POLYURETHANE COMPQCSI TI ON FOR CWVP PADS AND METHOD OF MANUFACTURI NG SAVE
Field of the Invention [0001] The present invention relates to chem cal
mechani cavopolvabd7mg/ pl anari zati on pads based on a novelPCTarsp@®iotizen, and
met hod for manufacturing sanme. Specifically, the CMP pads are pol yurethane
pads derived from a pol yether/pol yester prepolyner reaction m xture,
wherein the resulting pads exhibit a noderate hardness with high porosity,
a high tear resistance and hi gh danpi ng performance. Background of the

I nVﬁnti onI [00|0_2] " i LRpE 69 {9‘1% M s § tﬁs tcherri cal
mechani cal poli shi t o pratartz e top
surface of an in-process FcoHetet W 5 1Y SE-YY sIbstrates, such as

optical, magnetic type of substrates in preparation of subsequent steps or
for selectively LeiRviNg gt erial. The technique enploys a slurry that can
have corrosive and aprasrtve properties in conjunction with a polishing pad.
[0003] The r §po0d | adThspesentrinsdiibs eslaes tootheheei ARk bgycdhas seen t he advent
of very large scale integration (VLSI) and ultra | arge scale integration

(ULSI) ~ ci r cuiPeEshigg/plepatizgtion Pedrebasetb i mHowH cormpgsitien: andgethoddor n spal | er

area in areas.j ' d r | sities
require a grtz%dtnﬂcfjagaﬁglg‘ Sg]%gbgﬁ %&%%ﬂﬁﬁg’gﬁ%g\gﬁgﬁg%%re %tg @%%ﬁaﬁgﬁﬁh{&%{rﬁgﬁhi gher
resol ution | ifidaogpelybiher/ ol pees pepotyeaptiréaedon mifttaranwhbeigthe adsaltingpater of
devi ces having smaller feature incorporated in current, designs. Moreover,
copper, becaGbibgfp mederytyRridagssarifinkigh perosivracigh gl esisnpganssiigh as

i nt er connect v i |y, etching techniques are used to planarize
conductive (E%?lgﬁép%%h?%?gl ator surfaces. However, certain netals,
desirable for their advantageous properties when used as interconnect (Au,
Ag, Cu) are not readily amenable to etching, thus the need for CWP
processes. [Q004] Typically, CMP is a dynam c process involving cyclic

mot i on of bo%@ﬁ&i{@ﬁm&i@gﬁﬁ and the workpi ece. CVMP conbines the

chem cal con on of th surface | ayer renoved, wit th chanij cal
Comoval of HEEoy Pemictt mesuil RGuGh. AR Bl PO o sof ¢
facilitating pbiisHinPet CHP, RO fedhB§uc MiRd &l @ﬁir%Qh@foptshﬁ"a&Q_fftanﬂﬁjrp'r&{ékd"9 pad
is low defect density of the polished wafer and good w thi n-wafer
uniformty. HowspedycterorafeCnmtherdsbsiptdsesuchrs apacadorgnepatypeiofe requiring
repl acenment after. about 50 .waf gr S Furtrtler, gjuri Ee% .te(l;[e ol i.shi n?e cycle
energy is tr RSP AAPERIEHET BLASHUSBE Y rsPm dFT LY ER e RSV T4 MHEES pat ed
inside the patheaschiRk cphf)stali@urfyeiliai dinMevPesidsdt dndl ablRNRGProperlidkanpad and
subsequently rel eased as elastic energy during the polishing cycle. The
latter is belcpevaeianovighapelitingpado t he phenomenon of dishing of netal
features and [de osion. VWiile it is generall known t hat prevention of
i ohing. roquifiETa JHEFIET Al SpibmipRRR Finbon PESResh FhaRiiier ' anc
density of suthaefeseilainbasiand/1da) aet sira [HPONalcTheLAhiOheULBD NS R its
continues to exist for CMP pads that provide good renoval rates, good

wi t hi n waf er r¢spitg ialee packingref araay MWrpyleviaes issmatlpeasea ingareadiis Bi ng and/ or
erosion, reducad SerAl bt | AEL GONALELONENACL equlL STRDL 8. ARdypr of onged
pad life. Sufmary of the THVEnt T on 1 0006] The P RVERt on® Perat ess” $'n part, to
CMP pad chenibstt polfsRadpRh@l 1 Paimihte hsPRE tablulbe Petotahic frocddadst i cul ar a
hi gh danpi ng performance. Choices in starting materials and specific

combi nat i ons refuiieg i@ faray the gregtge pwabergfdgviseoresngesnalige frase ggarrpradehi ng
have been fo‘i'r? g Sht fegigncst l\glhree Nore h%'ep %Xca%fse Bth 0 18\%' o] trarilge i”%c?eraisﬁl
resulting ina i fa P dduct Chat “Has" uni qué properties and 15 parg
advant ageous being@YRY paidSerconnects. Conventionally, etching techniques are used to

%yi cularly

planarize conductive (metal) and insulator surfaces. However, certain metals,
desirable for their advantageous properties when used as interconnect (Au, Ag, Cu)
are not readily amenable to etching, thus the need for CMP processes.

[0004] Typically, CMP is a dynamic process involving cyclic motion of both the

polishing pad and the workpiece. CMP combines the chemical conversion of the



[0007] It has been found that CWP pads with | ow rebound tend to absorb
relatively high anmounts of energy during cyclic deformation, causing |ess
di shi ng dwoizog/qpaed7ishi ng and yi el di ng better WD uni f or rCcruS28vioif2ess i s
| i kewi se an inportant consideration for WD uniformty and prol onged pad
life. One attenpt to describe danping eﬁ;ects quantitatively has used a
parameter named Energy Loss Factor (KEL). KEL is defined as the energy per
unit volune lost in each defornatron cycle. Generally, the higher the val ue
of KEL for a ower t el astic reboun ower e observed
i shing. 3 505 RS AR DS SR e L REE A H RS e oble Softer
However , thl Sd@mprma@hmteeﬂ@l@pmuahg@oﬂ qaGRthHRight poh&rnﬁ%sm@sf Ahe pad. The
reduced stiffness results in decreased planarization efficiency and

i ncreases di gHvadrannd thosodoprlishinaadis low dofest derpitsob thecpolifeeddwafecandcor ner .

[ 0009] Anot her oach.for..i ncreasin ue the pa to alter
its physical co%%%%r W%%r“%ﬁgﬁgﬁ’ﬁihﬁg@fSaﬁ%ﬁﬁfpgésrﬁ%Fgggaaﬁl%ﬂhﬁut

reduci ng sti fifforg@irighecfacddidneafér dboued( Rifers MRirthtgabrib@iRpedshing has been
found that a formul ati on of co-cured pol yet her and pol yester epolyners in
a particul ar cWele gherep éy Eanmaiirs tprﬂéﬁ/li’?diesA aowenhﬁﬂé%mev@hiewp@%d ip9d¢ shi ng
pad with hrg i rt ke |caIIy in
a preferred gﬁh@gﬂmqg?pggpﬁﬁr&%%ﬁb %#%ﬁpg%E9a§BQh9?ap#ﬁ%ub%§P§?|aI is a
reaction m xtrelegscotis alapid dRtNedurpigehOpHisBing dycan Tt itclidbaldo 60- 80

wei ght percent (W% w th a polyester prepolyner in an anpunt of 20-40 wt %
Nat ural |y, t i§entsibgicde g plicapmpran ¢fclivhingef wefal f@élrurﬁrél@d@mdrea&w s, frothing

agents, curat Jo! , e Thus,
t he pol yuret r}gﬁg&r’tﬂlc o%‘%&dﬁn’%ﬁﬁ 66%% tlg‘ggkaff%?% TGCE‘ ? 3r§1§1fefE 1$adf‘r%lg%r tion
exhibit a hi gypcdepad igergsed He mamoer anrshiehaty@ﬁ@rf@tm@rﬁﬂdﬂraatiaéfeberdness Wi th

hi gh porosrty and high tear resistance. [0010] The i nvention addresses
denmands pl acd®0GH ciekrs, aaesd cPptinugs tvastfact Wepags that aervidesgead and

advanced el e L or ne @Fﬁ?

advant ages. %%hgﬂh?t?&%égﬁ%hﬁgwﬁ Q@hNEM%9?Rr.éP$ ﬂ%&?ﬁggﬁgion has hi gh
ener gy di ssi pliahirandrg cedsivna bsiacdd sdfartelgug dowbosonditivgirgndq@sendntedndng ener gy
at the polrshrng interface to yield better uniformty. CMP pads

manuf act ur ed PFelengadmad Ikt eri al provi de good WW and WD uniforniti es,
snoot h polishing performance, |ow dishing and/or erosion. The pads
general ly have a high degree of stable hardness or stiffness, providing
good pl anari Satinwiy pé€thiednyaitioe and | ong pad [ife. [0011] In one aspect of

t he inventiongwﬁglyurethane chem cal nechani cal E?Irshrng ad derived from

a pol yether/p st dihe prsatopickaies risit. fodaMPingd chsmistiy forpwlgiiopihaidas The
d includ t |
eher gl yoor Rl SHREE) LRRRIANR LT B o h EROIDAN R, LU E BRI C0€ 1

total wei ght nedteriyieqpal spoeific m:bmburaﬁonst@ﬂrﬂﬁa@aldltog@maﬂ&ilﬁocé‘sses such as
adrpate paol yest er repolg i n an anount of

(TD)-term nate thylen

about 20- 40 \g@%drt)&rra rne fopag ghfters tieanerrhalogy o Wetmévrret%rrlatﬁ%rlg ht of
prepol ynmer mxtyhe. i ’hn% {3] ke MRt HIDHRY ‘8 %roﬁ%eé‘ﬁﬁ@ tepaﬁfb%la?w ative,
respectively, an oam hg agent iIntr d into t reactrron mxture to
formthe polmﬂhMmgxpadm(WMqudm the resulting polishing pad has a density

rangi ng from about 6 to out 0.95 /c 0012] I n anot her pect of the
i nventi on, a[W@phodlhwmﬁﬁﬁhgaégdhﬁhad pﬁ%ﬂ?d%%Wh@ﬁ%mﬁhﬁn% |ved froma

pol yet her / pol yﬁﬁé&ihﬁﬁ,%ﬂmﬂ&%ﬁ%béggﬁuﬁﬁgﬁ%ﬂﬁ Ao chdsik §¥§%§§H§EQE

met hod i ncl ud ol uene ocyana -term nat

pr epol yner i rluaing aulmﬂ]nnng oid yatldin tﬁﬁerSWIDmﬁﬁmmﬂnthﬁﬁlmelsdlkemmnat e
(TD)-term nat ed pol yester  prepal in._an ut 20-40 wt% in
the presence "OPOHHt £pRuqratind foh\f unforaiy pagp ?ngearﬁég B? PpAtEEIRIht
percent is based.Ap hQE Akt VRiaA N atiOfly hSuRH SRR AR Srarlell RhBII ke
reaction nrxturecbye§%ﬁ% %uc%h%ﬁg/ Sénrﬁg agent% nto th gmfeactrgnoﬁ?xture;
and polynerrfthrﬂﬁELfrKEheﬂdﬁhmdasdmfmmmqueunmvoMﬁwﬁoﬂ$manﬁ,of an

ef fective anou of. cur lis d_ havi a densjty
ranging fr omdﬁgﬁﬁlﬁ tign gy % 13’@3@3‘] %7 Egh ‘[agl?lo%]@d@&ﬁtpé‘ eBaLWer tfi’ehe CMVP
pad can be pry ﬁﬁﬁéﬁ%oﬁ&?&kghgg) SROLYRRSE didhdfe are commercially available,

t hus enabling and sinplifying the overall fabrrcatron process. Aspects of
gas frothing and casting can be carried out using standard techni ques or
equi pnment. In certain chem stry fornulations of the pad, frothing tinme can
be decreased w thout sacrificing foam ng characteristics and quality. Brief
Description of the Figures [0014] The objects and advantages of the

invention will be better understood fromthe follow ng detailed description
of the preferred enbodrnents thereof in connectron mnth the acconpanyrng

