-lienitisdemipalimsatpthe seblgyer can
e R Wrbif
have a Shore ardness of at least 15, or at least 45, or 75 or less, or from 45 10 75. In
further alternate non-limiting embodiments, the Shore A Hardness of the top layer can be
at least 85, or 99 or less, or from 85 to 99. The Shore A Hardness value can be determined
using various methods and equipment known in the art. In a non-limiting embodiment,

Shore A Hardness can be determined in accordance with the procedure recited in ASTM D
2240, using a Shore “Type A” Durometer having a maximum indicator (available from
PCT Instruments, Los Angeles, CA). In a non-limiting embodiment, the test method for
Shore A Hardness can include the penetration of a specific type of indentor being forced
into the test material under specified conditions. In this embodiment, the Hardness can be
inversely related to the penetration depth and can be dependent on the elastic modulus and
viscoelastic behavior of the test material.
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change in thickness of the pad | ayer as a result of

the load. In a_further non-limting enbodinent, a

M tut oyo El ect ci)j}g:nl c I ndicator, Model IDOL *12EB can be
VO 2004/ 028745 PCTI US2003/ 0301406° - 7

Wégl ca?&? has a spindle or threaded rod which iécwugzoosmouo

fitted at one end with a flagk _contact under which the

pad | ayer is pl aced The spindl e can be fitted at the

{5 Tnasiendidins hesdon i o R 40 e
poﬂ%?%gt or gﬁséh? pl ay sp %ﬁﬁﬁgbs%eggfeﬁeéﬁﬁﬁg? ﬁﬁ)}@h L%dmgmera?/%nr-

Jlintitiag bmbocgm‘ent; theasuplayérmmgn hiavee 4 cemipreSHikilityngtcatan than the middle

di Iy, f h
e R acresst e e bR B O hG melir s R Yo lies
co&?gen%%lﬁﬂﬁﬁ theasitéiRertS Iifa ndA-liHiiOY LB RIS hi) the GefRht ¥lume

provide stability Whl|etaqu;%the i
compeassibilite of te sublayericar be greaigr thansheprscatt velmesampresgibility of

thc%glbe spf f ﬁ‘%[lmgnt 1P ermt@ﬁ@%%ﬁg&ﬂg"?fgﬁf&g ressibility

ofiige iibﬁ&cﬁdﬁ Heasslchal 2(@@6311&%6& & L TR0 18I 8 appliddpor less than 10
permt “uni form contact between the test pad | ayer f%@psus

perdgat when a loed 0520 psiineppligd, onlesy dhan ypgreent sdhen @ leadp

apgi‘;%cf e%}g?ﬁggg%&p@m}t&r{% enibod '&gﬁ& tth B 8512{:3% e3§o re&t.spﬁlnar of the

gﬂybb@t&Qeéﬁahﬁ&e pmezghbmmamnh;ﬁeaﬁdhw dfmhet dnblayer In a further
l'ance pan for a specific resultant_| pad,

nandljmiting jgaypodisend Wﬂé%‘@&lﬁﬁ?ﬂf@%ﬂb@@%é’&tﬁw Eéfef can be at
P, ISR, g 1 et g g0

appliedkness of the pad |ayer prior to applying the |oad

m nus, the thi kness of tEﬁm’?P | ayer undg t he d

specThq REgoqnE YRlugS FoReress RNt bR detetimined using various
mgt!rlrlg h4re. B mldmhmf@muoa xlesi e brdbritivaBime

odiment, a load of 20 psi can. P ied to the
copaatedsikly. of wipad layeneantbe ctsmmmdrmmg the folloswingeipressioad
tenperature such as roomtenperature. In a
naon-limting enbodi ment, neasurenents can be taken at

a 2014enper at ePvdhumé uﬂﬂioml IBadi— 1dybrvdtivig vinder load)
enbodi nment , the a ove- descri of neasuring
patl | ayer thi cknes@a@bﬁeb‘@la!apwl@%ﬂ@a@o a stacked
pad assermbly or layer(s) conprising the stacked pad
assenbly. In a non-limting enbodi nent, a procedure

for PaseH-IndginpantRdimats, tHetrea aﬁthecpmnsm tbdsl ot yhamga when the
i nclude pl acing the contact on the qr ani te base and

load is placedpniit hus, heipseseding eauationdor vqlyme vpmpresybilibt canche
€8PS RS ad Mhet HScIRED YL FRIRGRS cRRedsRR. |

100 x (pad laver thickness without load — pad layer thickness under load)
(pad layer thickness without load)

The pad layer thickness can be determined using a variety of known methods. Ina
non-limiting embodiment, the pad layer thickness can be determined by placing a load
(such as, but not limited o, calibrated weights) on the pad sample and measuring the
change in thickness of the pad layer as a result of the load. In a further non-limiting
embodiment, a Mitutoyo Electronic Indicator, Model ID-C112EB can be used. The
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granite stand under the contact with the edge of the
contact at least 0.5" fromany edge of the specinen.
The cont act c@if’ be | owered onto the spem@n and the
qem Jsty th| ckness measurenent can be taken after 5
200402878 hds. Wthout noving the 3 0 speci men RET/E$R03/030140
~contact, sufficient weight can be added to the pan to
cause a force of 20 psi t o e applied to the specinen
by the contact. The reading for the specinmen thickness
indioatdehad aspindie asthreadeditodoriclbeanrlvedfites) at ene & with  flat contact

ndBE R ot 8RS T o B PR BB e abibe aherend Wi 2

dovide By STRARHE GIEREN 18445 ﬁfe%ﬁﬁ&t O2ishiDRbUP o Liited to a balance

speci meén at | east 0.25" apart using 20 psi

pancilriph aeospts calibrated weights. sThsi Indisator displaysihe |dwla&emm‘eof the pad

LA AR NI MUNITY A8 (T Re—"

inclicd P efilimdtéts! THE ERtirbiic BAASH G BN be M= o efinde B6th as a

conbi nations thereof. The material of the sublayer can

Mitgtoyp BasnisionBrasite ftandoto prpvide stebilitywhile taking the measIemens.

Theolg{ergﬂﬁgpéﬂos gﬁ?;ﬁg} g,? l?y%& gﬂﬁpe nﬁ@élantgtl))( gﬁ;gzﬁ %%Ietgénts at least

0.53 6ty edgé. UDRe 161266 6f the bdiigen@mBedTut and paybidd] over a sufficient
silicone rubber, chloroprene rubber

are%tqaﬂr@ﬁém#% FPRipet betse the tggfpad 143{959%4 the flat contact. The pad
lay Q{) ¥R 'fés?eq!' ?%Qcﬁﬁxgdep RleYfiat QRiEAC T'EP %gﬁnesﬁ% ad la er can
YNer s, ne adi ene | .0 copol ymers, copoP

be méasatdd;@rmm ¢ amdymg kel load. r@dhbaated bilencenvesighte ca ivs at;ded to the
IR RS s 0, TP T R Ap b s under e

e%%%g TR %te'rﬁdlsétaﬁé ﬁyurgﬁ]%@ﬂ'&ﬂ?ﬁ{ggﬁ%ﬁg%@r the

esters, po yam anes
spebified doadn Tﬂmltlgaekmﬁss of &n Qacblabrgtq:ﬂca'rte appipiag dledoad mémss the

thiqheAEts o e iy it ik sRbae et o bb S50 1 bt ERTD? ene

dispiacdtheh® oS 1he Pha layet! R a%ntmﬁmagtendvoﬂhﬁ@@ A18ad sMohre be

are commerci all avail able from Senti nel Pr oduct s,

apnhyé nthe pamllayep an&amw@éastanéudizeégewmmsuch as
hos | | |
roop} BieErr e S iy ene BB A R G B s ket e

ten{#éﬁﬂmes,mg@tt@ﬂ_@@[ pol yol ef i n foam sheets such as but
not limted to those which are available from Rogers

Cor bm mn—bmhngmb;ﬂunmt, io:3 ab@@-desd:mbed melhadﬁrmeasunng pad layer

thidk SR o0 ok afirticBRRE n SRk Pl G Vo sbRErALog the stacked

pad 38&HHIY; such as but not linmted to pol yol ef i n,

pol i/tf pol yam de, or acrylic fibers, which have
beeln a npm hMge@mbmera, a @&mdurﬁrfer ehYREing pcmenbsolume
sta Ué ntlaII con nuosln{eflb

1

e contact e granite base amie adjustmg the

indicator to read ZEro. The contact can then be raised and the specimen placed on the

‘granite stand under the contact with the edge of the contact at least 0.5” from any edge

of the specimen. The contact can be lowered onto the specimen and the specimen
thickness measurement can be taken after 5 +/-1 seconds. Without moving the
specimen or the contact, sufficient weight can be added to the pan to cause a force of 20
psi to be applied to the specimen by the contact. The reading for the specimen thickness

under load measurement can be made after 15 +/-1 seconds. The measurement
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can include but are not limted to non-woven fabric
i npregnated w th pol yurethane as 25 descri, e in United
St ates Patent 643728, 552, such as pol yuret

woRsanAI£d felt. Anon liniting exanple 'Of a1=(:Tf%szousm30140
commerci al ly avail abl e non-woven subpad can be S

IV, from Rodel, Inc. Newark g2E. The thickness of the
subl ayer can vary widely. In general, the subl ayer

prtgpégl(:kn can bf sgch ghat t he %ﬁ%ﬁ‘p‘iﬂ-@b@nﬁ}’%ﬁ&% nthe

spgflﬁﬁna{ieahh?zf’aﬁ’pdrﬁ udiff20 klfdfco ré3sive Bgcgli fficult to

ce on and take off "of the pl anarl zi ng equi pnent In
aI t eT‘hwuublalymahlcnmpnaga sideoehrietnofspatetials knmm;nehe edn Suitable

