SYSTEM AND METHOD FOR PRODUCI NG DAMPI NG POLYURETHANE CWMP PADS
Background of the Invention Chem cal nechanical planarization, also
known as cWEPWAR93R2chani cal 5polishing or OMP, is a t THIHHS066EY
to planarize the top surface of an in-process sem conductor wafer or
ot her substrates in preparation of subsequent steps or for
selectively removing material according to its position. The

techni que enploys a slurry that can have corrosive and abrasive
properties in conjuncti orSWﬂItHM&NI@MB]PH(NgHO)iUPRQDU@THGaI ly, CMP is a
dynam ¢ process invol ving _cycl Igﬁ th the i shing pad and
t he workpi ece. During the @@% f‘i)r%mttedtothe
pad. A portion of this energy is dissipated |nS| de the pad as heat,
and the remaining portion is stMcg%Ongm%mgltmd subsequent |y

rel eased as elastic energy during the polishing cycle. The latter is
believed to contri ﬁhd:rewalondzdhmlpdwhmmmnn ktsofkndiva s digendtal mecRdnical
features and oxide er t to descri be.danpi

ef fects quant PP fl\gézlrm& ﬁ?&hmguep'éﬁegml n%ﬁ%m?cﬁo &@?oiﬁs‘g pﬁ?f%fsor
(KEL) . KEL i s séifkbmpeiodfvatch6r SR dYstRESs 1M?ﬂef3arﬂl€ﬂﬂ5}%m$s‘é ent S or
deformation cycle. Generally, the higher the value of KEL for a pad,
the | ower thesd¢diyelyacneyag Adteanhceordingdos pesiitone Hde techaiqde gmplmgs a
20To |ncrease

t hi s approach Elgﬁé@%an lgz{vggmrn]ie%k?e a%q 1%@12? PI?‘OP %‘g‘gg‘% Liu ﬁEnon"\PY}?a\l’_
reduced stiff pelsshinggedl ts in decr eased pl anari zation ef f| ci ency and

i ncreases, di shing tion of the pad arqund the ice
coner. ]o(?her appg‘ ﬂg’f’ @W E&tp'l‘fd’“f‘ﬁ? PTG §Y U I’Eﬁtmpl?eg%%&hq s
to al ter its ﬁ&lqaﬁﬁgqjaaahd @@quédeqnum%tﬁyﬁ&hsﬁl g&yclk %Ergﬁlanslﬁmed to

i ncreased wt out reduci ng stifthess is can achi eve

altering the Bsmaéstppdianef thistmerzyigdisappiedingidg e pphaskss), aaqhélet he
ft t t
ST\ SSOTent ol QiniRRRRERY i forb: RO Al LGl S DR o

To address addmir@he poliskingetyclenThe ktops helirtved to cvatrai to (heyphessmdnex

d d d [ t utilized t
ol anar | 26! Senb ORI D PR A PR RGREPTE or ot her Lypes of

substrates. A needOg®gtidmpd Sddserite RXipily diRtts YRRANS]yHARLisdara0Vi de
good renoval rates, good within wafer W and within die (WD)

uni forniti es, PAaWCET aamredEngraLoss Bacss (GRL). ddduiseafinadas thermmergy PEOWéLr

condi tioni ng @ng‘?a% i
found t hat uv{ﬁ&g‘gﬁ Fﬁmﬁall ow re gﬁgg@g gady hg(l)l}gger b %llh%‘lgfﬁlaﬁl gh
amount s of enepgl tlmmwmghcymtlweMdmmmmer¢Msagedl élsh:mgl Shl ng

during 10pol i shing.and tter D ynifo tiffness is
an |nport£q(3|t consi ‘E‘% h?gﬁg\]@% ﬁ‘FPvg?ﬂnﬁ%‘? é‘%l 54%’@" SIS | fe.
The i nventi onagpRbazh @hds & dloddiitk g EMBcRE tHIBhET Tid l‘édﬁ&a%tlfﬂl@éé§results
special properties, in particular a highly danping performance. These
properties ar# @Bﬁ&?eﬁ@éﬂnﬁ?zaélpﬂ afficifgey el ingrepnss dishion dumiy qonbemsiipniady
produci ng t hey ?%Qd afgURd B8 Setibe gtarting materials and specific
conbi nati ons materials, together with processes such as gas