~NrNaAa r—1 B T " o -




[0017] Fig. 3 illustrates the copper polishing performnce of CMP pads in
ternms of renoval rate for pad having various ester dosages; and [0018] Fig.
4 il ustreiDes1i@ipenf or mance conpari son between the CVP pat/ustomloe22pr esent

i nvention and conmercially avail able ones. Detail ed Description of the

I nvention [0019] The above and ot her fqgtures of the invention including
various details of construction and conbi nati ons of parts, and ot her

advant ages, will now be nore particularly described with reference to the

that the. par 100y SRR ETAOREE Rl b EuRbsiGs solsr tbsl ol ana

met hod of manppeéiichdooNdAIENIRInd Q- HEVEMAE PAH. AR réNRMA st Yestlts
illustration and not as a limtation of the invention. The principles and

features of tihfecrpasgeplangizatay cHciaeplang awrqanesdstieg duaiodon Bersof
enbodi nent s 'thgpt dqﬂﬁrtin%ifron1the scope of the invention. [0020] In
0 a

one aspect, ﬁ P4 Rt %d?g' €50 a danpi ng polyneric material that is

particul arly (9609 suWinogfr bpprbih BRMAGhE HE REL GWRicpAds paliSs Wsher er ei n,
the term "danping"” refers to the ability of a material to absorb nmechani cal
energy. Pref ®hssifa) camppsifien inssugeasvaydbatdSEL enggated vathogbisdneinget hod, a
simple techni gy 05, Lestdd o D6 L Ro ofind, TLEBLA! pullifrafashor e rebound
test is knowd inthe art a IS escri%eg, Por iR OERc 8 ¥ fie Aneri can
Society for TestlitbnaiTdoMat&iiodycshdr AT MlySliansasdlyed 682 pardeliaf wighhods f or
measuring rebound al so can be used, as known in the art. [0021] The

pol ymer i ¢ matbercentags proyidss ppabyatdibans chpmical pelishimgyned widohighdampiger epeat i ng
ur et hane unit h (o] et hane,.i,s. deg i fraq . yest er
based pr epol YIETH AR SO e ek Al Ao E A i
a curative. TheipehiérihcpdiRirethaad mahial idalregtiodhiiefurd O pely&hés, e.g.,
surfactants, fillers, catalysts, processing aids, additives, antioxidants,
st abi | i zer s, Pranghireine an amauaioffabeutp0-§booizht nareank G bvihapolysstsr ar e
products for i 0 ] g | yest er

pol yol s, and%%%Pﬁﬁ%%ﬁgﬁgﬁﬂgyﬁﬁg?§f§%c’?b%%?ﬁﬁb%g%gﬁgyggﬂﬁggp%ﬁ used herein
the term " polfy@hulationCihtldess shifattants PRdtidlegco] quedtivds,end opdendly\uiesrs and

m xtures thereof [0023] Polyether polyols can be made through al kyl ene

oxi de pol ynerAdifiveoudimd fillefd Thys e pilyrcthanemigrogeliwsr éﬁ’tCMg Pyeeefdhe
offering a w RVAIRS AR r i es: - exanpl es of
et her - based g fc/%?d;&ﬁnn]g Shtl A e%gﬁl/ttaye lggﬁg h@gé)ﬁ{e%g{? 5%‘8 131/eco r{Q(‘[igl\/EG) ,

pol ypropyl enen@ichued Igdrihessh withPGgh paodtysandiigh tear {00R4¢e. Exanpl es of

pol yester polgols i ncl ude pol yadi pate diols, polycagrolactone, and ot hers.
The pol yadi pd®®0di ofhe ipxgntise addigescpyemprdsgvirgd 98 4tYIB Radsgst ibWcof adi pi c

idand ali ' i - - | . gl |,
bt anedi G RESALBY Syt TR B Ao S ol BB Y Vol and
m Xt ur es t hercempohdddald Rehymly adivatdtages s Taahighlysdanyéngipolymzad maksial bist ance,

pol yol s such as those descri bed ahove can be m xed with | ow npol ecul ar
wei ght pol yolthe ingeryion heg highsmargy| digsiration and ganahppbrgegylychpuncipgang, opy| ene

gl ycol, 1, 2- . i - i - et - . ;
3 4 but anedi o Rgaatre o S HARARG il RN bpdor InRORRRAACAP pac

3- et hyl - 1, S5ypanfanecd fbm this radtaid pedidel good VW yh & W Dglnyoemiticd) sproogy | ene
gl ycol and m xtuyr.es thereof [0026]. The nost co n i socyanates utilized in
preparing ur é’Ph %gb?rémawﬁel[msfv ﬁw@n&éﬁw gReomi hhepads caisralbelayisatie v )

and tol uene Qlie'l%%ﬁtg@ﬂe afdhPldor sﬁﬁh&(sgé%?@‘iﬂg;%oo\%ﬂf'eﬁ{aﬁ%t prhsREyanat es

i ncl ude para-phenyl ene dii socyanate as mXxtures of aromatic
i socycnat es. ah@0&gpadifspeci fi c aspects of the invention, the urethane

prepol yners enpl oyed can include aliphatic isocyanates such as, for
i nstance, hydP&dénadpeae gemect @fltgmv?{lt%ﬁaw%@anéﬁ@elm%@eg}ﬂéﬁ&% (HDI ),

conbi nat 1 ons 'O Rar g PR il o PORER A SR S RS IR A wres o

al i phati ¢ andniatuoeratprevitdsd Chlen@idasclud 3G28Jucke dixicyanares(TaAYI@-tayitieted
characterized by the i ght perce wt 9 f unreacted isocyanate groups
(NCO) pr esentpoRﬁetﬁﬁ%et%ﬁ@&oqt@/#e%%%%me@pegwl%én HE Y G SR MHitng i xi ng
ratios of CORRONGNESoH He thaP%fg'hPQf ﬁ@f)&iyﬁl@f B@&&re; toluene diisocyanate




7 materials. In a preferred enbodi nent, the anmount of unreacted NCO ranges
fromabout 6.5 to about 8.5 wt% and preferably fromabout 7.6 to about 8.4
wt % [ 00290 20uregtiberme prepol yners can be formed usi ng symRChatSeeionezBni ques
known in the art. In many cases, suitable urethane prepolyners are
commercially avail able. [0030] Exanpl es 4of commerci ally avail abl e pol yet her
ur et hane prepol yners include sone Adi prene0 pol yet her prepolyners, from
Chentura Corporation, Mddletown, Connecticut, sone A rthaneQO prepol yners,
fromAr Pro s,_and em cals,.lnpc. | ent Q Pennsyl vani.a nd ot hers.
| many cased DURERMEER ST e ooty dler BRRP L 2B P Nidhalter 6o
TDl nonomer, 280 %6, WiRkrih tiedwtighfsercdn®badell @8 thdfotal Wight bOPRpbIydRECI T i C
exanpl es of pol yet her urethane prepol yners include, for instance, those
desi gnat ed asniAgirg eesEoctive appont ¢fsunfpitap pRtEGsep stspaeiively. md hEameg a NCO
of 8.79 wt%, L .3 TD| / H1Z2NDI - PTVEG pr e r, hayin 0f 9. .11
wop | LFG Tasenredsed it AN R R BT OBl bR B G i L 570
(H12MDI - pol yesultefy, podiSERG IpYdBas a déith eangid¥Fdmhbdut 04 wtdbut 0.551g/420

(HDI - pol yet her, prepolyner, LF, having a NCO of 12.11 w% _ and AirthaneO
PHP- 80D ( TDI 1801EG Ipraapiyanpect of the inggitieg, amktbodof menufactyrig a & her

hat ude Andurl O o R0 BB ek o Rie COBTE R B or i

Sci ence) and rs@tibehtikurd 9 P2lliddax armeleahed inpRIdyesighe thl@inbalicodyaenel ymer s
include, for instance, a TDI term nated ethyl ene adl pate pol yester uret hane
prepol ymer déPhnistraimated polyisther peerelyn®s moan #aguy @f abaute00 v owitht % from
Chent ura Cor i I j r.. suit ter
ur et hane pr eg@hg/ﬁnee&rﬂs%of%g ?tgégb@%“%%&ﬁg’t% B}Ielgtlréh Ifreegélp %GVZ#ESH a@%&gﬁéﬁ?@é@? havi ng
a NCO of 5. 920w 0t, ithé,présantdd ad eNeEdhefanfoualofwublacthitowhdichn the @dight s and
Chem cals. Mire specifically, the TDI -term nated et hyl ene adi pate pol yester
has a nol eculPgiceies Ghtedroartbs dplrvcaght o8 Prompmers; ﬁ@é@géh%lfqa@%sed on a

reaction of j i -3-dij.sac .

met hyl benzen Zﬁxﬁ%%%%ﬁﬁig@%fﬁ% %ﬁo@gﬁ@é iy% Inalxeﬁttc}atjiﬂfi ?%él%wgﬁ%@%h%@r@tggﬂeqzé% d that
a CWP pad denhe/fothtd esacdorpmintaiche teatycasd ef anhdhedvpanpaltyieiratieawnt | ve

m xture, wherein the .8 co-polynerized/reacted blend i sﬁgr ovided in an

amount of abd®m Bpoksding paddEME AdsnstHraABHgTPY 2bet B tole3EPYidL e/ ce.