P gt AR iade neared roen Sy Ousa b Bl Japiopen doam

shidkt Qnﬁ%mbhﬁﬁh&sthéﬁb k’Ihe%:alQnQ&ﬁ"th et Sinde fothePor08wn to
I nches .thick. WD 2004/ 028745 PCTI US2003/ 030140 - 9 The

rpduqeapqnqzammfe t Fhe powewsavuciurs cantiecpen aell. clnspd relb

it e, M e SRS

ruBdE; J;maaﬂel riBbeEMdstopRAé rubbeg efhiyliak Hropdietie rabtier tarty] rubber,
subst anti al | y non-vol unme conpressible. As used

polgingadienembbarepolyisepraas mbbera EPDM polympsrs, shyrene-butadiene

B i M AR M
neévptede/BPIM/SBR hiblet, and comhinmbnmhﬁrsof Nom- lpamtgmxamples of

vol une corrpreSS| bi I, ty of t e Iay can be at
theamaplasigglastoperyeandariide pelye ﬁ%ﬂepe ¢S, palyirethanes

sifth ab BRI Bakd Q)ﬁ)pogﬁpﬁ{r‘egé%nld bﬁi‘Jllg'ieEfe?se gx%rf’ : gagfgtsé;gihe&ht Non-limiting

percent vol ume“c ity € m ned usi ng
e:aam;ﬁs aftfyam Sheet caremtiude athylme by adetasewsheets antl polyethylena foam

s, Bish 2t rwiggoa“?eﬁ R i e ST AP o Sefnel

&) %&nﬁe ﬁﬁﬁis%)é&ﬁj R 2P @Bt fitnitkd totHose which
Pfeiﬁ%od’ nt, the ff@m bility of thSle1 maddl el ayer can be

arcolmmédncitlly avedlablefrdnafithrud incaddipneaapsliy, M pod mwethaee foam -

SHEE e S oo ep P B A PRy oh e e Wi available
HORIRY éfcwpﬁﬁdﬁbn,moamé&mer nhon-1imting

Iment, the mddle | ayer can be nore flexi ble than

the Im@ﬁnr&yzenon-lm@n@m prty the gulayer gan ichide aon-axpyen or
det

68 P h CHEL SR FERIAEELNEND Ay,

polybsied, Pollyarhide, ¢riaerylifiiees, theich lave Bdeﬂ)i;nﬁré@atddnwiﬂi stesin, The

relationship of mddle |layer thic flegss cubed (t?%pand
fibia oan Be SABIE oR BRsTAF Ay cQUfEmOus 1o dh g examples

| .
cfiputlde But dre Tptmitdh BB ﬁ?ﬁ#ﬁ#&%ﬁgﬂfhﬁm@ﬁm as
deseribé il Bakdéd States Patent 4, 723 ,5311, shehapstpoly@ethane iinlprdgnate@ félt. A non-

In_another non-limting enbodi nent, the mddle Ia)é
Ligniting exsannlepf 2 epramercially availabignon-woven subpad can be Suba™ IV, from

Rodel, Inc. Newark DE.
The thickness of the sublayer can vary widely. In general, the sublayer thickness

can be such that the pad can be placed on and taken off of .’rhe planarizing equipment with
ease. If the pad is too thick, it can be difficult to place on and take off of the planarizing
equipment. In alternate non-limiting embodiments, tﬁe sublayer can be at least 0.020
inches thick, or at least 0.04 inches thick, or-at least 0.045 inches thick; or 0.100 or less
inches thick, or 0.080 inches thick, or 0.065 inches thick.
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conpressive forces experienced by the top | ayer over a
| arger area of the sublayer. The mddle Ia er can
include a w dé ‘karlety of materials kno :im the art.

materials for the mddle |layer can ¢
@\?\n@ %é'?l ety of .substanti aIIy non- con‘pressﬂfé@ﬁé%gﬁwm"“

pol yners, and rretalllcfllrrsgandfmls Non-limting
exanpl es of such 25 pol ymers can incl ude pol yol efi ns,
such _as but not linited to | ow density polyethyl ene,

hi ghThepelishingmad pé thenressnt mmqﬂpa cAp gompmsecomidgle lapary The

w5 A8 RphEd e il A o ot 1o

néelihidinsen fridhaitcthe auiddie tyetit0e dﬂbﬁtﬂﬂtﬁm@moﬁ%wm&compresmble.
pol yesters and co pol yesters, such as but not %
yseddperein,the TT&% e volume

su mmlameﬁem}aéﬁfﬁ

plastl lgéeg bggg% %og/oﬂ%h%%ﬁer e?’fg %Elt ong? pol y%ﬁ%ﬁaﬁgﬁghmmg
erdbodimentspihy @Hﬂcémmlum@cdmprmsﬂﬂatyaﬁ thepaiddét lagerican He at least one

(LA T B0 PTOBE 45 551 BB Onl{d) REFRFT R oo Lloent. Tht
I GEB@&&Q&;,&R@&)M% Ty 9B

t er cah var y.- I'n alternate non
miethoids known énthe drtnim& aon—hhntmg aboslithentethe gaathddforapplying the

logfl o Geasu i RIBCERI0 YD RS b ASU Do e oaR bR emplbyes
LinT §4 anlﬁmﬂﬂig;@ﬂsodlﬂl&ﬁ, ik Aekiilltp ¥ Lthe paiddle YRt & bSSuch that

a substanti al arrier to fluid transport Dbetween
thettep laypr ¢ampadequately corfomutsl thy eracroscepiner lag-dermomirfape of the

el i e AT B PRt R . 78 fther

néxf-ﬁﬁﬁﬁng &hbodiinést, the reidale r!iyeﬁbdmfbmereeﬁ&mlslhﬂmhmmap Odyler. The
polishing slurry from the top layer to the
ﬂg@bﬂay ef themyddle Aayier mﬁ detyminedoningsiqrious methadyigawn to the

ke t
sfilFhal 1% Bkt Bt albﬂéﬁﬁdgé%% 388 b e ffhined by the
isehstralatioshipofaaiddiedsyes thitknessambed )r@dshwﬂmal mcmhm of the
alternate non limting gnbodi ment, mddlel
e byepBiiesabiEd f-a Behl/t Bn dp aliwspate ﬁpnguwne& fpb fonts, the

ﬂgaﬂgpgtgg?&e}n%ﬁglkq urtﬁ:ﬁe :Q‘iéaﬁ 1 Y988 of B r;\gﬁ,glb@ﬁl l'b‘

er non- |mt|ﬁge i ment
subl &y enothearmohdinsitihg emhodimehty theatiddlxtleyerwan function to dxsiribute the

S-SV Brskiicatel DBk 614 5 bl G sobfEL
tec hmhe k&ﬁadikwcézﬁnah&e & Wide ﬁﬁﬂ&ﬂﬁﬁ&m@ﬁ%ﬁ the art. Suitable

punching, die’cutting, laser cutting or water
naterialfpr tipiddlel leyesicam comprise @rwide cramembf glbsantleky mfn-

o 8l e Aol G e

polymers can include polyolefins, such as but not limited to low density polyethylene,

'high density polyethylene, ultra-high molecular weight polyethylene and polypropylene;

polyvinylchloride; cellulose-based polymers, such as but not limited to cellulose acetate
and cellulose butyrate; acrylic; polyesters and co-polyesters, such as but not limited to
PET and PETG; polycarbonate; polyamide, such as nylon 6/6 and nylon 6/12; and high
performance plastics, such as polyetheretherketone, polyphenylene oxide, polysulfone,
polyimide, and polyetherimide. Non-limiting examples of metallic films can include

aluminum, copper, brass, nickel and stainless steel.
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| east 1/16 inch, the nunber of holes can be at | east
26 hol es per sguare inch, in a staggered h
pattern. 20 ' %e pol|sh| ng pad of the prggent -
wOVBg2eascan conprise a top |layer or poli ‘shi NG CT/US2003/030140
| ayer. The top layer can be selected froma varrety ?
suitable materials known in_t art. Nonllmtlng

exanpl es of suitable materials for the top |ayer can

g dBous aretﬁmqéaf”zér?%aﬁv" Viels oGlEmRiprimitog
eﬁdﬁb&ﬁﬁmssthetnﬁad@ﬁﬁ%anﬁg%éer RRks oP A 15%?5'0@%@ ng:ﬁlaé/ BES.0030

an organi c escri
inghées erdesst atﬁ&nrﬂdi&lﬂtto pHE20 mheson Ser i al

10/ 317,982 nt e ar.t of ther . astic resi n
as di%%??‘bgﬂmli"ﬁg li%%é[g Jory@sA substantial
bxriki 16 MAEQ rt Rtweth (B0 d@fe@ Biupﬁ:e sﬁﬁlﬁy&r %ééﬂsﬂmﬁonm

sintered powder conpacts of t her nopl astic ynmer as

s e@;lguthmmaxenalmmmmtb@ maddbe layer @né)ezbqahgw &f the material to

sihsrfuY thae sl SrRRANT P EaHiE cpreabl o Bt sty from

tlid:tbp l3yeto tﬁ@mblmi' URiea mLMﬁﬁ{dg%nﬁ%dlﬁédtj B8 tniddle layer can be
|m %gnated vvltha&:_’urallty of polyneric
|impereapblefpep ¢ gublaxer deesonnt hecome

d.-sh H! ﬁ as described in United
=§§a¥ es )elgjai%[en gugl,‘efks)nlb%l d 5,578, 362. The thi ckness
of t [reari alperhay son-limitingeemybodimerd) the middle 14@n chn Bé pérfifated such

enbodi pents, the 0 WD 2004/ 028745 PCTI US2003/ 030140
that polisspg ShTEY canpeneizafe th top apdamiddle layersto wehthe spblgye. Ina

G i i) bRt (SRR S bE bty LIRS 1,
pelisthing shemmy., 'Ihehprrfamndna;mﬂle aaiddledayen den boformed bl wilavariety of

shi | t tial bed b
st ars Kaborm £ e bR arosat ulls mitehibar g o, ater
chifind bf RaRajed cit@ig! THE £o18 928 TBtHFBAd SonfighatioRRof ¥ forations

can have a Etrosny expressed as percent pore
cemvaywidey. inanemlimitingesrhodimentythe pedonatibabels diametéraan be at

55t 0L i BB bero el OBt BY el o el B goat i ssegered

h@Ingaft@_ﬂ] 2 to 50 percent by volune based on the total
vol'une of the top Iayer The percent pore vol une of
t he PFo¢ palishing padpl rﬂwmseetamvg@qmeqaglcmw atimigyer or polishing

R A e

Noa- limitidg Teﬁarﬁplbslbllf Aiteblp ﬁiafdiﬁls fetR: tup ldym?canlaﬁ&u&e but are not
(density of the pad |ayer) épore vol ume of the pad
lipyted tg particulate polymer and crosslmke polymer binder such as described in United

States Patent 6,477,926B1; particulate polymer and an organic polymer binder such as
described in United States Patent Application Serial No. 10/317,982; sintered particles of
thermoplastic resin as described in United States Patents 6,062,968; 6,117,000; and

© 6,126,532 describe; and pressure sintered powder compacts of thermoplastic polymer as

30

described in United States Patents 6,231,434 B1, 6,325,703 B2, 6,106,754 and 6,017,265.
Further non-limiting examples of suitable materials for the top layer can include polymeric
matrices impregnated with a plurality of polymeric microelements, wherein each
polymeric microelement can have a void space within, as described in United States
Patents 5,900,164 and 5,578,362.