unexpect edl y id i i S| | es of

i g dampi ng Y rapsfuRRtla TR Cat MU cElpEATphaR AR BRpoRRRE AL

pol yet her pr epoton@érciablelagailadit, thudrenhbigf adisingpliffyidgaheievieald fabsiostyanat e
(TDI) - term nated pol ytertanethyl ene ether glycol inparts high hardness
and hydr ol ysiP§ospappsncely of gay frethingend spsfigrcan bp caipish prersing $mdard family of
toluene diis ot EE':'H e i . i nparts
soft segnent Z@%@Eﬁ?ﬁwﬁiﬂ%}tng{ %S%gTaﬂz%ﬁgﬁ]agﬁ@Sgﬁgg B%ir’ %‘S’g{r”? es in
turn provi de timd dainrbewit@nscddthoiut bdchifiding foamingrehiutayteribtiow add gbalitg. and/ or
erosion, reduced scratching of the wafer, and | ow conditioning

requi rements. Preferably, the co-polynerized blend is provided in an anount
of about 65- 75 w4 nal, . out 25-35 wt % pol yester and nost
preferred ab(i)%%e\ﬁlpoe%u. Jbg(’gt(??%%g‘r“%?o about 30 w % pol yester. [0034] The
curative is §0@kehpdThetbbgectaanxitads entages@d throuncsionsad bedetermdorstdodr den t he

ur et hane prepol yners. The curative reacts with isocyanate groups, |inking
t oget her chaiﬁf?éng‘lg faﬂ%‘ﬁ@gﬁﬁ@#eé GGSPBPW%O%BW efsbsrbodenpRtp CEp 8 i ves

typically e oAl 5 = bi s(2-chl oroaniline)

met hyl ene, g@h%@ﬁ%ﬁ@ha{g&%\%@pé%n%@{éﬁyl?xgl?lge}l?ed to by the tradenane of
MOCAG, 4, 4' - ned1sy| drig- billkistr@ecthk baeh2sseretioeidnyr@iition é)he sabd pelyetheed as
MCDEA; di net hyl t hj ot ol uenedi am ne, tri nmet hy(l enegl ycol di-p-anm nobenzoat e;
pol yt et r amet RPf BAVEXFHRICRRIY S M £2€d:pol yt et r amet hyl eneoxi de

nono- p- am no mgat : Y. i L-p-Aam ;

pol ypr opyl engom e B 'nzggl)é g%ﬁ%oéggggg%?ggfﬁétf%@%ﬁ ggﬁﬁ%ﬁﬁhﬁl 0) et hane;
4, 4" - met hyl erepdiyseasulidi foaneddbaatdyh b otacaoe diianrered;pobretler bndpblydst&, 4- and
3-tert-butyl-2, 6-tol uenedi anm ne; 5-tert-anyl-2,4- and

3-tert-anyl- 2rEo0EN€nedi ani ne and chl or ot ol uenedi ani ne and ot hers. [0035]
In specific aspects of the invention, the curative enployed includes an
aromatic amne, in particular an aromatic diam ne, e.g., bis-(alkylthio)
aromati c di am nes. Conmercial exanples of suitable aromatic di am nes

i ncl ude Et hacureO 300 (fromthe Al bermarle Corporation, R chnond,
Virginia), which is a m xture contai ni ng

3, 5-bi s(net hyl t hi o) -2, 6-tol uenedi ami ne and 9

3, 5-bi s(net hyl t hi 0) - 2, 4-t ol uenedi am ne; and Et hacureO 100 (al so from

Al bermarl e Corporation) which is a m xture containing

s ~ o~ N L F AT




[0038] The relative anmounts of urethane prepolyners and curative can be
determ ned, for instance, by taking into account the %NCO of the given

ur et hane woepaloysen. The curative can be added to give &cCzarskimasizen of
am ne and hydroxyl groups at about, e.g., 0.9 to 1.05 (i.e., 90 to 105%,
of the avail able isocyanate groups in tng prepol yners on an equi val ent
basis. In a preferred enbodinent, the curative is in aratio of 0.9 to 1.0
of the prepolyners used. [0039] For CVP applrcatrons t he danping materi al

preferably i r ntai ni n crose Vol ds

Pypi cai Ty ar 0 e e SOR O BRI S e BesS RS RE B 04T 0 1 e o
the struct ur @fedmdRerdB iR padhavibl Khiehs MR at)@gasr 'aﬁ@tl on, the voids or

m cropores retain slurry Por pol 1 shing the surface of t he wor kpi ece. [ 0040]
Several appr d8@i8%s Bart ﬁlelstn@cﬁa p@fqrrmaeet camparigen betpeen thetlMPpad pbthgur et hane
material. Porgsity can be forned 15, qswance by using filler particles
such as hor|&w”88H9W%P?83H?898§BH&% VTR Wi th f1uid (gas or liquid).

10 Mcrostructure can also be inparted by frothing gas into a viscous
system injecting gas into the pol yurethane nelt, introducing gas in situ

t hrough a chdlstaited 'h&-vtuh°t q -Sn" eto gaseous product , decreasing

pressure to ved fornt u [ 0041]
" apect 11 QI clRGPoVEindibel Brbf TRy g of nsdio o i TBRAT S o

vol une is forceedrieioh bt tumtgnmdnb oBp P& asdl6thcPsdvahtab &JRAIl néh beahdre car bon

di oxi de, rare gases, e.g., helium argon, xenon, as wel| as other gases or

gas ni xt ur es patsskaslytdesaribed withtrefesense t@ﬂ@mc@anpmmgtdr@\ﬁmgs aehpeistedxi dat i on
reactions in fhe tL@%‘ﬂhﬁ‘{ Eit %ﬁﬁ%@hﬁ%‘éstﬁ&?mﬁg %F y‘i el a?ﬂolgarehr%ﬁl%' efifval

"non-reactive" rcu pre I's ni rogen [ 0042]
Frothing is d@@ﬁambea@ohttﬁﬁ pabiringéthod 6f dafufablatientmbedyifs HE4nd@liba | ssued
to Brian Lonbardo on [0043] February 4, 2003, the teachings of which are
i ncor por at ed 2FeHONR ByyWVies iflaytession ang Rt as adnitstemyof the @yerts) Thef r ot hi ng
produces mcr t, ] [ i In one
exanpl e, thep%%]’%%e @ﬁiuﬂ%§@%ﬁ%g@%ﬁ§§%§h§$6§p§kwﬁd%PQg?g%%%%éﬂfégu%h
about 30 pm chitotiimdng hkowpidepetiygrabmaas skvpe obidusi@diohn t he presence of
one or nore surfactant(s), e.g., non-ionic or ionic surfactant(s).

I ncluding a §%Mctlar@me@w¢0béhqolarw@mralﬂte§t%@d@ﬁp@g@plﬁmﬁ@y@@@n@ﬁ thedvi ng | ow
viscosity. [Q.szfglctﬁ‘a )z/ lﬁﬁlfté’do BQheg ngt{llse ?sd Aé‘%s%h%%tén?q
ane eria

m crostructure' 1 n uret S an | eve res’u at

| east in par ternf ‘rdarﬁptﬂge’ rafisoiophé wth@rtsfapaﬁtbm:tllt@ab@frb hmdtm@dmbm@gﬁydrocar bon
chains of surfactant at the air / g interface and reaction of its
functional graefpraiiz dpnpmes sansaseied by Q:Bé“é)@ferf@ oune e asigplef act ant i s
desirabl e to piAduce,! t{%‘tln%fgﬂlé/ﬂ%&%ﬁaad}% nge[tgﬁeﬁ ThE B8R RBbuR €s3d %Pdﬁ and
mai nt ai n thel rrntegri en sunj ecte O varylng processi ng con i ons,

e.g., shear,1ﬁ&ﬁp@maMUseamﬁbat@aaumaumaﬁnaémmnswaﬁgpua@HByTeﬁmg@y@d during
processi ng al so arepgre er was al so found that surfactant sel ection

coul d af f ect Myerigh STMétstﬁnﬁgrdﬂ%%%%r Pihesmethags foraneaspring ebpyd dpso pore
size, an inp a olynmeric materials used to nanufacture
CVP pads. %ﬁ@?gh§ﬁ‘5$ﬁﬁﬁﬁ¥ms@%?gble surfactants include silicone
surfactants 306821 asThef ilyrhérsd @neeial is apolyn@hsecont @apslymgr edntdiviagt one bl ock
conprising 11 pol.ydi nethyl sjl oxane and at ]| east one ot her bl ock conprising
pol yet her, pémﬁé%%rreﬂrﬁar yars- dehe pedyyethyrais Werstdelraa gridhresherpobygeer | n

speci fic_enbogi e LS Sloh 3L AR Wil AQIRLEORARSS ARKYA K| eneoxi de
(or poneroxane p al kyl'ene oxi surfactan

Pol ysi | oxane-cpaitiyal T{“_hd: poleociidenasdiial aat aotude athsﬂmgmhdﬁmwg Jisorfadtentart as a
silicone cop ol s and can include polyneric, olig ric, pol ymeric and
other multi p|fjlé1y%ﬁttﬁl@rtﬁdﬂg?qswaﬁ@srﬁéi@éweaaéltlorléaﬁsz,]st ilizets, Tubricants and
Ponsronanesgggﬁalkyleneoxrde surfactants can be copol yners that conprise
a pol ysil oxane backbone conprised of siloxane units, and pol yal kyl eneoxi de
si dechai ns. '[ng)olIy&ﬂianxamo@&&kbﬁﬁ@rmntstferrﬁédmerea&tﬂgaiowms eh@i n,
branched chain or cyclic in structure. The pol yal ky] eneoxi de si dechai n of
copol ymer s ma@plyeHer aromRA W%rpaﬁﬁoﬁr%mﬁmgé%ﬁ9tyglm§89r gjdsocyanates.

pol ybut yl eneoxi de macronononers and so forth, or m xtures thereof.
Optionally, the side chains may al so i nclude pol yet hyl ene, pol ypropyl ene,
pol ybut yl ene nononers. The pol yal kyl eneoxi de nononer can be present in an
anount greater than about 10% preferably greater than about 20% and nore
preferably greater than about 30% by wei ght of the copol yner. [0048]

Pol yet hyl eneoxi de si dechai n macronononers are preferred. Al so, preferred
are pol ypropyl eneoxi de si dechai ns, and sidechains conpri sing
polyethyleneoxrde and polypropylene oxrde at a nDIe ratro of from about 1:2
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Cor poration, Mdland, M chigan, e.g., under the designation DC 309, 5098EU
and 2-5211 (a net hyl (propyl hydr oxi de, et hoxyl at ed)

bi s(tri nawbybsidiexy) sil ane). [0050] The surfactant prefecahisgoios4zel ect ed
based on paranmeters such as foam ng capability, stability or cell size
obtained during frothing. In particular,. for a polyether/polyester urethane
prepol ynmer m xture, a suitable surfactadt is Niax0 L-5340, avail able from
Monenti ve Perfornance Mat erial s, which inparts chem cal 12 stability and

comat b 11l BT R S SRR gl 2

preventi ng cghhnﬁgahgsmgage even in |lower in-place densities. [0051]
Amount s of surfactant can be determ ned experinentally, for instance by
eval uati ng fr{@@iﬁ] ngl’qimh@r@pérqlsqarn&s raérd@/tblrouglr éﬁdfalerlr: esld@ﬂootyn@r@n@mpr oduct .
Typi cal |y, surf an from abou 3 to
about 508 by il Bk e R dudsfl S g BB i BsBER Y hePidang

surfactant. Sudbaet n)tpeaié@uabﬁmains&aﬁmsbeeaxnbeeeégdlyats 11@@1{1@.@ per hundred
parts of resin (PHR). In nmany cases, a suitable surfactant anount was

around 1.5 PHRlyteranathyiernaibes cbyoel GEINME M Cadrodypropydosthertsdy coy R, tikd f or
formng the %8I%%Prrc mat erial optionally can include other ingredients,
such as catalysts, fillers, processing aids, e.g., nold rel ease agents,
addi tives, cqb@mntlsxanq;y@s)fpamem@xpdwts SncldealdilyddzRNSdiolsubr i cant s and so
forth. [0053] Catal ysts, for instance, are conpounds that are added,

typi cal |y i npehighpro at andapthass. o Fhg eolzadipripilol candsaradsibyihe hout bei ng
consuned in th [ t. ca roduce
pOI yur et hane 091?%% é)tf:o% %Flictl%ﬁ otf%glﬁ?c] acgc} Qtldy Al 21%’[1(2 31815 sugh Qs ?tH\Zlgﬁ élyf@r tiary
am nes, or ga@r@pyaaiecgsycoorlgaamcad)u n@ope@nsypgtyadslsuena@ahcdr dibthylehe n
drlaurate (DBTDL), stannous octoate and others. [0054] As known in the art,
fillers can tbyc dedﬂpematﬂeﬁwfpolrshrng properties of a CMP pad, e.g.,
mat eri al r t 0 pecific
exanpl es of "W‘ﬁsér ?Oﬁidl Iﬁlgtalﬁé fsloﬁ)l%zug Z%éé/nc rdlfl‘&%ncg lgef%d%gl?&] a@%h?sgd to
particul ate miBieibeabboverag be rﬁlk&ew&h 10 bdodsrru e et ip6lysalsc €.0S phheeas,
functional fillers, nanoparticles and so forth. gOO 5] The resent

i nvention al $&yoblla-aepysnpelsal i Agorapyanmelieplnt etweardial, dr -beryadielt hane
material . 1n,3 r S e L, I olyners are
preferably Cgﬁggﬁgf?glﬁﬁmﬁﬁgﬁfﬁé% &gﬁaﬁ$§bgﬁpgwr§,%?3}5%88%8 roth which
in turn is confbtthed] Bigchtaediol, ato- h/@;an@i@l dicthyilyne ghbol, Angbpylegy gdestnt (S)
e.g., catalysts, frIIersgﬁgrocessrng ards addi tives, dyes, antioxidants,
stabilizers, apd Bixtuegsacr so forth can be added to or can be present in
the prepoly a A such
ingredientsngﬁgﬂﬁcgﬂkﬁgoaaékﬂlg&%ﬁg%ﬁ%%§? %%Bﬁﬁk; §£?H%HP§§§F¥BH%P?§an1 13
[0056] Fr ot hiargmethplche dipholylcliisscyshith (MDY ageohehe aﬂatcbraratesyTDIabjoeh gas,
using equi pment such as commercial casters with pressurized o

non- pr essur i 2E4Naticn KEhersgomaatia isogyanateinghypde wwhelatlﬁ@rdlwp%raﬁgteél}%%ns

Typi cal frot t n the range of from about 50 to
about 230 F, QkQ%Uaﬁ%@%&ﬁ%Qf (ﬁ%ﬂ%§§§§¥ﬁ%$%thrng time can be within the
range of froqnwn@uunkpaﬁﬁcanddsbﬁﬂabdumnaﬂGMmmuﬁaﬁgngmaﬁmﬁsgm@knbdrogen
flow can be within the range of from about bout 20 standard cubic
feet per hourcan mdadﬁglllgbeé@dswﬁn%e wctl As, ﬁOtlﬁétarCangédregerrare@rM%out 500 to
about 5000 r I; t k can be
i nt ainod ot agean RS im i PAC T PN B A i RbeyIAE PR 10
at nospheres. (ﬂMmaﬁpmﬁm1ﬁm§MuamdmdmoeMHmnomhﬁmnbﬁsﬂnmemebmﬁbgmmusakove to
produce the pol yuret hane naterrﬁ [ 0058] Casting of the foamis conducted
by pouring t (80 Fishdeimpixires ofgilighaticgind; ashatitcsocyaf¥Py suitabl e for produci ng

a desired CW& ) uring CwP
pads are kno &?ﬁ eIL Wﬁb%$ﬁ§b¢rot Hﬁgﬁ%ﬁ@@%ﬂ%ﬁﬁ%ghggﬁg G%/gﬁ%duce a

m crocel | ul amnmabtysdnse)bnme: gratyer (NG O) priscsit mthe poepstyeprc@t%ONCOaeanited out in
an oven, e.g. box oven, convey n or another suitable oven, at a

sui tabl e curiUg PelfFamping miyag rertas OgC%P?%Fsef%%ﬁoﬁb‘dn%f’mﬂ’}l??ﬁlangyst ens such
as descri bed above can be cured at a tenperature in the range of from about
50 to about 250 F, e.g., 235 F, for a period of tinme of about 30 m nutes.
The curing process and its end point can be determ ned by eval uating the
viscosity and hardness of the system Curing can be conducted in air or
under speci al atnospheres, e.g., nitrogen, or another suitable gas or gas
m xture. [0059] After it is determined that curing is conpleted, for
instance at the point when the systemin the mold can no |onger be poured,

t he hardened nlcrocellular product IS released frontthe nDId and can be
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[0061] Cell size, also referred to as "pore" size preferably is uniform

t hroughout the material. Mean pore size can be in the rage of from about 2
m crons (WoRotiwiedyout 200 um I n sone specific instance®CTiUse0®aL8POr €
size is greater than about 30 mcrons (gnm, for exanple within the range of
from about 50 to about 100 | am and Iarge;, e.g., up to about 120 | am and
hi gher. [0062] Wthout wi shing to be held to a particular theory or
mechanism it is believed that frothing with a non-reactive gas, e.g.,
nitrogen or another inert.gas, in.the presenc f surf t affects pore
di st r i but i on AR A8 PR PakAfR R B RRGTY pDbRAGST NS el
appears to caQBbiitd.5 ROIBUSS. B &vteshddirsefdbPLirb@Nidoly7.6 edboat Biungosur f ace
tension at the air/liquid interface. [0063] CMP pads manufactured using a

system and md0®9d SWiskhaae prrpelymobeeindl dviancdaningsynibeldc iephrpiueas &ndwhn iy or
pol i shi ng sery condichor, c.0BL LGakC IRANG! ME,0LOINCE SHBSLEAL SR Huever
€ mat e Palgertved Yo ¢ AePholyet her T hofriast,

the pol yuretha nateri ( Mt he et ester pre%olynnr
reaction m xyoe3m|i SExdeiésomesnidrany hailbighotam Dgtime peffoyymdme way of
characterizing the danping, is the Bashore rebound which is preferably
measur ed usi AecledesonicoA pipsaa®tpobisther peapobynass fsinh Chgmiira Caglogatipnet hane

pr epol yner on Hrepal r mxtures and a rati,ve ungder po rization
Bondi 1) ons, ~ OHIRRS Tl ebh s Re At EH BB iPh AP PEREEHER: “har den

the conbi nat iChemi¢dls) Ligc. Sl drdlowh, syl vdaer) @h@blhiss. thenad0lchdbspheduct is
formed w t hout subjecting the prepolyner to a process Intended to introduce
m croscopi ¢ $relynesh gentpiptew dewslsrftieaciragnonfesre. e x ARpmenpret. 4ad afgsence of

frot hi ng, furégﬁ%dﬂj%ﬁﬂ§§%% bg}qﬂ@,[0064] The solid product is enployed to
screen candi date sys%ens Wit h respéct to other properties such as hardness

and rebound (@313n SpepIfREh®Pleobf falfpthBiturethhite prédlymers include, for
2011/ 016971PCT/ US2010/ 042281 15 accordance, with t%e one aspect of the

present i nventstaes, thoseulepigpated aptrrensRiLEIPAP (T B WMEC Pl enur ed as
oL Prosuci g 3G PLOONES, VRS PSR LR, oo,
Shore D Prepohyingna NEO®T QUN aiths)LINa me0DGTES-PPG prEfet @ty ME( haéidng a NCO
of 8.75 wt%), LW 570 (H12MDI- polyether prepolymer, having a NCO of 7.74
wt%), LFH 120 (HDI-polyether prepolymer, LF, having a NCO of 12.11 wt%) and
Airthane® PHP-80D (TDI-PTMEG prepolymer, LF, having a NCO of 11.1 wt%).
Other specific examples of urethane prepolymers that are commercially available
include Andur® (Anderson Development Company), Baytec® (Bayer Material
Science) and so forth.
[0032] Examples of polyester urethane prepolymers include, for instance, a TDI
terminated ethylene adipate polyester urethane prepolymer designated as
Vibrathane® 8570, having a NCO of 6.97 wt%, from Chemtura Corporation,
Middletown, Connecticut. Other suitable polyester urethane prepolymers include
but are not limited to Versathane® D-6, having a NCO of 5.99 wt% or D-7, having
a NCO of 6.60 wt%, from Air Products and Chemicals. More specifically, the
TDI-terminated ethylene adipate polyester has a molecular weight ranging from
about 2500 to 4000 and is based on a reaction of an ethylene adipate polyol with a
1,3-diisocyanato methylbenzene.
[0033] As discussed is detail below, it has been found that a CMP pad derived

from a polyether/polyester based prepolymer reactive mixture, wherein the



72 LF750D E300 TDI - Pol yether 43 70 LFG740D E300 TDI - Pol yet her 38 65 LFG740D
E300+30%IMP TDI - Pol yet her 40 69
WO 2011/016971 PCT/US2010/042281

co-polymerized/reacted blend is provided in an amount of about 60-80 wt%
polyether to about 20-40 wt% polyester, unexpectedly provides a pad material
which has the physical properties of high damping, low rebound, and good removal
rate. In particular, the polyether prepolymer, selected from the family of toluene
diisocyanate (TDI) — terminated polytertamethylene ether glycol imparts high
hardness and hydrolysis stability, while the polyester prepolymer from the family
of toluene diisocyanate (TDI) — terminated ethylene adipate polyester imparts soft
segments, and high damping. This balance of physical properties in turn provide
within wafer and within die uniformity, low dishing and/or erosion, reduced
scratching of the wafer, and low conditioning requirements. Preferably, the
co-polymerized blend is provided in an amount of about 65-75 wt% polyether to
about 25-35 wt% polyester and most preferred about 70 wt% polyether to about 30
wt% polyester.