The thickness of the top layer can vary. In alternate non-limiting embodiments, the
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15 The density can be expressed in units of grams per
cubi ¢ centi net and can be determned by a variety
of conventi oné“met hods known in the art.&n a
énbodi ment, the density can "o

‘gg@bﬁﬁhﬂa in accordance with ASTM D 1622-88. FTHRE/US2003/030140
pore vol une can be expressed in units of cubic
centimeters- per gram and call he deternined using
conventional nethods and equi pnent known in the art.

top yér caahav?da thickntisnd aeleasi@.0B8rihchescoret leabi0n@®ciachdssor 0,150

. heasuyed |&g ccordance with the nercury porosinetry

inchgs A sq,ﬁr FBA€[8, using an Autopore |1l

mer i [

T Sl IR e b ORI 5 SRl g
polishing slan‘g rhs be atrledstpartislily absdﬂ:redtbbrehé top lagper.nGhe number of pores

cax?%%‘g’r:%h"la?m GO e e S hodbadiss e P BHE Y e 3 Sorosity,
ex,%kgea% gm!r@o&ﬁmg 1t Rad2 n;see&%f by’\vmaﬁie%éafonﬁﬁe total

m crone f mercur In a ['1.m t1 ng enbodi nent,
vohime ofiibe tcmﬁeyer,omrs Olmmntm lessdwtvolumebased bhyhfoqwnh volgfrie of the

topb ok PO e LollmR PR pn e otal votiindosie BRGver.

l. ea%e%eﬁﬁh@ﬁi?& v&]ﬁm\é@fﬂi& dl’i&h:ﬁ !pb.é %@ﬂc&ﬁ'ﬂérdekrﬁﬂl%&@sﬁ@a
the total weight of theto aver not nore than
vasgtymfrt@,cémqub@/lm@mgnfche @t hrwmﬁwmémbodpnm the:followving

exBibst sl Bt beRONRE 75, ooves o

patterns in the pol i shing surface. The types of

grooves and/ or tterns can vary and_can i nclude

t hosk00¢ é@sﬁwr?égm nagd 13568 xipore wolamaef fspadayeBki ng t he'
gr ooves and/or patterns WO 2004/ 028745

PCT/ US2003/ 030140 -12 can al so vary and can incl ude

t hosEheaiensityndanbe akprerded dalaniknafigrarhsipérivabizrcentimhetes and dan be

I|m.t| enmbodi nt t.he .gro can.incl ud
eteammnse YA amiely ak envepgional dpeteds ﬁsnPWH ﬂwﬁwﬁﬂéﬁm—lm@ng
,bg]m &@alﬁk r |
eniaﬁ [ gnee%ﬂttﬂghf or%q%ﬁgf%%é g assenbl ));hﬁﬂﬁs ¥ur1tt6%gr8byme
ponovellingican heexprésset] mamits ob cllﬂhe ce¢mgimetery per grimi frel can be

aclpimi o it Brel spcthods 3o gy moltma At -

lishA%8 lenfbBinktH %rel ﬁﬂﬁ&he BaH bd RbAsvr<dqn A6k Shct Hidithd El@ﬁilry

a port| on of he subl ayer. The nmeans for at | east
popesimely mgthodrim é&t’ﬂ'\h@ 4284-38ysing an Amtqparq/mmd@uw porammeter

oy Ny et boi ot B MR Gl Pamyotume

mbd%u&.nidﬁfstd&ﬁ be Rfade Lhder the @16 WRRRCi oMEitions: taf&ntyaeéh“gld‘ &rmb

| east partially 10 connecting the |ayers can incl ude
mersuRvEses /ensien of 4891 dyneyemamndedegassing of shepalishing|psd fayer sample

w5 Vb o0 ind Y SF e an e sel ected froma
In a non-lirniting embodiment, the top layer can have at least a partially open cell

structure such that it can absorb slurry. In alternate non-limiting embodiments, the top
layer can absorb at least 2 percent by weight of polishing slurry based on the total weight
of the top layer, or not more than 50 percent by weight, or from 2 percent by weight to 50
percent by weight. .

In another non-limiting embodiment, the top layer can comprise grooves or
patterns in the polishing surface. The types of grooves and/or patterns can vary and can
include those types known in the art. The method of making the grooves gndlor patterns
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wi de variety known in the art. A suitable adhesive can
provide suffi %:nt peel resistance such at the pad
| ayers essent#&#ly remain in place durin g,f%e

vﬁb‘ (&,%Es-,ghe adhesi ve can be selected to suf fﬂ&rﬁ%l&%souo

stand shear stresses which are present durin

pol i shing 15 or planarlzathgkfrocess Mor eover, a
sui tabl e adhesive can be cap e- of suff|C|entIy

resisti ng chem cal and noi sture degradation duri n%na
non-

canjalso vagyangican inclgedhasrppuientienal sethods kaows e ¢d-
hnggrﬁééﬁn%cﬁm%%?es B&peg cfne gcgﬁégﬁﬁ-lcrﬂ,_{cﬁg to contact

Sl ves, sensi ve adnesli ves structural
adh@s awes-linfitthg &ﬁbbdxﬁﬂhf; giewab-, niilldle andtapdayes can be at least

adhesives, curable adhesives_ such as. but not. Ilmsmg
pagtiglly plignadte formng siagrda emim efiogrimitipg embodiment,

G 18R of M Rolibithy bR IPleak ludly CORLEARS Bfehiorton of
a rhiddlel lﬁyar gd theshiddleNayer lcawbé atrigase parnpllxeeormnfacted &satdenst a portion
poI n include natural rubber, hutyl rubber, .
P Tran CEbe e for 4 hoh REUAY AOBRtings e e, PR pidely.
i %}fé[.s% Qsﬂ'ﬂlﬁ?&ﬁl m8hs
TH% 1 acjmt ot Kos bas d g%ecgﬁ%%%?éﬁb%?ﬂﬁ known to 2
skilled nttisame k4 fuatheshen-Bmiting eazho;ihnent,atbf: theasy for it least partially

cof Pk Rrhraeouls PRk P Ly s ( hercof . 11

al t eyunable adRekivel atkfidl9 fR O H e PieSentdnveRtios 6at I selected from a
sensitive adhesive can be applied to a substrate using

wide vmfg}akn@wa,mtheﬁrt A Bitahle adbeivegen p@?ﬂ%@@ﬁﬁ@mﬁcﬂe@hﬁﬁﬁﬁme

w@%pﬁlgggaia%ﬁ uc n%I a’F e cﬁﬁ'{ es cangltuﬁ%l ude ef, hd adiflsive can

belseleytet @b E\&’ﬂ&eﬂﬂﬁﬁ.&ﬂ:m sh’éaﬂsmssts eyhivtyare preisent ddting theqlishing
such as but not limted to those based on t

orqagRLjeatiop Prafest rMareonpls Fuiible adheyc ek %5@? AE sfficiently
SRR ol ST\ I el Sk

suitable adlkdsivenadtertn crhﬂnbiad& but atonat lnmlt&d, to chuetact\AGhesives, pressure
20Q4/ 028745 -13 PCT/ UUS2003/ 030140 a lied to . .

seasifics adhesives sqtgl adhesiKgs, o4 e Pﬁlbge ﬁpﬁr@eplg?ﬂor?dﬁmms

cufid1d ?cﬁfé'é‘ﬁéé MieR aS Bt ndt &1 fgﬁ?o Efeﬁiiﬁs%ﬂﬁlg\é!dﬁé@wé C&ldaofbinations

copolyners, styrene- I ene copol yrrers,
ﬂwmﬁ@lene et hyl acrylate copol yners, polyesters
pol yam des. such a b t not |imted t hose.
P F oot et it PSP LG PR FF iR B8 elastomeric

pdlPh¥ J\ﬁﬂéﬁrmg'iebﬁ NdﬁQRniti’ng‘ekbxﬂﬂle§ Hﬁﬂﬁﬂtﬁﬁéﬁo pdl?ﬁers can

nm ddl e | ayer "can i ncl ude an adheslive assenb

inglye patuzal nubberybuty! peblyes, blotinased rubber u:elynsabetw ene, poly(vinyl alkyl

nt er bet ween.an u
Sl PR Rl RS s K oot e o RUF o R Rppotymers of
Zkﬂl?meRﬂQicrﬁﬁB afid Heryliew&4, block copolymers such as but not limited to
styrene-butadiene-styrene, and mixtures thereof. In alternate non-limiting embodiments, a

pressure sensitive adhesive can be applied to a substrate using an organic solvent such as

toluete or hexane, or from a water-based emulsion or from a melt. |
Non-limiting examples of structural adhesives can include polyurethane adhesives

and époxy resin adhesives such s but not limited to those based on the diglycidyl ether of

bisphenol A.

As used herein and the claims, the term “hot melt adhesive” refers to an adbesive

comprised of a nonvolatile thermoplastic material that can be heated to a melt, then
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can be at l|least partially connected to the | ower

surface of the top layer, and the | ower adhesive

| ayer can be g | east partially connectedko the upper
surface of th&Fsublayer. The 10 upper, nigdl e, and
WQAW#02834%r s of t he adhesive assenbly can be ROTEI2005/030140
fromthe aforenentioned suitable materials for the

m ddl e | ayer of the polishirdd-pad. In a non- limting
enbodi nent, the upper and | ower. adhesive | ayers each

ap;%%ﬂr e? sﬂﬁ%ﬁ% 231486 'N@nshmﬁig%ﬂﬂbkﬁ of Botahéleadteyivedin

erred to in the art as two-Sided or
inclidie ethylensatinyl atetpte copdlpmers; styrchergutagdiens repolygners, ethylene-ethyl

B

the[?eéﬁﬁ%h%diéﬁﬂﬁé afd Bmef 26€ aaaqsaxspﬂtmeﬁt rength Doubl e
Coat ed Tag@sl 9690 and 9609, -Doubl e Coated Film.T
4421rah donkligiting eghbadimend; the middleteyenran inglide an #}S@Ve assembly.