[0034] The curative is a compound or mixture of compounds used to cure or
harden the urethane prepolymers. The curative reacts with isocyanate groups,
linking together chains of prepolymer to form a polyurethane. Common curatives
typically employed can include 4,4'-methylene-bis(2-chloroaniline) methylene,
abbreviated as MBCA and often referred to by the tradename of MOCA®);
4,4'-methylene-bis-(3-chloro-2,6-diethylaniline), abbreviated as MCDEA;
dimethylthiotoluenediamine, trimethyleneglycol di-p-aminobenzoate;
polytetramethylencoxide di-p-aminobenzoate; polytetramethylencoxide
mono-p-aminobenzoate; polypropylencoxide di-p-aminobenzoate;
polypropylencoxide mono-p-aminobenzoate; 1,2-bis(2-aminophenylthio)ethane;
4,4'-methylene-bis-aniline; diethyltoluenediamine; 5-tert-butyl-2,4- and
3-tert-butyl-2,6-toluenediamine; 5-tert-amyl-2,4- and
3-tert-amyl-2,6-toluenediamine and chlorotoluenediamine and others.

[0035] In specific aspects of the invention, the curative employed includes an
aromatic amine, in particular an aromatic diamine, e.g., bis-(alkylthio) aromatic
diamines. Commercial examples of suitable aromatic diamines include Ethacure®
300 (from the Albermarle Corporation, Richmond, Virginia), which is a mixture

containing 3,5-bis(methylthio)-2,6-toluenediamine and
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3,5-bis(methylthio)-2,4-toluenediamine; and Ethacure® 100 (also from Albermarle
Corporation) which is a mixture containing 3,5-diethyltoluene-2,4-diamine and
3,5-diethyltoluene-2,6-diamine.

[0036] In addition to the aromatic diamine component, preferred curatives can
include one or more other ingredients. For instance, to modify the urethane domain
network or polymer structure, polymer cross-linking density is increased by
introducing tri-functional agents. Preferred examples of trifunctional agents
include triols, for instance aliphatic triols such as trimethanolpropane (TMP),
alkoxylated aliphatic triols, e.g. ethoxylated TMP, such as TP30, available from
Perstorp Corp., polypropylene ether triol having, for instance, a molecular weight
of 100-900 and aliphatic amino triols such as Vibracure® A931, available from
Chemtura, triethanol amine (TEA), and others. Mixtures of triols can likewise be
employed.

[0037] In certain embodiments, the preferred curative for use with polyether
urcthane prepolymers is a mixture of Ethacure® 300 in combination with 5-10 wt%
triol, and in particular the combination of Ethacure 300 with 5%-30%
trimethanolpropane (TMP).

[0038] The relative amounts of urethane prepolymers and curative can be
determined, for instance, by taking into account the %NCO of the given urethane
prepolymer. The curative can be added to give a combination of amine and
hydroxyl groups at about, ¢.g., 0.9 to 1.05 (i.e., 90 to 105%), of the available
isocyanate groups in the prepolymers on an equivalent basis. In a preferred
embodiment, the curative is in a ratio of 0.9 to 1.0 of the prepolymers used.

[0039] For CMP applications the damping material preferably is microcellular,
containing microscopic sized voids which typically are formed by processes
targeted at incorporating such voids into the structure of the material. During CMP
planarization, the voids or micropores retain slurry for polishing the surface of the
workpiece.

[0040] Several approaches can be used to impart microstructure to the
polyurethane material. Porosity can be formed, for instance, by using filler

particles such as hollow polymeric microspheres, filled with fluid (gas or liquid).
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Microstructure can also be imparted by frothing gas into a viscous system, injecting
gas into the polyurethane melt, introducing gas in situ through a chemical reaction
giving rise to gaseous product, decreasing pressure to cause dissolved gas to form
bubbles or by other methods.

[0041] In specific examples of the invention, at least a portion of the void volume
is formed by frothing with a gas such as nitrogen, dry air, carbon dioxide, rare
gases, ¢.g., helium, argon, xenon, as well as other gases or gas mixtures. Gases that
do not cause chemical reactions such as oxidation reactions in the foam are
preferred and are referred to herein as “non-reactive” or “inert” gases. Particularly
preferred is nitrogen.

[0042] Frothing is described, for instance, in U.S. Patent No. 6,514,301B, issued
to Brian Lombardo on

[0043] February 4, 2003, the teachings of which are incorporated herein by
reference in their entirety. Preferably, frothing produces microstructures with
adjustable pore size and distribution. In one example, the microcellular
polyurethane material has pores greater than about 30 um. Frothing the prepolymer
can be conducted in the presence of one or more surfactant(s), ¢.g., non-ionic or
ionic surfactant(s). Including a surfactant can be particularly beneficial in systems
having low viscosity.

[0044] A stable froth (foam) is preferred in creating microstructure in
polyurethane materials and is believed to result, at least in part, from the adsorption
and partition of hydrophobic hydrocarbon chains of surfactant at the air / polymer
interface and reaction of its functional group with the polymer. In creating the
foam, a surfactant is desirable to produce the polyurethane froth. Froths that are
stable and maintain their integrity when subjected to varying processing conditions,
¢.g., shear, temperature or pressure variations, typically employed during
processing also are preferred. It was also found that surfactant selection could
affect not only frothing intensity or froth stability but also pore size, an important
parameter for polymeric materials used to manufacture CMP pads.

[0045] Examples of suitable surfactants include silicone surfactants such as, for

instance, copolymers containing at least one block comprising
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polydimethylsiloxane and at least one other block comprising polyether, polyester,
polyamide, or polycarbonate segments.

[0046] In specific embodiments, the surfactant is a
polysiloxane-polyalkyleneoxide (or polysiloxane-polyalkylene oxide) surfactant.
Polysiloxane-polyalkylencoxide surfactants also are known in the art as a silicone
copolyols and can include polymeric, oligomeric, copolymeric and other multiple
monomeric siloxane materials.

[0047] Polysiloxane-polyalkylencoxide surfactants can be copolymers that
comprise a polysiloxane backbone comprised of siloxane units, and
polyalkylencoxide sidechains. The polysiloxane backbone can be either straight
chain, branched chain or cyclic in structure. The polyalkylencoxide sidechain of
copolymers may include polyethyleneoxide, polypropylencoxide,
polybutyleneoxide macromonomers and so forth, or mixtures thereof. Optionally,
the side chains may also include polyethylene, polypropylene, polybutylene
monomers. The polyalkylencoxide monomer can be present in an amount greater
than about 10%, preferably greater than about 20%, and more preferably greater
than about 30% by weight of the copolymer.

[0048] Polyethylencoxide sidechain macromonomers are preferred. Also,
preferred are polypropylencoxide sidechains, and sidechains comprising
polyethylencoxide and polypropylene oxide at a mole ratio of from about 1:2 to
about 2:1.

[0049] Examples of commercially available surfactants that can be used are some
available from Momentive Performance Materials under the designation of Niax®,
for instance L-7500, L-5614, L-1580; from Air Products and Chemicals, ¢.g., under
the designation of DC-193, DC-5604 and DC-5164; and from Dow Corning
Corporation, Midland, Michigan, e.g., under the designation DC-309, 5098EU and
Q2-5211 (a methyl(propylhydroxide, ethoxylated) bis(trimethylsiloxy)silane).
[0050] The surfactant preferably is selected based on parameters such as foaming
capability, stability or cell size obtained during frothing. In particular, for a
polyether/polyester urethane prepolymer mixture, a suitable surfactant is Niax®

L-5340,available from Momentive Performance Materials, which imparts chemical
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stability and compatibility in both TDI polyether and polyester components, as well
as provides fine, uniform cell with a high degree of closed cells by preventing cell
coalescence even in lower in-place densities.

[0051] Amounts of surfactant can be determined experimentally, for instance by
evaluating frothing characteristics and/or properties of the end product. Typically,
surfactant levels are within the range of from about 0.3 to about 5% by weight with
respect to the total weight of prepolymers and surfactant. Surfactant amounts also
can be expressed as parts per hundred parts of resin (PHR). In many cases, a
suitable surfactant amount was around 1.5 PHR. Other amounts can be selected.
[0052] The system used for forming the polymeric material optionally can
include other ingredients, such as catalysts, fillers, processing aids, e.g., mold
release agents, additives, colorants, dyes, antioxidants, stabilizers, lubricants and so
forth.

[0053] Catalysts, for instance, are compounds that are added, typically in small
amounts accelerate a chemical reaction without being consumed in the process.
Suitable catalysts that can be used to produce polyurethane from prepolymers
include amines and in particular tertiary amines, organic acids, organometallic
compounds such as dibutyltin dilaurate (DBTDL), stannous octoate and others.
[0054] As known in the art, fillers can be added to affect polishing properties of
a CMP pad, e.g., material removal rates, to promote porosity or for other reasons.
Specific examples of fillers that can be utilized include but are not limited to
particulate materials, e.g., fibers, hollow polymeric microspheres, functional fillers,
nanoparticles and so forth.

[0055] The present invention also relates to preparing a damping microcellular
polyurethane material. In a preferred process, a polyether and polyester
prepolymers are preferably combined with a surfactant and frothed to produce a
froth which in turn is combined with a curative. One or more optional ingredient(s)
e.g., catalysts, fillers, processing aids, additives, dyes, antioxidants, stabilizers,
lubricants and so forth can be added to or can be present in the prepolymer reaction
mixture, curative or surfactant. One or more such ingredients also can be added

during frothing or to the resulting foam.
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[0056] Frothing can be conducted with nitrogen or another suitable gas, using
equipment such as commercial casters with pressurized or non-pressurized tanks
and distribution system or other mixing systems. Typical frothing temperatures can
be within the range of from about 50 to about 230° F, ¢.g., 130 to about 185° F;
frothing time can be within the range of from about 10 seconds to about 240
minutes; gas, ¢.g., nitrogen, flow can be within the range of from about 0.2 to about
20 standard cubic feet per hour; mixing speed can be within the range of from about
500 to about 5000 rotations per minute (RPM).

[0057] The pot or mixer tank can be maintained at ambient conditions or under
pressure, €.g., up to about 10 atmospheres. The froth cast and cured in the presence
of the curative to produce the polyurethane material.

[0058] Casting of the foam is conducted by pouring the foam into a mold, for
instance a mold suitable for producing a desired CMP pad. Mold dimensions and
shapes useful in manufacturing CMP pads are known in the art. The froth is cured
or hardened to produce a microcellular polyurethane material. This curing step can
be carried out in an oven, ¢.g., a box oven, convey oven or another suitable oven,
at a suitable curing temperature and for a suitable period of time. Systems such as
described above can be cured at a temperature in the range of from about 50 to
about 250°F, e.g., 235° F, for a period of time of about 30 minutes. The curing
process and its end point can be determined by evaluating the viscosity and
hardness of the system. Curing can be conducted in air or under special
atmospheres, ¢.g., nitrogen, or another suitable gas or gas mixture.