OPC an bl e

T iy Aty Spp Rl f il 1531 Siar B LR bn wlblR adhesive
layePad MRiwe Bdsive 1a4RF.1 BtnorPldnitiigi eng)oﬂimmt,lthsum adhdsive layer
the art. Non limting exanpl es of i tabl Iurrles1

can bp 21 jeast partinlly copmested fodhe i W‘ftfﬁeffﬁ?eégé'i*&wl’ Eheng the lower

e

s 6055 A p RSl ol e i SR @80er. T

Wcﬂe ,@ad &&hr&d&&rmﬁh@ﬁdmmfz agséMibly ashibe lseleeted fioot the

| ed 00
SoTBRERORE SIS YRS T the pielp B PRafiie b petdp apen-
hﬂu Eﬁg&ﬁﬂmgﬁhﬁéﬁﬁ%‘a ﬂﬁ 15RBr AdhESiVe ﬁ&eﬁs 'é@clf&ﬂ vRrenfabeadhesives.

trate to I shed. The polishin
'Ihal adhmvezassgntpiy omebsrefaredito dh ﬂﬁ@rtrmWﬁtgl QI‘ é@lm%h@ﬁg’-’ tape.

.25 rel e to the sub belnq,p
Ndafmiing sxpopfe plmgesry Ay aigne adharrt BSeRPids3Rs fope from
3M fﬁdﬁu‘ial THpE ahd ShecidMbsRMTIAmdef the ua&@@dr@es&hghxsmgth Double
for use inthe present invention include slurries

CaatedFapes A6Pand 609, Dpble Conted Filmpkapss ¢bkandi 48, High Ryaformance
DYHGO Fipe TOUPE B Holfle CROR B 155 SR

| i kerhefpotishihg padbf the preséftiimdentibn tan Iesustdin comebinationhwith various
pol i shing of sem conductor_substrat e% 8 {;g Sgﬁ'rl I.
paliching shurmesknowe in thejartp Nombmiing expmples 0bsuiipgle shgries for use with
théé?#bégg ﬁl‘e’se# avmﬁ from Cab oiﬂl?/l&g(? %hg %Mf@d o
UbfddeStites Bat&t\/AﬁﬂﬂﬁhoMm@eﬁaLNuﬂBeﬁ@m&Slzas 45d 09/3&2 549,

PCTI U52003/ 030140 | | t di
whigh weers bgh upa@%ﬂ@igﬁé%rgw'e oo F At BRttRg (rbagiment,
th%f_fsp %1?1‘?25&# ace SQ& ﬁéf%é&fhggo Ry& Il altf‘adr@l‘d'tﬁ@s&stmte to

e pl anar|2|ng appar us can

bé pulishiet: Tae polishiny Gt@lm?ﬂmgfpmcemm ng]uddmoung ﬂtﬁl pelishing pad.
,m)t Iyve power ngans Vi n a

r a@ws#mfﬁﬁﬁuh%'awsb%&whé %YPEB° éﬁ’f F sturries are

knovwm in the art. Non-limiting e).amples of suitable slurries for use in the present

invention include slurries comprising abrasive particles. Abrasives that can be used in the
slurries include particulate cerium oxide, particulate alumina, particulate silica and the
like. Examples of commercial shuries for use in the polishing of semiconductor substrates
include but are not limited to ILD1200 and ILD1300 available from Rodel, Inc. Newark
DE and Semi-Sperse AM100 and Semi-Sperse 12 available from Cabot Microelectronics
Materials Division, Aurora, IL. -



5 that novenent of the pad and the retai ni ng nmeans
causes the sluery and the plan 'zing surfage of the
pad to cont acté&¥nd pl anari ze the non-pl ang® surface of

wWoSdbidied €. In a further non-1imting enbodipgeibszoes030140
the planarizing apparatus can include a nmeans of

renewi ng the polishing or p|gparizing surface of the
pad, such as but not |imted to a nechanical arm -
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ed"to be |IIustrat|ve only, since
plananizingappaatis fcan axcludns raammgamms iforkplding ghearticly; and aymotive
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Exam Itg e A Particul ate crossli nked pol ure hane
of el pad tormontast sndoplengrian the nopsplengr the gticlepina
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Charge_ 1 10 diam ne curative,(a), 810 act )
mgchagicaharagAuipped Hithyan asaﬁéhsaw%h Wgagaﬂ’éﬁce of the pad.

i soc Ehi;
o LS SR B O kb Bl e
wﬁicﬁdab&m&naétﬂmaﬂtm onlbmﬁnce\nmmdnouanod:ﬁbamns tand yariations
nmet hyl_ene bi s(chl or odi aI | PLURONI, 108
thersin il BiveppaEE 18 Hetr Aot intlespisoppgeitied, afl arts

E@&E W& | yme obtained fromAir
aIﬁf!od ctst%%&n@g @F{g Inc whi ch describes it as

the i socyanate functi onal reacti on product of toluene
di i socyanate 20 and pol y(tetranet hyl ene glycol).
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Charge | was added to an open contai ner and warned

with stirring on a hot plate until the contents of

the contai nerg@gached a tenperature of 3@: Stirring

was continued®¥at this tenperature until *Fhe
WOHES#S s formed a substantially honmogeneou®CT/US2003/030140
“solution. The 25 contai ner was then renoved fromthe

hot plate. Charge 2 was warngd to a tenperature of

55C using a water bath. ChéF{ge' 2 was then added to -
Charge 1; the contents were mixed for 3 mnutes with

a motor driven inpell erEZBAMELES bstantially uniform

h.;.ri. Seqont ent s of the container were then quickly"-

ten%%‘ff‘si'ﬂ% oot AR e o st SR 0 e isfegtin

Tablt Al MEnedeirgdiilae Qro‘é@linkéd pélp@eiafeRashiedno Qf'eﬁaf@cﬁ@hmg layers as

addition of the contents of the container, vigorous
deseriked-fyrtherheseinin Exampledr an additional 60 ninutes.
The wet particul ate crosslinked pol yurethane was
classified using a stack of two sieves. The sieve on .
the top had a nesh size ofygp@: gesh (300 m cron sieve
openings) and the sieve on the bottom had a nesh size
Inppédidnt® nesh (105 micron sieve openings). WMWeight (grams)
2004/ 028745 PCTI US2003/ 030140 -16 The i sol at ed
particul ate crosslinked p&hﬂﬁﬁé hane fromthe 140 nesh

diaf¥dse Slihipsk @yernight in an oven at a tenpergmlre of
80C. Exanple I. - Prevaratioen of Polishing 5 A

sufastang fH)ng | ayer (top layer) conprising part3&6late
thane and crosslinked p ur et hane
me@?yx&%i’ﬁ'&ggggﬁee%i‘fe@ fromthe ingredients su%ri zed in
the follow ng Table 1. I@f@__@ﬁnts 10 particulate
crossli nke%éfol yuret hane Exanple A i SOCéanat e

lsoFlﬁﬁ’étei I@BP}?W@? CI c) 15 aI [ phatl c pol $18¥ocyanat e
m e ine curativ Hed Ao AL Predudtand Chemicals,
Inc, which describes it as methylene bis(chlorodiethylanaline).

(b) PLURONIC F108 surfactant, obtained from BASF Corporation.

(c) AIRTHANE PHP-75D prepolymer, obtained from Air Products and Chemicals, Inc,
which describes it as the isocyanate functional reaction product of toluene diisocyanate

and poly(tetramethylene glycol)-.

Charge 1 was added to an open container and warmed with stirring on a hot plate
until the contents of the container reached a temperature of 35°C. Stirring was continued
at this temperature until the ingredients formed a substantially homogeneous solution. The
container was then removed from the hot plate. Charge 2 was warmed to a temperature of
55°é using a water bath. Charge 2 was then added to Charge 1; the contents were mixed
for 3 minutes with a motor driven impeller until substantially uniform. The contents of the
container were then quickly poured into 10 kilograms of deionized water at a temperature
of 40°C, with concurrent vigorous stirring of the deionized water. Upon completion of the
addition of the contents of the container, vigorous mixing was continued for an additional
60 minutes. The wet particulate crosslinked polyurethane was classified using a stack of
two sieves. The sieve on thetophad a mesh size of 50 mesh (300 micron sieve openings)

and the sieve on the bottom had a mesh size of 140 mesh (105 micron sieve openings).



918 Charge 2 265 8.5 8.5 62 (d) DESMODUR N 3300
al i phatic pol yocyanat e, obtained from Baxer
Cor por at i on, Sat i ngs and Col orants Divi'gn, which
wimsmaiokerss it as a pol yfunctional aliphatic 20 peT/Us2003/030140
i socyanate resin based on hexanet hyl ene dii socyanate.

(e) Lanco PP1362D mi croni zedigmwdi fi ed pol ypropyl ene

wax, obtained from.The Lubrizol Corporation. Charge 2

T 0P 15 B 3 ikl aried v
in anldeérodtaitehpatatien®BMCUs m xture of Charge 2 was then

25 conbined with Charge 1 in a suitable container and
m'xed t oget her by -means-of a notor driven mxer. A

. PLp@ %ugﬁ,gfls n@ pbi nation of Charges 1 and
1
o g A Sﬁ i Psfhg bl engpeifked B forothife and

crdselifleddoliueethmeltinden waib 9febaubh @fomyehe i0grddiBrits blthlirizeia the

sheet was cured at a tenperature of 25C and 80%
follawingihableduni dity, for 18 hours; followed by a

tenperature 30— of —130Cfor 1 crcutar—pads

havi ng a 22.5" di aneter vve;réb Ht fromthe sheet usi ng

IndreldicReS W th cutting die. The upper and IOV\M(%ﬁi

0 € pad were made parallel using a mlling nMachi ne
10 V\D 2004/ 028745 - 17 PCTI USXOmege)B0140 Exanpl e 2

e L%é%gﬁgP||Sh Pad AsseMol Y) The polishing
@ ®fabricated into a thr?galayer
g pad assenbly. The polishing IayeP s at
| east partlally connect ed ¢ second (i.e., mddle)
| ayer. The m ddl e | ayer conS|s%ed of a sheet of

isahyairte fimotionsd prepblyesrde) fil m tape and 5 rel 888e |iner,
i.al l i ned from 3M under- product nber
15 ah@%%ep‘gf‘ cg’éﬂaggﬁ side was applied to thedsblishing
addaerepuch that |t essentially covered the Iggner

surface of the polishing layer. The rel ease_|iner on
accmeéwlﬁeﬁ Si de of the middle layer was then 52rermved

—

' f

Coatings and Colorants Division, which describes it as a polyﬁmcuonal aliphatic

20 isocyanate resin based on hexamethylene diisocyanate.
(e) Lanco PP1362D micronized modified polypropylene wax, obtamed from The Lubrizol
Corporation. '
Charge 2 was mixed using a motor driven stainless steel impeller until
substantiaily homogenous. The substantially homogenous mixture of Charge 2 was then
25 combined with Charge ! in a suitable container and mixed together by means of a motor
driven mixer. A 1040 gram portion of the combination of Charges 1 and 2 was then
introduced onto a 26” x 26” flat mold. The mold was fed through a pair of rollers at
ambient temperature to form a sheet that was 0.100” thick. The sheet was cured at a
temperature of 25°C and 80% relative humidity, for 18 hours; followed by a temperature
30 of 130°C for 1 hour. Circular pads having a 22.5” diameter were cut from the sheet using
a press with cutting die. The upper and lower surfaces of the bad were made parallel using
amilling ;nachine. ‘
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| ayer. The top |layer consisted of a pol yurethane foam

di sk having a dianeter of 22.5", a 10 thickness of

1/ 16" and a d@}suy of 0.48 g/crrB Anot hﬁ:

doubl e-coated™i I mtape with release |iner was
WED2AH028748 | y obt ai ned from 3M under product n@PETEIS2003/030140

442. The adhesive side was applied to the exposed

surface of the pol yurethane Iffocam The renaining

rel ease liner on the other side can be renoved to
Exg,ggj@jﬁ 12 55 h ad% bBA al £| anari zi ngé)[I

| ayers-ar S tmart zg% néﬁﬁ‘gﬁéat% E@aﬂﬁﬂ@ g polishing pad
asdcﬁl‘blzr (tepotisking ldyet wﬁmﬂ@sﬂpdﬂanldbnmﬁbted tdoa secpnd @ex,aniddle)

o sl oLA A s e
rel?%@ﬁh&“ efciAR Y hﬁ&&%ﬂ@ddﬁ@m&%wdmé AdBesive

Ingredients-liste |rr Tab The particul ate
s1ckrvmabpm thrqbqhshmg ﬂwcesmhstha,tsecsscnhaﬂy @p’mr@l @gllmwm sugface of

b oo S bt BT a0 s BRI Pfen

d%g ieﬁgﬁsé\ﬂfé zﬂiﬁ&sx’(lé]%ﬁd'ﬁ} Pérdfashppliediothe expioaéd adhesive
a) 1050 surfactant (b)3 rrethy I sobutyl ketone

-IaBEeD-I Whmtc@d@ye@hmsg@edzofmwm ancdislohpyings dpweipref 22.57, a

th.lgﬁl?nelsss ZP 1A 15’1’ gnl}iaa dénsiy f’l 6 38 g)é%{’ a%ﬂoﬁ%} d88bte-coated film tape with

release liner was commercially obtained from 3M under product number 442. The
adhesive side was applied to the exposed surface of the polyurethane foam. The
remaining release liner on the other side can be removed to permit attachment to a
commercial planarizing apparatus. Physical properties of the individual layers are

summarized in Table 2.

Table 2
Layer Compressibility Shore A Hardness  Flexibility  Pore volume
(@ 20 psi) :
Sub / 2.6% 66 n/a n/a
Second 0.0% n/a 312in'Ib?  w/a
Polishing 1.7% - 99 n/a 18%

Example B
Particulate crosslinked polym'ethane was prepared from the ingredients listed in

Table B. The particulate crosslinked polyurethane was used to prepare polishing layers as
described further herein in Example 3. '
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10 Charge | was added to an open contai ner and war ned

W th stirringgﬂ a hot plate until the cgatents of

t he contai ner ¥&ached a tenperature of 35&* Stirring
wagoogoeg7shued at this tenperature until the PCT/US2003/030140
ingredients formed a substantially honogeneous

solution. The container was then renoved fromthe hot
plate. Wth stirring, Charge 2 was warned to a 15
tenperature of 55C using a wHler bath. Charge 2 was

then added to Charge 1. The contents were nm xed for 2

mnutes with a notor drivemapigmel | er until
substantially uyniform The .contents of the contajner

Ingredientshen qui ckly poured into 10 kil ograns of  Weight (grams)

dei oni zed water at a tenperature of 30C, with

concurrent vigorous stirri¥F on conpletion of the
diaside thdfivéfa)t he contents of the container, vigorQqgso

m xi ng was continued 20 for an additional 30 m nutes.
surfaeianidb) parti cul ate crosslinked pol yuret hane was31.5

SShf | usi stack of two sieves. The sie on
m%@_lfog&hﬁgatoggh@g?ﬁsi ze of 50 nesh (300 mcron \sélg%ve
openi ngs) and the sieve orClidege Rottom had a nmesh size
. of 140 mesh (105 m cron - sieve openings). The
BQQW@C%@@S'P@QPW@)OSSI i nked pol yur et hane 1570

ali ﬁi&g@?&igﬁgﬁz{%@t he 140 nmesh was dried overni glah6i n

erature of 80C. 25 Exanple 3

(polishing Tayer preparation) A polishing [ayer (top
| ayer) conpri particul ate crosslinked polyurethane

and C@r&kmé@ggmmw@ Genteinesiapd siermekwish siiyaing enfahafplate
o R B | B O 90, T i
at thigteatpeinirs \iatinthe ifggediems Jormed arsgbstdntialy homugaieous solution. The
contather Wab then removed fom e hof plute. “With SEAY, Charge 2 Was dvarmed to a
temperature of 55°C using a water bath. Charge 2 was then added to Charge 1. The
contents were mixed for 2 minutes with a motor driven impeller until substantially
uniform. The contents of the container were then quickly poured into 10 kilograms of
deionized water at a temperature of 30°C, with concurrent vigorous stirring. Upon
comﬁleﬁon of the addition of the contents of the container, vigorous mixing was continued
for an additional 30 minutes. The wet particulate crosslinked polyurethane was classified
l.ising a stack of two sieves. The sieve on the top had a mesh size of 50 mesh (300 micron
sieve openings) and the sieve on the bottom had a mesh size of 140 mesh (105 micron

sieve openings). The isolated particulate crosslinked polyurethane particulate from the 140

mesh was dried ovemnight in an oven at a temperature of 80°C.

Example 3 (polishing layer preparation)
A polishing layer (top layer) comprising particulate crosslinked polyurethane and

crosslinked polyurethane binder was prepared from the ingredients summarized in the
following Table 3.

-
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i socyanate functional prepolyner (c)410.4 aliphatic

pol yi socyanate (d)102.6 catalyst (t)0.25 1 o acetone
sol vent 120 (t _-g-ﬁll butyltin dilaurate 95% 4itained from
Si gma- Al drich”® Corporatlon Charge 2 was nfXed with a
WR2eH/0Z@Hyen stainl ess steel inpeller until  PCI/US2003/030140
substantially honpgenous. The substantially
honbgenous m xture of Charge 2 was then conbined with
15 Charge 1 in a‘'suitable container and m xed together
by means of a notor driven mxer until substantially
uniform A 930-gram portion-¥-the conbi nati on of
Charges 1 and 2 was i'ntroduced onto each of three 26"

X 267 flat nolds. The nmol dgaypre fed through a pair
of rollers at anbient tenperature to formthree sheets

Ingfedientser e 0. 100" thick. The sheets were cuMéighti(grmms)

tenperature of 25C and 80% el ative humdity for 18
hours, 2 0 followed by a téﬁ%ﬁ?—i\ture of 130C for 1

. :Pﬁ%ﬁ gH]l] ying a 22.5" dianmeter were cut
P B .afi etg g&%ng a press with cutting gsgy The

V)

and | ower surfaces of the pad were made

paral I eI using a mlling nehdtge2. r Exanple 4

(three-| aver poI [ Shl ng pad) 25 The poli shi n% b?(y of
isgoyangse Sumtigpal prepelyimea{®@d into a three-| ayer |3 shi ng

e polishing | ayer was at

d%%rg‘?lg@?ly@onneg{)ed to a second (i.e., m ddlqegt‘S | ayer.
caldlgstif)ddl e | ayer consisted of a sheet of. do@tﬂSe coat ed

polyester filmtape and release |iner, cially
acsiong sAWEDY r om 3M under product nunmber 9609 h

a?ﬁ-é{? &I,PPE' er ch
(fﬁ%‘iﬂ E@h#eessen ?%%1 ‘_\’/'ﬂ@%%deﬁg ﬁ'bg%élggéﬁg cgﬂ% su :

the polishing |ayer. The release |liner on the ot her

side of the m ddl er wags,then dt

Che GBS PrEs Tk ‘éntﬁ %ﬁﬂqt }V%@%ﬁagﬁsﬁ*ﬂ} Hpg ipt Substantially
h@&%ﬁ@gs apesbMentiId M8 hogditiis BRI AYEChAER B vas 8dn @bmBined with

aneter SUBA"I'V pad. Physical properties of
Chiuge it rinl a\suxlhlﬁ cd end méxei togetherAydnéans Thy motar drigen mixer

o st b LA B Rrspsa o CoRs L pma2

was 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 a temperature of 25°C and 80% relative humidity for 18 hours,
followed by a temperature of 130°C for 1 hour. Circular pads having a 22.5 diameter
were cut from the sheets using a press with cutting die. The upper and lower surfaces of

the pad were made parallel using a milling machine.

Example 4 (three-laver ohshm ad
The polishing layer of Example 3 was fabncated into a three-layer polishing pad

assembly. The polishing layer was at least partially connected to a second (L., middle)
layer. The middle layer consisted of a sheet of double-coated polyester film tape and
release liner, commercially obtained from 3M under product number 9609, The adhesive
side was applied to the polishing layer such that it essentially covered the lower surface of
the polishing layer. The release liner on the other side of the middle layer was then
removed to expose the adhesive, and a top layer was applied to the exposed adhesive
layer. The top layer consisted of a 22.5” diameter SUBA IV pad. Physical properties of
the individual layers are summarized in Table 4.
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Sub4. 6%2n/a ,n/a Second0. 0%/ a312 in"'|Ib-"n/a

Pol i shi ngO. 60/ @1 al7% 10 Examle 5 three layver poli Ckg

pad The poli sh?er»*:g | ayer of Exanple 3 was %brl cat ed
WOt2804028H5ee- | ayer polishing pad assenbly. TheCT/us2003/030140
polishing |layer was at |east partially connected to a
second (i.e., mddle) |ayer20The mddle |ayer

consi sted of a sheet of doubl e-coated polyester film

tape and 15 rel ease liner, conmercially obtained from

3M under product nunber 9609. The adhesive side was
applied to the polishing |ayer such that it

essentially covered the | owgplequrface of the

polishing layer. The release liner on the other side
Layert he m Qothpressihility was ShoenA Haednesed tRiexibiliose (Hage Volume
adhesi ve,(@@dpsitop | ayer was applied to the exposed
. adhesive layer. The top l|ayer consisted of a
pol yur et hane foam di sk having a di amater of 22.5", a
Sy thi ckrb€% of 1/16" ani@ a density of ma32. gl cndVa
her | e-coated fi tape with |I|n