[0059] After it is determined that curing is completed, for instance at the point
when the system in the mold can no longer be poured, the hardened microcellular
product is released from the mold and can be post-cured in an oven at a suitable
temperature and for a suitable period of time. For instance the hardened product can
be post-cured at a temperature within the range of from about 200 to about 250° F,
e.g., 235°F, for several hours, e.g., 8-16. Following post-curing, the microcellular
product can be further conditioned at room temperature for a period of several

hours to a day or longer.
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[0060] The microcellular polyurethane CMP pad derived from a
polyether/polyester mix in the requisite proportions preferably has a Bashore
rebound within the range of from about 20% to about 50%, preferably, about 30%
to 38%. The pad material can have a density within the range of from about 0.6 to
about 1.0 g/cm’, preferably within the range of from about 0.60 to about 0.95, while
in some embodiments, the hardness of the microcellular polymeric material utilized
in the pad is in the range of from about 30 to about 80D.

[0061] Cell size, also referred to as “pore” size preferably is uniform throughout
the material. Mean pore size can be in the rage of from about 2 microns (um) to
about 200 um. In some specific instances, the mean pore size is greater than about
30 microns (um), for example within the range of from about 50 to about 100 pum
and larger, e.g., up to about 120 um and higher.

[0062] Without wishing to be held to a particular theory or mechanism, it is
believed that frothing with a non-reactive gas, e.g., nitrogen or another inert gas, in
the presence of surfactant affects pore distribution and size during foaming. During
frothing, the surfactant appears to control pore size and distributions by controlling
surface tension at the air/liquid interface.

[0063] CMP pads manufactured using a system and method such as described
above can be used in planarizing or polishing semiconductor, optical, magnetic or
other substrates. However, the polyurethane material derived from the
polyether/polyester prepolymer reaction mixture is determined from the high
damping property. One way of characterizing the damping, is the Bashore rebound
which is preferably measured using a solid product obtained by combining a single
urcthane prepolymer or prepolymer mixtures and a curative under polymerization
conditions, ¢.g., suitable temperatures and time periods to cure or harden the
combination into a solid product. Generally, the solid product is formed without
subjecting the prepolymer to a process intended to introduce microscopic sized
voids into the material, for example in the absence of frothing, further discussed
below.

[0064] The solid product is employed to screen candidate systems with respect to

other properties such as hardness and rebound (as an expression of damping). In
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accordance, with the one aspect of the present invention, a number of ether and

ester prepolymers were cured as solid products. The solid products were tested and

the results for rebound and hardness tabulated in Table 1, below.

[0065] Tablel

Rebound | Hardness | Prepolymer Curative Notes for

% Shore D Name Name Prepolymer

44 72 LF750D E300 TDI-Polyether

43 70 LFG740D E300 TDI-Polyether

38 65 LFG740D E300+30%TMP TDI-Polyether

40 69 LFG740D E300+15%L-TMP TDI-Polyether

38 67 LFG740D E300+15%L-TMP TDI-Polyether

45 70 Andure70 E300 TDI-Polyether

21 37 Andure70 Polyol TDI-Polyether

45 71 Andure75 E300 TDI-Polyether

43 70 Andure75 E300+10%TMP TDI-Polyether

44 67 Andure75 E300+30%TMP TDI-Polyether

45 69 RN-1526 E-300 TDI-HMDI-Polyether
39 64 RN-1526 E300+15%L-TMP TDI-HMDI-Polyether
37 60 RN-1526 E300+30%L-TMP TDI-HMDI-Polyether
43 72 L325 E300 TDI-HMDI-Polyether
45 73 Freeman1070A | Freemanl1070B TDI-Polyether

39 66 LFH120 E300 HDI-Polyether

32 59 LFH120 E300+5%TMP HDI-Polyether

30 55 LFH120 E300+10%TMP HDI-Polyether

22 43 LFH120 E300+30%TMP HDI-Polyether

34 60 LFH120 E300+5%L-TMP HDI-Polyether

29 54 LFH120 E300+15%L-TMP HDI-Polyether

30 56 LFH120 E300+5%A157 HDI-Polyether

27 50 LF1930A E300 TDI-Polyester

36 60 Rencast6444 E300 HMDI-Polyether

45 66 Rencast6444 E100 HMDI-Polyether

36 65 V23.705 E300 MDI-Polyether

31 55 V23.705 Diol+polyol MDI-Polyether
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46 75 Rencast6430 Ren 6430 MDI-Polyester
31 62 D6 E300 TDI-Polyester
32 68 8570 E300 TDI-Polyester
30 67 8570 E300+5%A157 TDI-Polyester

[0066] The urethane prepolymers employed in the screening experiment shown
in Table 1 were obtained commercially, and included: Adiprene® LF 750D (a
TDI-PTMEG prepolymer, LF, having a NCO of 8.79 wt%); Andure 70 and 75
(TDI-PTMEG prepolymers from Anderson Development Company, having a NCO
of 8.3 wt% and 9.0 wt%); L 325 (TDI/H12MDI-PTMEG prepolymer, having a
NCO of 9.11 wt%); LFG 740D (TDI-PPG prepolymer, LF, having a NCO of 8.75
wt%); Vibrathane® 8570 and Verathane® D-6 (TDI-terminated polyester-based
prepolymers, having a NCO of 6.95-7.25 wt% and 5.7-6.1 wt%, respectively); and
LFH 120 (HDI-polyether prepolymer, LF, having a NCO of 12.11 wt%); Rencast
6430 and 6444 from Hunstman Corporation; Freeman 1070 A & B from Freeman
Manufactory & Supply Company; and RN-1526 (a HMDI-TDI polyether
prepolymer, having a NCO of 9.17 wt%) from Cytec Industries.

[0067] Several curatives were evaluated for each of the polyurethane
prepolymers identified in Table 1. The curative tested included a commercially
aromatic diamine identified herein as Ethacure® 300 (from Albermarle
Corporation) identified herein as E300, Ethacure® 100 (from Albermarle
Corporation), identified herein as E100; and several mixtures of aromatic diamines
and triols, wherein TMP is trimethanolpropane. Alternatively, the L-TMP is a
liquid ethoxylated TMP at room temperature, which can replace solid TMP; or
Vibracure® A157 [chemical name: 1,3 Propanediol bis-(4-aminobenzoate)] a
high-purity aromatic diamine curative from Chemtura Corporation. Percentages
are weight percentages.

[0068] Specifically, Table 1 lists material systems that were studied, where each
system corresponds to a combination of a specific urethane prepolymer and a
specific curative. The solid product obtained by combining, under polymerization

conditions, the specific prepolymer with the specific curative in each system was
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these systems could have been fabricated into a urethane based polishing pad
material through the methods discussed above, where the urethane is turned into a
foam via inert gas or microspheres to attain the appropriate foam porosity.
Moreover, other properties can be studied and compared using a solid product
formed by combining a urethane prepolymer and a curative under polymerization
conditions (e.g., the ability to form froth and mixing, chemical stability of the
product vis-a-vis slurries employed in CMP processing, viscosity of the system,
release of free monomer, e.g., TDI, during processing, pot life, color, etc.).
[0069] Preferred prepolymer-curative combinations polymerize forming a solid
product have a rebound less than about 38%, as measured by the Bashore rebound
test. Highly damping solid products, e.g., having a rebound lower than 35%, were
obtained from systems that include a TDI terminated ethylene adipate polyester
prepolymers and a curative that is Ethacure® 300.
[0070] In preferred examples, the solid products have a hardness in the range of
from about 30D to about 85D, e.g., from 55D to 80D. The Shore D scale, utilizing
Durometer testing, is a well known approach for defining hardness of polymeric
materials and generally is applied to plastics harder than those measured on the
Shore A scale. The Shore D hardness was measured according to ASTM D 2240.
Thus, based on the solid products screened in Table 1, from among the polyether
based prepolymers it has been found that the TDI-polyether prepolymer (toluene
diisocyanate (TDI)-terminated polytetramethylene ether glycol (Adiprene® LF
750D)) provides hydrolytic stability, a high degree of hardness (72), but a relatively
high rebound (44).
[0071] On the other hand, the solid material based on polyester prepolymers,
such as the toluene diisocyanate (TDI)-terminated ethylene adipated material
(Versathane® D6 or Vibrathane® 8570) provides a high degree of hardness
(ranging from about 62-67), but more importantly, a low rebound/high damping
(below 38 Bashore). Illustrated in a different manner, and as shown in Fig. 1 the
hardness-rebound correlation of the different material screened is shown. With the

rebound on the X-axis and hardness on the Y-axis, the linear regression of the data
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As shown in Table II, below, the ester content was increased from zero weight
percent to 100 weight percent of the entire prepolymer mixture.

[0075] Table2

Ester Hardness | Rebound | Pot Life Elongation Notes

(wt%o) (%) (min. ) (%)

0 72 44 4 ~110 100% Polyether (Adiprene
LF 750D)

20 69 39 3.7 ~160 Polyether:Polyester= 4:1

25 68 36 3.5 ~200 Polyether:Polyester = 3:1

333 65 35 3.5 ~220 Polyether:Polyester = 2:1

50 64 33 3 N/A Polyether:Polyester = 1:1

100 60 31 2 N/A 100% Polyester
(Versathane D6)

[0076] Upon curing, the co-polymerimerized polyether/polyester reaction
mixture is cut into coupons and tested. As shown, in Table 2, and graphically
illustrated in Fig. 2, the addition and reaction mixture of about 20-40 wt% polyester
prepolymer to about 60-80 wt% polyether prepolymer in a pad material with
relatively high hardness and low rebound. Preferably, the co-polymerized blend is
from a mixture of 65-75 wt% polyester prepolymer to 25-35 wt% polyether
prepolymer, and most preferably about 70 wt% polyether to about 30 wt%
polyester. As shown, the preferred balance of hardness (measured by Shore D) and
low rebound (measured by the Bashore rebound) is arrived in the most preferred
amounts of polyether to polyester prepolymers. While not wanting to be bound by
any particular theory, it will be apparent to those skilled in the art, that the hardness
of the pad material may be controlled by the density of the foaming agent, and the
like. However, the rebound or damping of the pad is not affected by these factors.
[0077] The polyurethane CMP pads derived from a polyether/polyester
prepolymer reaction mixture of the present invention were manufactured into 200
mm pads, and employed on a 200 mm tool manufactured by Applied Materials to
test the rate of removal of a copper material from the surface of the substrate. These
pads varied in the amount of ester prepolymer dosage vis-a-vis the ether
prepolymer in accordance with the ranges prescribe above. The pads were

employed in the removal of copper from a wafer substrate held onto a platen. As
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shown in Fig. 3, an ester dosage of about 30 wt% produced a pad with rate of
removal of about 7,800 A/min. Further, at an ester dosage of about 25 wt% to 35
wt%, the removal rate ranges from about 7,400 A/min. to about 7,900 A/min.
[0078] While the chemistry of the pad, manufacturing method and the
performance of the inventive pad has been set forth, the following examples are
intended to provide a basis for comparison of the present invention pads, with
commercially available ones, but they are not to be construed as limiting the

invention.
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Comparative Example 1A

[0079] Sixty thousand (60,000) grams of TDI-polyether prepolymer
manufactured by Chemtura Corporation and sold under the tradename Adiprene LF
750D was measured and added to a prepolymer process tank equipped with
variable heating temperature and agitation speed. Three hundred (300) grams of
silicone surfactant sold as Niax L-1800 by Momentives, Inc. was added to the
process tank, and the mixture was agitated with a simple impeller to create a
moderate vortex. The process tank is heated to 150°F under an nitrogen
atmosphere.