Sé%gﬂ&com’rgdr)?:?al 'y obtaine ]Jé"{nfrom 3M underﬁg
PalitBingThe 0.68hesi ve side 9gas applied todie exposqdr%
surface of the pol yurethane foam The remaining

rel ease liner on the other side can be renopved to

Emﬁ L & (rdeAb I BBk sHith fad }com“rerm al planarizing
Iayers gogle E ;%S?Jarrrr%r : gﬁ{va‘ifa cg{eg gg#!ge-gaycggglgsmgpad

asﬁblnbiye Thé polishing 159 veas At Hast garily chavdckid tb aB@doad\(pé UfRddle)
2004/028745 PCTI US2003/ 030140 - 21 Sub

30
lali%s ayd Mg&i’@hepﬂ@w@%q{ egheepgf d@,uhlﬁgoaée%pelywrrﬁlm tapaand
refthse luﬂer, éoﬁlmeraéﬁy obtafhied fétn 3M under product number 9609. The adhesive

side was applied to the polishing layer such that it essentially covered the lower surface of

er

the polishing layer. The release liner on the other side of the middle layer was then
removed to expose the adhesive, and a top layer was applied to the exposed adhesive
layer. The top layer consisted of 2 polyurethane foam disk having a diameter of 22.5”, a
thickness of 1/16” and a density of 0.32 g/em®. Another double-coated film tape with
release liner was commetcially obtained from 3M under product number 442, The
adhesive side was applied to the exposed surface of the polyurethane foam. The
remaining release liner on the other side can be removed to permit attachment to a
commercial planarizing apparatus. Physical properties of the individual layers are
summanzed in Table 3. '

Table 5

Layer Compressibility Shore A Hardness  Flexibility  Pore volume
(@ 20 psi)




5 Exanpl es 6-9 Polishing pads conprising particul ate
crosslinked pol yuret hane and crosslinked polyurethane
bi nder were pggpared fromthe ingredi ent%‘{%um’mri zed
in the fol lowkig Table 6. Physical data &f the
WELIRE8AY pads of Exanples 6-9 are summari zed BOT/OS3630140
7. Table 6 10Exanples 67 89 | ngredi ents. Wi ght
(granms) Charge | particul at@lerossli nked
5. 725. 395. 066. 51 15 pol yuret hane of. Exanple A
Sub socyanaiy_?%unct ional 19g351. 692. 043. 32,/pr epol ynmegss (dd) -
acetone solvent1.11.21.11.2 Charge 2 20 particul ate
Semndss| i @6t 2. 202. 102. 02. 52 pol yur et H2andib'Examfpl e A
diam ne tive (aa)0.450.560.681.11 di am ne cu ive
Po . 18@.%%0. 260. 43 acéfone sol vent 1.M%. 11. 11. 2{‘%}“5
(aa) LONZACURE MCDEA di am ne curative obtained from
~Air Products and Chem cals, 1Inc, which describes it
Examplas:649y| ene bi s(chl orodi et hyl anal i ne). (bb) VERSALI NK
. P- 6Bélishirigytaile tompiting paticulgtiereasslinktd polyuecthaneanid weosslinked

polobt ai n?e\| . f%&“@t’?@&' Priﬁuci!s,iggr%{ig 2? cal s.; iﬂfthe&&ﬂ)wing
Table 89 P&y Sica Aeta T eRE I?cﬁlisﬁing bBds of BathpMyi e aﬁ%%ﬁﬂd&f&%d i Table 7.

as the"isocyanate functional reaction product o

= -]

tol uene diisocyanate and Tallyét etrame.{ hyl ene gl ycol).

15

20

25

30

‘Ingredients ) Weight s
Charge 1

particulate crosslinked _
polyurethane of Example A 572 539 506 651
isocyanate functional : _
prepolymer (dd) 135 1.69 204 332
acetone solvent 1.1 L1 1l 12

' Charge 2
particulate crosslinked
polyurethane of Example A 220 2.10 2.00 252
diamine curative (aa) 045 056 068 1.11
diamine curative (bb) 018 022 026 043
acetone solvent _ 1.1 1.1 1.1 1.2

(aa) LONZACURE MCDEA diamine curative obtained from Air Products and Chemicals,
Inc, which describes it as methylene bis(chlorodiethylanaline).
(bb) VERSALINK P-650 poly(tetramethylene glycol) diamine curative obtained from Air
Products and Chemicals, Inc.
{dd) ARITHANE PHP-75D prepolymer, obtained from Air Products and Chemicals, Inc,
which describes it as the isocyanate functional reaction product of toluene diisocyanate |
and poly(tetramethylene glycol).

Charges 1 and 2 were each separately mixed by hand using a stainless steel spatula
until substantially homogenous. The substantially homogenous mixtures of Charges 1 and

2 were then combined in a suifable container and mixed fogether by means of a motor
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20

until substantially honbgenous. The substantially
hombgenous m xgmres of Charges 1 and 2 wepe then

combined in a € table container and nixe =¥ oget her by
Wiea0m/038748 not or WO 20041028745 -22 PCT/ US2003288@54083/030140
driven inpeller. A portion of the conbination of

Charges 1 and 2 was then intpgduced into a 1.6

mllinmeter deep open circular nold having a dianeter

alenimbefiiy a G B d bRt PRERERRE T ' gt ifp ngogiuced
inf) AL Gdﬁﬂhnctaﬂde@}t opertirdhldranigia hatig @ ddmekatE & I Eendivheters. The
m nutes. The d was then renoved fromthe 5 oven and

-mgld wagsosed and the coptenispyern develsd bymassssealy Bligdipeldiwas placed in

orhat B 1289 Rl 5 A S 8 Rl i e

oﬁemmd raibwed toodool G Hient raomashipdritare(abiut 25°C)) fellpvddiye

cur? Ta&l e 7 ggPol [ ggion Pad Qﬁ@s:jg?%@mpert eovenata.
%?5%@*3?” ?ﬁﬁf?ﬁ%ﬂ;@?ﬁ?ﬂ%&% ééﬁi?%@@sé\ﬁééﬁ?esf iy

Absorption (r) (n) Percent pore volunme was cal cul ated

volune). (q) Analysis condu%ﬁor pores havi ng

appar ent di anet er spj f m crons. 15
(PI)O Percent sl urry a h%ﬂ{d?gg\%ggpﬁ?%?% ned using the
followng method: 1 inch X 3 inch specinens of pad
mat eri al re cut_and pre-weighed to the nearest 0.00
1 gram T\PA}F Pleghs wedXampler i nmerBwnnle 8, - ExampleQ
container jof CVMP slurry (i.e., 11D 1300, Rodel, Inc.
Newar k, mai nt ai ned at a tenperature of 23+/ 1 C
for 24 houfs. At the end of 24

Percent Pore 21.5 17.6 7.0 2.0

Volume (n)

Average Pore 32 22 27 56

Diameter -

(microns) (q)

Percent Slurry 21.1 7.6 3.7 22
Absorption (r)

(n) Percent pore volume was calculated from the following equation: 100 x (density) x
(pore volume).

(q) Analysis conducted for pores having apparent diameters in the range of 8-150 microns.
(r) Percent slurry absorption was determined using the following method: 1 inch X 3 inch
specimens of pad material were cut and pre-weighed to the nearest 0.001 gram. The
specimens were then immersed in a container of CMP slurry (i.e., ILD 1300, Rodel, Inc.,
Newark, DE) maintained at a temperature of 23+/-1 °C for 24 hours. At the end of 24
hours the specimens were removed from the shurry, excess slurry removed from the
surface, and wet specimens immediately weighed to the nearest 0.001 gram, The percent
slufr_v absorption was calculated as follows:



hours the specinmens were renoved fromthe slurry,
excess slurry renoved fromthe 20 surface, and wet
speci nens |nn§ﬁaately wei ghed to the nearg@gt 0.001
gram The per&nt siurry absorption was &al cul ated as
WORMS{IB374N0O 2004/ 028745 PCT/ US2003/ 030140 - 23PGES2003/030140
wei ght - dry weight Slurry absorption, %= X 100 dry
wei ght 5 The present invent@a-has been described with
reference to specific details of particular

enbodi nents t her eofwe{ﬁelgﬁt_rmgrwﬂg]ﬂnded t hat such

det agji$ryodsbipaas, 96 < as._“LnlLaLLQnsxqggn the scope of
the invéntion except |ns @ﬁ and to the extent that
they are included in the acconmpanying clainms. 10 WO
2004/ 028745 PCTI US2003/030140 -24 In the claims: 1. A
pol i shing pad conprising: a. a sublayer; -b. a mddle

| ay eThe pRdent tnventiohisHeeh AdkBFibedifth BifbrefeH 1@ sPéH?ﬁé 8t8&ils of
is at least partially connected to said m dd | ayer

pantiqulas exnbodiinguts herepfe it is notdntendedthatsuch d@tmllgfbmgaﬂré@d a8

e S ym ot o i AR oot B ap i e Bt i hey e

ifvhsed in e abey: anwggjmlmgf sa| d top layer. 10 2. The
pol i shi ng pad of claim1l wherein said top | ayer