[0080] In a separate curative process tank, twenty thousand (20,000) grams of
diamine curative manufactured by Albemarle corporation and marketed under the
trademark Ethacure® 300 is supplied and heated to 130°F under a nitrogen
atmosphere. The mixed prepolymer and curative curative were simultancous
dispensed at flow rates of 566g/min and 109 g/min, respectivelhy into the mixer
head. Simultaneously nitrogen was injected at a flow rate of 0.6 cth to the mixer
head. The speed of the mixer was adjusted to around 5,000 rpm as was the back
pressure to avoid cavitations and to allow smooth dispensing and expansion of the
foam. The resultant microcellular foam had an approximately 0.7 specific gravity

and a hardness of around 63 Shore D.

Comparative Example 2A

[0081] Sixty thousand (60,000) grams of TDI-polyether prepolyer manufactured
by Chemtura Corporation and sold under the tradename Adiprene LF 750D was
measured and added to a prepolymer process tank equipped with variable heating
temperature and agitation speed. Twelve hundred (1,200) grams of silicone
surfactant sold as Niax L-1800 by Momentives, Inc. was added to the process tank,
and the mixture was agitated with a simple impeller to create a moderate vortex.
The process tank is heated to 150°F under an nitrogen atmosphere.

[0082] In a separate curative process tank, twenty thousand (20,000) grams of

diamine curative manufactured by Albemarle corporation and marketed under the
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trademark Ethacure® 300 is supplied and heated to 130°F under a nitrogen
atmosphere.

[0083] The thoroughly mixed prepolymer and curative were simultaneous
dispensed at flow rates of 566g/min and 109 g/min, respectively into the mixer
head. Simultaneously nitrogen was injected at a flow rate of 0.6 cth to the mixer
head. The speed of the mixer was adjusted to around 5,000 rpm as was the back
pressure to avoid cavitations and to allow smooth dispensing and expansion of the
foam. The resultant microcellular foam had an approximately 0.7 specific gravity

and a hardness of around 60 Shore D.

Example 1

[0084] Sixty thousand (60,000) grams of total prepolymer was measure out. Of
this, forty two thousand (42,000) grams of TDI-terminated polyether prepolyer
manufactured by Chemtura Corporation and sold under the tradename Adiprene LF
750D was measured, and supplied to the processing tank equipped with variable
heating temperature and agitation speed. Separately, (18,000) grams of
TDI-terminated polyester prepolymer manufactured by Air Products and
Chemicals, Inc. and sold under the name Versathane D-6 was measured and added
to the processing tank containing the 42,000 grams of polyether prepolymer.
[0085] Twelve hundred (1,200) grams of silicone surfactant sold as Niax L-5340
by Momentives, Inc. was added to the process tank, and the mixture was agitated
with a simple impeller to create a moderate vortex. The process tank is heated to
150°F under an nitrogen atmosphere.

[0086] In a separate curative process tank, twenty thousand (20,000) grams of
diamine curative manufactured by Albemarle corporation and marketed under the
trademark Ethacure® 300 is supplied and heated to 130°F under a nitrogen
atmosphere.

[0087] The thoroughly mixed prepolymer and curative were simultancous
dispensed at flow rates of 566g/min and 109 g/min, respectively into the mixer
head. Simultaneously nitrogen was injected at a flow rate of 0.6 cfh to the mixer

head. The speed of the mixer was adjusted to around 5,000 rpm as was the back
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i nventi on wergventignfizcthEreawls hrexhiied srats af scmensl o BP0 arin omda lewer nm t ool
manuf act ured b } erd al e fa | ~of copper
mat eri al fro%et\éﬁﬁépgg{)frﬁgggf?%rf J[’hta éﬁoss%gg??%%gaﬁﬁgéiﬁ%lg%éA%gaﬁgf f?‘?ller? ‘e amount
of ester pregabykemnindasd@geaMiate-of\3l Smillte rédpb&ivedy. eQehifyiic pabis aC®her dance with
t he ranges prescribe above. The pads were enployed in the renoval of copper
from a waf er PEesBRtiRENEIORhEPUSh LS vaiqye shemistragnd pydedWiPPPHicERHaIN3N an est er
dosage of ab 9 ced a pad with rate of renoval of about 7,800
Al'm n. Furthgékﬂggdﬁ%ﬂgg%gggdosage of about 25 wt%to 35 % the renoval
rate ranges floas9]abwtlle thidcdoi Has bbén gdroeularly SWnAnd descrifR@%8th Whi l e t he
chem stry of the pad, manufacturing nmethod and the performance of the

i nventive padciseegcesde prefetred epbadiments thegeafolimil be wadgssteed by thoseislalerbd t o
provi de a basj §,.f i . 1 b i Wt h

comer ci al | y%vﬁlaeia?t;tgﬁtg‘%gﬁ{éés,a%%é?g hﬂéﬁn glﬁcgaﬁglﬁs %%ygé;hlgggts@?%%gltgﬁgﬁtl imting
the inventi orleparddg Gompae atdpeaf Bxanpdmion AntdyBlcdIxihy appadsasidings0, 000)
grans of TDI -pol yet her prepol yner nmanufactured by Chentura Corporation and
sol d under the tradenane Adiprene LF 750D was neasured and added to a
prepol yner process tank equi pped with variable heating tenperature and
agitation speed. Three hundred (300) grans of silicone surfactant sold as
Ni ax L-1800 by Monentives, Inc. was added to the process tank, and the

m xture was agitated with a sinple inpeller to create a noderate vortex.
The process tank is heated to 150F under an nitrogen atnosphere. [0080] In
a separate curative process tank, twenty thousand (20,000) grans of diam ne
curative manufactured by Al bemarle corporation and nmarketed under the
trademar k Et hacureO 300 is supplied and heated to 130F under a nitrogen

at nosphere. The m xed prepol ymer and curative curative were sinultaneous

di spensed at flow rates of 566g/mn and 109 g/mn, respectivelhy into the
m xer head. Sinultaneously nitrogen was injected at a flowrate of 0.6 cfh
to the m xer head. The speed of the m xer was adjusted to around 5,000 rpm
as was the back pressure to avoid cavitations and to all ow snpoth

di spensi ng and expansi on of the foam The resultant m crocellul ar foam had
an approximately 0.7 specific gravity and a hardness of around 63 Shore D.
Conpar ati ve Exanple 2A [0081] Sixty thousand (60, 000) grans of

TDI - pol yet her prepol yer manufactured by Chentura Corporation and sold under
the tradenane Adi prene LF 750D was neasured and added to a prepol yner
process tank equi pped with variable heating tenperature and agitation
speed. Twel ve hundred (1,200) granms of silicone surfactant sold as N ax

L- 1800 by Monentives, Inc. was added to the process tank, and the m xture
was agitated with a sinple inpeller to create a noderate vortex. The
process tank is heated to 150F under an nitrogen atnosphere. [0082] In a
separate curative process tank, twenty thousand (20,000) granms of diam ne
curative manufactured by Al bemarle corporation and marketed under the 22



trademar k Et hacureO 300 is supplied and heated to 130F under a nitrogen

at nosphere. [0083] The thoroughly m xed prepol yner and curative were

si mul t anewox0diepemsed at flow rates of 566g/ m n and 109CH/UsR010/042281
respectively into the m xer head. Sinultaneously nitrogen was injected at a
flowrate of 0.6 cfh to the m xer head.zzhe speed of the m xer was adj usted
to around 5,000 rpmas was the back pressure to avoid cavitations and to

al | ow snoot h di spensi ng and expansi on of the foam The resultant

m crocel | ul ar, annhad an approximately 0.7 specific gravity and a hardness
of around 60 %F%Cﬁpmgfﬁnple 1 [0084] Sixty thousand (60, 000) grans of
total prepolyner was neagslygrethe chdmiciliBechhMcipoliv®ing Poadiganedd(ffbza 00)
granms of TDI-term nated polyether prepolyer manufactured by Chentura

Cor por at i on @abvetsr/golyasterbaserbprcpalyasarnactoll préwes, ¢MTB0M: was measur ed, and
supplied to the processi,ng tank equi Wit h riabl e heatin enperature
and agitation speé%. s@%&%&%ﬁP??f@?ﬁﬁgﬁ ;mngﬁ% 5?%$ff¥?§$ﬂ$%ag%§ pol yest er
prepol ymer manbpbisdd BeLpBlynAr fin i duGitHT absht GO walbs: pekdtat (vane) tagdad under
t he nane Versat hane D-6 was neasured and added to the processing tank
cont ai ni ng t 198 tAptotrd oveighd 9 Pepolysioy BtikEre: pr epol yner. [ 0085] Twel ve hundr ed
(1, 200) grans of si]icone._ sur. t.an . Nj . tives,

Inc. was added to%%*e 8@8%§%§E§gﬁ@?&é?ghfﬁ@ﬁﬁ§%@§#§ﬂ%%gﬂgg%ﬂgﬁgﬁﬂﬁjth a

si npl e i npel Ipg¢polyand@figat emaundab@it @00 ¢ght pERenpateswhérainkhé scip@at ed to
150F under an nitrogen atnosphere. [0086] In a separate curative process
tank, twenty PEfssUiskased erpthedoe) weighhel sepdy s mEtwar at i ve manuf act ured by

Al bemar | e cor por atj.\0 . C 0 300 is
suppl i ed and heat K%) Oe?ﬁégg{i@%rﬁﬁienﬁ%gﬁ%ﬁ%ﬁagggﬁd é{@@fp eSEee&R'Fg’og‘Sﬂe The
thoroughly m xed gdeplayims agndintiodadddvieowss £astionihixaune aslforah spensed at
flowrates of 566g/mn and 109 g/mn, respectively into the m xer head.

Si mul t aneous IPPlishing prfk hakedn thejreseitog poishing pahhasstdenygty gnging fign poghe ni xer
head. The sp . xer was adjusted to around 5,000 rpmas was the
back 23 preggg?g%gghggg% gbavitations and to all ow snoot h di spensi ng and
expansi on of the foam The resultant mcrocellular foam had an
approximately 0.7 specific gravity and a hardness of around 57 Shore D.