10 absorbs 50%or |ess by weight of polishing slurry
based on total weight of said top layer. 3. The
pol i shing pad of claim1l wherein said top |ayer is
selected from particulate polynmer and crosslinked
pol ynmer binder; particulate polynmer and an organic
pol ymer binder; sintered particles of thernoplastic
resin; pressure 15 sintered powder conpacts of
t her nopl astic polyner; polynmeric matrices i npregnated
wth a plurality of polyneric mcroel enents wherein
each




pol ymeric m croel enent can have a void space therein,

or conbi nationgg thereof. 4. The polishin :Qad of

claim 1l wherei¥aid top | ayer has a thickigéss of at
WOa8a4/028350. 020 i nches. 5. The polishing pad of:c-p/hgzmmgguo
4 -wherein said top |ayer has a thickness of 0. 15

i nches or less. 6. The polishidng pad of claim1

wherein, said top layer further conprises grooves in

 IfthPPlatnsdi Ng surface. 25 7. THe polishing pad of claim
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1 wherein said top layer further conprises a pattern
i l.a pd\ pslishing padrdoagpeisiog: The pol i shing pad of claim
1 wherein said mddle layer is selected from

subst aﬁti%lF‘FRlaﬁ%h vol unme conpressible polyners and

metal | kC JQill s 9. The polishing pad of
claim ? \A%]erel nﬁ{;gl Cfﬁ% ddI e layer is selected from 30
pol yol ¢f nsiopdayédryl ose- based pol yners; acrylics;

pol yesters and co- &YI yesters; . pol ycarbonat e;

pol yanwdezein saig tiop elis ab least Mlmcmd t0i seid mnigisile layer and

PCTI USSHE R tavs s Sieas) Pudbplly %ﬁ@ sid gubjeyes) amdpherein
| wher ghig e53 eﬁhﬁ&akﬁdt?aaﬁf oﬁpéty By B eél{gefgbﬁﬁﬂmgslurrybased

density polyethyl ene,
ul t ra- bngutahwblghubfasaxd/\mpgh_sterpol yet hyl ene or

p ypr%zlyl ene;. ceI | ul gse acetate qr cellul ose
yr at Meheredn eaid foplayerrpbsprbs 50% or less by

| BSI iih?ﬁ@‘q’?éﬁmﬁedﬁ DHEERSoET e BEid Pom oy e

t 3er eoffhe pblishihe paDbf clbiny mﬂ:@ém@ kop Byér ivRaeakd ol d
m ddl e | ayer has a thickness of at [east 0.0005

i nches partizulaihpolpaer and grgsshinkedgsolyrmer lpmdlert paittieniaterpolymer and

sai d m.ddl e lLayer has, t hi ckn ss.f 0030 .i nches, or

less. 18 i%amcl'%@y%ﬁ@ﬁ' T m&ﬁftff W?ﬂcﬁeﬁgf pressure

subl ay gfntdrgd ﬁ@h&&tc%ﬁaﬁa&t@mﬁﬁhﬂ ﬁlhstlcrybz;f]ﬁ% egﬁ'tﬂ'lﬁnccs
shéet

rubbers, thernoplastic el astone
conbi n mpmgaate& avithcf plarhlityTbiepgiyhéridhmiyoglesentt “diemlmehch

wherei o y%{e%csxg% emenrt] can avtehaI &oﬁl sepsa?:e ct)lgergxgl Ln? ggébmtxons
thereof.
4. The polishing pad of claim 1 wherein said top layer has a thickness of at least
0.020 inches.

5. The polishing pad of claim 4 wherein said top layer has a thickness of 0.150
inches or less. .

6. The polishing pad of claim 1 wherein said top layer further comprises
grooves in a polishing surface.

7. The polishing pad of claim 1 wherein said top layer further comprises a
pattern in a polishing surface.

8. The polishing pad of claim 1 wherein said middle layer is selected from
substantially non-volume compressible polymers and metallic films and foils.

9. The polishing pad of claim 1 wherein said middle Iayer is selected from
polyolefins; cellulose-based polymers; acrylics; polyesters and co-polyesters;

polycarbonate; ponamidesﬁ high performance plastics; or mixtures thereof,
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0.020 inches. 15 15. The polishing pad of claim 14
wherein said sublayer has a thickness of 0. 100
inches or | esg 16. The polishing pad of éﬁ};;ai m 1
wherein sai d $&bl ayer, mddle |ayer and t®p |ayer are
WA 2004082874 parti al | y connected by an adhesi ve n®Ca7¥sRp03/030140

1.7. The polishing pad of claim 16 wherein said

_ adhesive material is selecteg from 20 contact

adhesi ves, pressure sensitive adhesives, structural

adhesi yves, .hot nel.t dhesi ves. ther | asti.c

ofihos! VaSpolaRineTor of (BT utiten sl AR Bia f sglected from low
adhesi ygs; O1ERL ik 80 tend $itral bl e
pad ofdﬁgﬁ? ?eﬁ ere’ir}ﬁé%glé}%ﬁs?ﬂy% rhas aaﬁggf&g‘%ent A Weight
vol unepolypethylemesar finlyproyyleies iceihdosy aatater ot deliniosé butyogte; PET or

| ayer._25 19- The poli_shi Zlg’spad of clai'm 18 wherein )
sai d pREEGHIYlpBIE/MhAr BYAR Als PRlyetherethsrketans, polypbeny)ene oxide,

0. il BT or 9eenilogite ikaRBNLELE,
vpl u ”E’I'EéJj%lIsﬁﬁfging lof EMtine fl wiebgin E41@ nliddle layeSha% Bickhesof at

when a | oad of psi is applied. 21. The polishing
pad of lea$st#1.0003 inghes.ci n said middle layer is

subst i al,d y. NQuU- vol p ' '

1P s e Ppitinddd of et 1 FheSATREE RIAL foyeris a lficpess of
a fl explo0dd in¥heéxforadss. | east | iff' 1lir'. WO 2004/ 028745
PCT/ US20031030140 -26 23. The polishing pad of claim1

whdr ei Khe poléshingapadcoficlper] wherst spidsublayen isfelertpd from natural
bl ayBbeg st WerBO0e o8 ey B G tongfiblangy
28. combinations thereof.

14.  The polishing pad of claim 1 wherein said sublayer has a thickness of at ieast
0.020 inches. '

15.  The polishing pad of claim 14 wherein said sublayer has a thickness 0 0.100
inches or less.

16.  The polishing pad of claim 1 wherein said sublayer, middie layer and top
layer are at least partially connected by an adhesive material.

17.  The polishing pad of claim 16 wherein said adhesive material is selected from
contact adhesives, pressure sensitive adhesives, structural adhesives, hot melt
adhesives, thermoplastic adhesives, and curable adhesives, thermosetting
adhesives; and combinations thereof. o .

18.  The polishing pad of claim 1 wherein said sublayer has a percent volume
compressibility that is greater than the top layer.

19.  The polishing pad of claim 18 wherein said percent volume compressibility of
said sublayer is less than 20% when a load of 20 psi is applied.

20.  The polishing pad of claim 18 wherein said percent volume compressibility of
the top layer is 3% or less when 2 load of 20 psi is applied.

21.  The polishing pad of claim 1 wherein said middle layer is substantially non-
volume compressible.

22.  The polishing pad of claim 1 wherein said middle layer has a flexibility of at

least 1 in'Ib?. _
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29. 25 30. 31. C. atop layer, wherein said top | ayer
is at |east pagtially connected to said njgdle |ayer
and said nidd&€ |ayer is at |east parti aE@ connect ed

wE20a0m740bl ayer, and wherein said top | ayer sasu003/030140

porosity of .at | east two percent .by vol une based on
total volune of said top layer. The polishing pad of
claim 24 wherein said top |layer has a porosity of 50%
or |less by volunme based on total volune of .said top

| ayer. The polishing pad of cigai m 24 wherein said top
| ayer is selected from particulate polynmer and

arr gt R RRE oF LRRAIT Wit i AR Ffs an

t her rmuidhsslvetassaably pressure sint ered povvder
compact s of thernoplastic polymer; polymeric matrices
n?g?eg fhapels gnadacqsnm%mgty of polyneric

m croel enﬁgh erein each polyneric mcroel ement can
have a %o %e therein, or conbinations thereof.
The poly, sﬁlﬂgmq@e@faﬁ aim 24 wherein said top |ayer
has a thickness of- at |east 0.020 inches. The

pal i shlmgapqnjiagér claim 27 wherein said top |layer has a |

t hi ckness of 150 inches or less. The polishing pad
of cl al‘ﬁli“’ﬁm\/%’élrt@? |1PY§5F§PI§63§‘ parially tQ i middle layer and

0 201 R APRYSL 301 SR e S BpBON. 3t whei

pat t er rsaidntop ek bhaha pgrcsity baaeast higo peicktiynebliae bed on total
claim 24 wherein said mddle layer is selected from

subst arvolumne of %t@dﬂmﬁ} conpr essi bl e poI ymers and

L SRR T s o

24 V\'herdi‘l 1855 vbluthél Bhdlonnfal wﬁmﬁe lof 64i€ fog Ia9@9
pola//ol ef ns; cellul ose-based polymers; acrylrcs;

estBrespalishing @ag of ylain @4 syherein said top layer is selected from
particulate polymer and crosslinked polymer binder; particulate polymer and

an organic polymer binder; sintered particles of thermoplastit_: resin; pressure

sintered powder compacts of thermoplastic polymer; polymeric matrices

impregnated with a plurality of polymeric microelements wherein each

polymeric microelemnent can have a void space therein, or combinations

thereof.

27.  The polishing pad of claim 24 wherein said top layer has a thickness of at
least 0.020 inches.

28.  The polishing pad of claim 27 wherein said top layer has a thickness- of 0.150
inches or less. |

29.  The polishing pad of claim 24 wherein said top layer further comprises
grooves in a polishing surface. _

30.  The polishing pad of claim 24 wherein said top layer further comprises a
pattern in a polishing surface.

31.  The polishing pad of claim 24 wherein said middle layer is selected from

- substantially non-volume compressible polymers and metallic films and foils.
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MOk

pol ycar bonat e; pol yam des; hi gh performance plastics;
or mxtures thereof. 33. The polishing pad of claiml1l
wherein sai d &ifldl e | ayer is selected fr@ﬁ&l ow 5
densi t% ol yet'iyl ene, hi gh density pol yethyl ene
i'"gsn nol ecul ar wei ght pol yet hyl ene or PCT/US2003/030140
pol ypropyl ene; cellul ose acetate or cell ul ose
butyrate; PET or PETG nylon 6/6 or nylon 6/12;
pol yet her et her ket one, pol yphenyl ene oxi de, _
pol ysul f one, polyim de, or pgjéyet herim de; or m xtures
t hereof. 34. The polishing pad of claim24 wherein
said mddle | ayer has a thickness of at 10 |east
032005 Thephlishingpad afflaipn?4 whensip pidimiddle layemisadlecied from

wherein sajd mddle |ayer, has a thicknesg of 0.0030
nohesbayolefind’ colfose flse pbfEnt pepiirolisblars s 6o polyesters;
wher ei BorsBirBosiis) 8s; RS RAmhB A BIAHE & miur
rubber,ﬂogynt %i?c&)rt ers, er mopl ast %%g#a@t%ner,ﬁmﬂmf'
f 88um sThepokishdngl padcafndlainnl mhierein suxid exddle BFer Ewelected from low
pol i shi_ng_pdd_of claim 24 wherein said sublayer has a

t hi cknéemitypolyethylens; high dsnaity priyribylenpaultrashighymplesplan yeight

P2 ! pveindiedd of BofyBheby b -2 Bk BP Al RRRR: PET or
cl ai m PETEH; Qiymn’ﬁ/sajrdzymab&/m;eﬁolydm@@d:efkb@ﬁ@,rpcﬂg,ﬁnehymne oxide,

| ayer are at |east partially connected by an adhesive

mat er i pplysuifoneT polyjroideson pajyqshatimidecormixtges tieesafi n
adhes | JBE PO bALo e e G e 1987 it igness ofa

adhesi vas,0.0605 iqelkds. r adhesi ves, thernoplastic
adhesives, curable adhesives, thernosetting 25 _
adbesi Wbe pelishingpeasi ofeldivrid whasein said naiddle Aayeo hagsa thigkness of

pad co hStNd: . ..a sublayer; b. a m-ddle | ayer; and
C. atowgé&r&eﬁﬁr érein said sublayer is at |east

P36} i alThy poRSHIRE p&Tof ElaineRH whtfétd Gid Sotfkyed ikel®@ddrom natural
m ddle |layer is at |east partially connected to said

top | ayuhber, shuthofierbbers\tbepoplstio glasigmer, foam sheet and
PCT/ USZ 0083300 Beretf

37.  The polishing pad of claim 24 wherein said sublayer has a thickness of at least
0.020 inches.
3:8. The polishing pad of claim 37 wherein said sublayer has a thickness of 0.100

inches or less.

39.  The polishing pad of claim 34 wherein said sublayer, middle layer and top
layer are at least partially connected by an adhesive material.

40.  The polishing pad of claim 39 wherein said adhesive material is selected from
contact adhesives, pressure sensitive adhesives, structural adhesives, hbt melt
adhesives, thermoplastic adhesives, curable adhesives, thermosetting
adhesives and combinations thereof,

41, A polishing pad comprising:

a. a sublayer;

b. a middle layer; and

¢. atop layer, .
wherein said sublayer.is at least partially connected to said middle layer and
said middle layér is at least partially connected to said top layer, and wherein
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said top layer has a percent volunme conpressibility
greater than sapd nmddle layer. 42. The pglishing pad

of claima4l wkfein said top |l ayer has a p&fcent
Wtowe287¢onpressibility of at |east 0.3 % wherpcrisass/030140
of 20 psi is applied. 5 43. The polishing pad of claim

42 wherein said top | ayer hagg8a percent vol une
conpressibility of 3 % or |ess when a | oad of 20 psi

S e s L Bt e

conpreggiepl e. 45. The polishing pad of claim4l
wherein said mddle | ayer has a percent 10 vol une

" cddpr edepolishipg pad ef claipndl wheppin said topdaysr has laqedcent volume

20 psi i.ed, 6. | i shi f clajm4l
20 72! coRpPRBbEHo i D MR il Sl +1
P} < T Bolitie f4d of AAREER WiRtein SO 1o Ao bas AEp¢¥at Pohume
wher ei eompredsibdity by Brorilesssehanct kodd fof 20npsidsapplied. at e

Dty o TOE RISHSE B B el €1 HOFFHR G AHALE Taver i wpuantially mon-
parti clvgﬁmggcc;ﬂ%ﬁ%%ﬁ)?%asti C resin; pressure sintered

powder conpact er nopl astic polyner; polyneric

mesr i cThe ;ionﬂﬁ%pﬁ eficlyitri 41 vhpieini 8did tWiddié 1ayet 14 pércent
m croel ement s erein each polyneric mcroelement can

have avobme enmpressitility oif at legst kparpent ahien adoad p£2@psi ipapplied.
‘48 . Th | i.Shi f im 41 el idt

95" R el BB gin 5] Sl WUBSHENE 3 ot OBereen
The pokbRidEhniRessitili ?g'ﬂe‘}&n‘f"ﬁ? I8 Whéih ﬁ%ag%%o?s? s applied.

has a thickness of O. i nches or |ess.

pdl/i shilihg polishing pad of cluidfl 4 Wederimsad iap ayqr ib sglected from
further conprises 25 rooYl_gfé i n_a polishing surface.

51. Th&® POl BTN %4 RolymgEbipder; pastigulaggpolymer and

B G T —
sai d misthadred paw@ér dospactk of tiegmbplasic Imlj&ﬁ&r@?blﬁaddb Batfices

(@2

vol une conpressi bl e polyners and netallic fil'ns and
f oi | s. opxagnsted Bt inorf pedpweny gueredements wvherein each
polymeric microelement can have a void space therein, or combinations
‘ thereof
48.  The polishing pad of claim 41 wherein said top layer has a thickness of at
least 0.020 inches.

49.  The polishing pad of claim 48 wherein said top layer has a thickness of 0.150
inches or Jess.

50.  The polishing pad of claim 41 wherein said top layer further comprises
grooves in a polishing surface.

51.  The polishing pad of claim 41 wherein said top layer further comprises a
pattern in a polishing surface.

52.  The polishing pad of claim 41 wherein said middle layer is selected from
substantially non-volume compressible polymers and metallic films and foils.
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53. The polishing pad of claim4l wherein said mddle
| ayer is selected from- polyol efins; cefﬁjtfl ose- based
pol yners; acrﬁﬂi cs; pol yestersand co- pol y&st ers;
ol car bonat e;  pol yam des; high performance pl :
‘%l’ Wif2s thereof. 54. The pol i shing pad of P?‘?’g{b#%’w”m
V\hereln sdi d mddlelayer is selected fromlow 5
density polyethyl ene,. high de%%rtypolyethylene
ul tra-hi gh nol ecul ar wei ght polyethylene O
pob3pr oMk pokshimepddibfadsmotie tvhtreincsaidomiddlé bayer is selected from
~ut yr at e; PET or PET | on 616 or nyI on 6/12;
pol yet hpploleding Gbaﬂeé Iymers werydics deolyesters and co-polyesters;

P e B AT b

saisg, M qk@olishify pAPHIIAIRES FereisarTiReddly Biyss ﬁ%@fébﬁéd from low
56. The polishing pad of claim4l wherein said m dd

| ayer hdensitytpolyekhydens, bfghalensxtye{a&ycﬂtyl@mtmﬂngtemolestﬂar weight
The pol ad.of_ cl ai re| n sai-d mi

ayer - huoWsIeRe o Bolybrey eas b b asill of cplbdise bugyrate; PET or
58. The ppg

subl ayer 'T's é@r:ldg;g?lﬁgﬂfn? g)r%cér{ g% ?O#M&Eﬁl@ﬁeyﬁo I%hengene oxide,

r ubber s polyselfenep balyimrde,ed) ol perierimifie;aon mieres divteof.

conbi nations thereof 5 9. The poI i shing pad of claim

41 Sdher dibe polishing pal gwainh%w cie saidh ®faygF coraprises an

0020|n The polishing pad of claim5 9
wher ei n® blvesaﬁgq[@@& has a thickness of 0. 100

i NGBES ThelpEshinddad Jit@xim0f1iwhtiréid sia tnigfleQhydr Wadd thickness of at
wherein_said subla m ddl e | ayer and top |ayer are

at | easte3sy0-00Q4 in 1)1/€!§onnect ed by an adhesive material .

e RO IS e s

adhesi vas003pisgdesioelessensi ti ve adhesi ves, structural
adhesi ves, hot nelt adhesives, ther nDpI asti.c

adR8si vddie Rolishing éacbaﬁ@gmé% whereiny spid aiilayeg is sedortasd fy@@ natural
and co n%ﬂl?eﬁ'l gﬂﬁleﬁg tﬁ%‘ng@l%ﬁ& leliabi 19% sheet and

conpri si ng: and
c- a tomoh@ans)ﬁ@cﬁeﬂM 028745 PCT/ USZOOS/ 030140

59. The polishing pad of claim 41 wherein said sublayer has a thickness of at least
0.020 inches.
60.  The polishing pad of claim 59 wherein said sublayer has a thickness of 0.100

inches or less,

r

61.  The polishing pad of claim 41 wherein said sublayer, middle layer and top
layer are at least partially connected by an adhesive material.

62.  The polishing pad of claim 61 wherein said adhesive material is selected from
contact adhesives, pressure sensitive adhesives, structural adhesives, hot melt
adhesives, thermoplastic adhesives, curable adhesives, thermosetting
adhesives and combinations thereof.

63. A polishing pad comprising:

a. asublayer;
b. a middle layer; and
c. atop layer,
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-30 wherein said sublayer is at least partially
connected to. g&&id mddle |ayer and saidgmddle |ayer
is at |east pa*tlally connected to said tgp | ayer, and

WRePH/038748ai d subl ayer is softer than said topptaY8E003/030140

64. A nethod of preparing a polishing pad conprising
at least partially 5 connectizpg a top layer to a
m ddl e | ayer; and at |east partially connecti ng said

avsor bRy ap shh SoRYEk RAE s VBl afieled il aver ana

sl urry sBRSEMAR Y& i8 bt WLt PAHBY OBhELEPR saldf TayePPand -
The net hod of cl gl m 64 whérein said top, Sm dd? ayaﬁn’d wherein

sub | ayeidsublagenis sbﬁ%thanmdto;alaygr connect ed by an

10 66. f
%fih.@&%@amm@%%sag cpmprbaER last patally
par 11 ol Phfecling Atop BEE id £imitidl fi5ef drdePiense Pl SofBBding said

wher ei nnﬂdiedajremo laayblaydra wheredo 5418 itdpy 120ér Hsorfbe as least!tWd percent
percent by vol une based on total .volune of said top

| ayer . bynvel W@fmJHMgMIW%tW@EhﬁémtOpjﬂﬁyer

c thec R e oF iR o7 sl b8 M. cprtaR s e axe atfeast

pr epar igagtiallyRnhedied sy BREGHESVE flatdig. at | east
partially connecting a top layer to a mddle |ayer;

arfd. at A amﬂtodpﬁrp;rclairlng acpohshing |pag cempdsmgml Ithst pasiyaily
in said e|n has

to a subl ayer, top | ayer
2 por o SAmBEADE arab LS wddle % Sastafpsiallogmesting said
m ddi e ﬂnﬁélﬁrlgyd;% %Hb%% %;Efkﬁg szﬂfi 160 %%Peas ta"ﬁ?)%ﬁfyrbf at least

sai d top, ers are a
part i altivg peroeneby eolutny lﬁsedafﬁlwmlwelmﬁd 6f said top layer.

67. The method of claim 66 wherein said top, .middle and sub layers are at least

partially connected by an adhesive material.

68. A method of preparing a polishing pad comprising at least partially
connecting a top layer to a middle layer; and at least partially connecting said
middle layer to a sublayer, wherein said wherein said top layer has a percent

*~ volume compressibility greater than said middle layer.

69.  The method of claim 68 wherein said top, middle and sub layers are at least
partially connected by an adhesive material.