[0088] The CWP pads pr dpamelyusghyicedemiqgbereehpniqabpichig ned ohsleémdmnpl oyed in
th . gl o th
bresent  nventeih e BBt EIcih xR SABNosL TS ol podeu PR o1 ¢

Almn, and atbeben 298arwttapayesteriprépatyhéir, than those of Conparative

Exanples | A and 1B of average 7400 A/mn, and wear rate of 3.1 ml/hr
respectively. Cearly the pads of the present invention, through its unique

chem stry and physi cal 4« i i rf.qr ce. [0089]
Wi Te this Tnvent ton haseoaay semer et e P En R R e
ref erences t oviprei @rorperdpayniadicadivhanikhee escfbout 10 wi% lpobethengepstyard tdy t hose
skilled in the art that various(ﬁhanges in formand details nay be nade
therei n wi t hGOPUAIH e PAYCHFIHFRNE N cope of the invention enconpassed by

t he appended clains. 24 What is clained is: 1. A polyurethane chem cal
mechani cal polishing pad derived froma pol yet her/pol yester based

prepol ymer reactidn m xthgmpelyucahgpreichemgal mechanical polishing pad of claim 1,

wherein the TDI-terminated ethylene adipate polyester has a molecular weight
ranging from about 2500 to 4000 and is based on a reaction of an ethylene adipate

polyol with a 1,3-diisocyanato methylbenzene.

5. The polyurethane chemical mechanical polishing pad of claim 1,
wherein the average weight percent of unreacted issocyanate group (NCO) present

in the prepolymer mixture ranges from about 6.5% to about 8.5%.



(a) toluene diisocyanate (TDl)-term nated pol ytetranet hyl ene ether glycol
based prepolyner in an anmount of about 60-80 wei ght percent (w% based on
t he t ot alweenghtiewi prepol ymer m xture; (b) tol uene/us2éivoerzanat e
(TDI)-term nat ed et hyl ene adi pate pol yester prepolyner in an anount of
about 40-20 wei ght percent (W%, wher e'bg t he wei ght percent based on the
total weight of prepolyner m xture; (c) an effective anount of
surfactant and curative, respectively, and (d) a foam ng agent
introduced into the reaction mxture to formsai ol i shi d, wherein
the resurting pol Roni g i5a e edeiiel e R RoEa S 8% o abou
0.95 g/cc. 2iteipalesurttans sabaed ﬁaintﬁengioeaﬂncw drgihi ng pad of claim1,
wherein the prepolynmer reaction mxture is about 65-75 wt % pol yet her

prepol yner t dobisbexangobaliglorcpuidy surfantansy, épan ymewnt NTAS tp§lQwt’evhane
chem cal mechani cal | i shin ad of claim1l1, wherein the prepol yner
reaction m xtpﬁerpg?xn%erg %%?ur%%\?\ﬁ% pol yet her prepolynmer to about 30 w %

pol yester prepolynmer. 4.The pol yurethane chem cal mechani cal polishing pad
of claim1l, wherein the TDI -term nated ethyl ene adi pate pol yester has a

nol ecul ar wei ght rangi Ademebridbmstchomanr! mechroon! pelshing isdéglagn la reacti on
of an ethylen I pat I i 1, 3-diisoc 0 thyl ben 5. The
pol yur et hane e ege(r:#l g%le?fr?gtg%%aﬁoél a &B%’? ?tf’skfﬁffsrl% aﬁ gtgo %f(ﬂ%toa]i 'grfolt,ﬂg\[ﬁﬁe groéli%ﬂe?% he

aver age wei ghtilipet.cent of unreacted i ssocyanate group (NCO present in the
prepol ynmer m xture ranges from about 6.5%to about 8.5% 25 6. The
pol yur et hane chem cal nechani cal polishing pad of claim11, wherein the
surfactant is sel gcted-fir i - -

pol ysi | oxane- pol y%l‘ kyl eﬁ%lgg;)g}@ge%}%%{e;%gg gcfrail% él,ehlla%%aaﬁpg{réghnt%tpafirogrcr%agl.né’ to 5.0
wt % of pr epolwheedis tlenadirglvefiagt adinatic diaming. The pol yur et hane chem cal
mechani cal polishing pad of claiml1, wherein the effective anpunt of
curative is in aratio of 0.9 to 1.0 to the prepolyners utilized.

9. The polyurethane chemical mechanical polishing pad of claim 1,

wherein the pad has a Bashore in the range of about 20% to about 50%.

10.  The polyurethane chemical mechanical polishing pad of claim 1,
wherein the pad has a removal rate of a metallic film from the wafer ranging from

about 7,400 to about 7,900 A/min.

11. A method of making a polyurethane chemical mechanical polishing
pad derived from a polyether/polyester based prepolymer reaction mixture,
comprising:

(a) mixing toluene diisocyanate (TDI)-terminated polyether prepolymer in
an amount of about 60-80 weight percent (wt%) with toluene diisocyanate
(TDI)-terminated polyester prepolymer in an amount of about 40-20 weight percent
(wt%), in the presence of an effective amount of surfactant, wherein the weight
percent is based on the total weight of the prepolymers;

(b) frothing the reaction mixture of step (a) by introducing a foaming agent
into the reaction mixture; and

(c¢) polymerizing the frothed reaction mixture in the presence of an effective

amount of curative to form a polishing pad having a density ranging from about 0.6



8. The pol yurethane chem cal nechani cal polishing pad of claim1, wherein

the curative is an aromatic di am ne. 9. The pol yuret hane chem cal
mechani cavopoltvEabtd7mg pad of claim 1, wherein the pad hagCa/iBaslowrsi n t he
range of about 20%to about 50% 10. The pol yuret hane cheni ca

mechani cal polishing pad of claim1, mh?%ein the pad has a renoval rate of
a netallic filmfromthe wafer ranging from about 7,400 to about 7,900

km n. 11. A method of making a pol yurethane chem cal nechani ca

pol i shi ng pﬁg ggri %g Dron1a pol yet her/ pol yest er based prepol ynmer reaction
m xture, conpti 1%3: g/ (a) mixing toluene diisocyanate (TDI)-terninated
pol yet her prepolynmer in an anount of about 60-80 weight percent (W% wth
t ol uene diisocyanate (TDI)-term nated pol yester prepolynmer in an anount of
about 40-20 wei ghtl2per ddwimqthadHt miking i polypectiane shenicahmedhaisel ve armount of
surfactant, whereln i ght rcept. 1s based on the total . wei of the
ot epo ymor s; ORITh ol IR, SAEREE e RiheBRGte RIeh Ml Bef el

I ntroduci ng avthopslyaBerg@emlyhet 1o abbg 75eBLHi%QPoest tifrepolamdr. (c)

pol ynerizing the frothed reaction mxture in the presence of an effective
amount of curative to forma polishing pad having a density ranging from
about 0.6 26 to out Q. . . . ing a

pol yur et hane chenﬁgal Qg%%§ﬁ§%§?IB%?P%ﬁP%@“ﬁgggggﬁ%Fﬁgwg%%gggﬁ%rein t he
prepol yner r eatitHignpad oftdidigh 115 whldeniit tHRPprdfolivhdeoadtivateturPisepolyrer to
about 25-35 wt % pol yester prepol yner. 13. The nmethod of nmaking a

pol yur et hane Yéhepaledthermsenpdyinedp abewt 3y iy PRIaesteTPrepdyHEL1, wherein t he
prepol yner reaction mxture is about 70 wt % pol yet her prepol yner to about
30 wt % pol yester prepol yner. 14. The method of nmaki ng a pol yuret hane
chem cal nechani cal. polTihsmdigoPefingfing b poRuikihanelebeémical hbshapiehlyet her and

pol yester prepalyners are first mxed wwth the surfactant in a tank and the
frot hi ng agemelistingprsbef dymshl, avhersmk thegofsther and pelypster prepolympers athe et hod

aherein the FRBTT O EH Poag et sl P RRReP B, S o

m xer tank. toform dfiothThe nmet hod of maki ng a pol yuret hane chem ca
mechani cal polishing pad of claim15, wherein a green cured pol yurethane
foamis di spensed 1Pr omldsingethadfmaldng 2 aplyurcthang sherpigplogechanical * 17 The

met hod of ”a?ioﬂghiﬁ%g%{ yﬁlﬁhﬁﬁﬁgv@&?mh%%otgﬁsg%ﬁggﬁﬁh QL3N L Radi gt cl ai m

11, wherein the pr ynmers, surfactant, I ng, agent are provided
in the sane tiamdedanshid hexeusikng agent is added thereafter to the sane
t ank.

16.  The method of making a polyurethane chemical mechanical

polishing pad of claim 15, wherein a green cured polyurethane foam is dispensed

from said mixer tank and further cured.

17.  The method of making a polyurethane chemical mechanical
polishing pad of claim 11, wherein the prepolymers, surfactant, and frothing, agent

are provided in the same tank, and the curing agent is added thereafter to the same

tank.

18.  The method of making a polyurethane chemical mechanical
polishing pad of claim 11, wherein the TDI-terminated polyester is an ethylene
adipate polyester having a molecular weight ranging from about 2000 to 4000 and

is based on a reaction of an cthylene adipate polydiol with a 1,3-diisocyanato



18. The nmethod of maki ng a pol yuret hane chem cal nechani cal polishing pad
of claim1l, wherein the TDI -term nated pol yester is an ethyl ene adi pate
pol yest erwbavimge®inol ecul ar wei ght rangi ng from about 2P00MSt@oA®281 and i s
based on a reaction of an ethyl ene adi pate polydiol wth a 1, 3-diisocyanato
27 et hyl benzene. 19. The met hod 9f maki ng a pol yur et hane chem ca
mechani cal polishing pad of claim 14, m%erein t he average wei ght percent of
unreacted issocyanate group (NCO present in the prepolyner m xture ranges
from about 6.5%to about 8.5% 20. The nethod of making a
poIyurethanengﬁ%%ggan%echanicaI pol i shing pad of claim 11, wherein the
surfactant is selected fromthe group of silicone and

pol ysi | oxane- pol yal kyl eneoxi de surfactants, in an anount fromO0.3 to 5.0
wt % of prepol yner d%and Tdgmicileadaefimaking a polyprcthanh eheratchlbedrnigaki ng a

pol yuret hane %H@%Ogsa!&%?fg@a*}%”hﬁgv'hePe% {h%h'vlé‘%ggﬁv%@ p%:rlggta‘_['r%%l{]ﬁbea%(grm n the

effective amdun

f e rve s inara ne prepol yners
utilized. issocyaddte gTds\g; Rt Opskcdnt Ttk PEpo YRR Wik @D AREe e Iabaht _
mechani cal polishing pad of claim 11, erein the curative is an aromatic

di am ne. 23. R gsiut 8/Png pad produced by the method of claim 11.

20.  The method of making a polyurethane chemical mechanical
polishing pad of claim 11, wherein the surfactant is selected from the group of
silicone and polysiloxane-polyalkyleneoxide surfactants, in an amount from 0.3 to

5.0 wt% of prepolymers and surfactant.

21.  The method of making a polyurethane chemical mechanical
polishing pad of claim 11, wherein the effective amount of curative is in a ratio of

0.9 to 1.0 to the prepolymers utilized.

22.  The method of making a polyurethane chemical mechanical

polishing pad of claim 11, wherein the curative is an aromatic diamine.

23. A CMP polishing pad produced by the method of claim 11.