frothi ng have beenAJflcﬂhmdtppmaelfﬁcentcrdah&g tieiqElovaigyofdhe pddes prodltents i C

mat eri al , lting in a.final rodu t has uni erties and
'S parti A ar PYysisaeombaguat i sonb ey el is tifeastd Moy Piclitig pocy
the inventi onsﬂfﬁle@b "I%ﬁst(ﬁﬂbéébh@ev%&’ﬁ% g@rag%e%hb@ﬁtléwft%@ eﬂlg (6

m crocel l ul ar pol yurethane nmateri a systeminclu

ur et hane pr epphageie pndifig seft sagmentsver PWNUGBWCH@Q/OQ thgaptio of the hard to
pol ymeri zati o ne prepolymer and the curative
forma solid %ﬁ%gﬂbﬁt%gdﬁ;%&&g Eqs orae rebound that is | ess than 38%
The met hod includes frothing a urethane prepolyner to forma froth
and 25curing the froth in the presence of a curative, thereby



Testing and conparing material properties is sinplified by using
solid 25 products, formed by conbining a urethane prepolyner with a
curative uN@@PYW8¥%¥erization conditions, rather than rﬁ%ﬂ&?@lsﬂ’é@sé?
sanpl es which require additional process steps, e.g., frothing,

and/ or ingredients, e.g., surfactants. Advant ageously, the
material can be prepared using precursors that are comercially
available thus sinplifying and facilitating the overall fabrication
30process. Aspects of gas fr ot hiSugqneangofths Inveatioan be carried out

usi ng standard teghniques .and/ or eﬁg iIEment. | n sone s ﬁtems,
frothing time can bH82(IEFSIETEe It ﬁ’f’ 1€ SEPPYTeRisHgCe hgemplex
characteri sti gemaifl aftUsding placeBDRh TAME froPBsmiiaRd b(ﬁfﬁ)rﬁénthﬂﬁzeﬁrtébﬁh&%_
Enbodi ments 5The above and other features of the invention including
vari ous det ai sgnigendustestoptieali mrengheiocahdsitynes pbsibsteatespak need cantinugs teer
advant agesg W/ : . 4] descri ce to
t he accorrp‘gnyie%\lét fgfavm éigp %ﬁ%ﬁg{gﬁ‘%\%ﬂéﬂ %Ilk}gva?gﬁ%h%&?l%gﬁ%ga{ef Eﬁwg%de
under st ood t hatithithdie p&ID) wifoanitietitv dishing addor aesiembvetiyedgratéidng,

i nvention are,shown P way of. illustration and f] t as a limtation of
10t he i nvent i GHYeT $rgt Wl%eﬂ?lé?leﬁ‘h"c?“fixgﬁil‘ﬁﬂg@ P i s i nvention may be

enpl oyed i n vari oug hagibkeh Y6RIH ks CRIDHLS NBIRUSw Wbt end@RABESrb RlatdfveM

t he scope of the invention. . In_one aspect, the invention

rel ates to a Hiemsmegntsef giesey duringezelicglefarmation, saysingless dishingyduvies |
suited in,the : : : r-ein. erm

15" danpi nbé rg@?glfgta&gﬁ? Legdlg%ﬁ%yﬂgﬂ& éfoﬁltt%rslﬁgf@ﬁ)lggﬁgnoé%&ﬁ%c hani cal
ener gy. Pref ecatsideratiamporiyIh sniferasty med plojorighdpdlghor e rebound net hod,

a sinple technique_for testi t he rebou f mat.erial , The Bashore
ebound test 1s knSmHERacet PnbRaadael ordurttil i hetaaeca | n
the American E@ied, it PartidRStd Mghipatmak peirghRnéATH e pbaRdar £

D- 2632. Qher&n@.t hods ?f),r measu%l%g r%%%gnd al so 209aenp$bgé}ﬁsed? as
known in the abtpined by altermpéhefgmyretianandniasessdpr nedugingghypade thairss in
% o P TG BN LB TopeOE PR IMERLD 20
pr epol yme][ a{lshc;h asg?sailﬁ“crthieg hﬁtebeslysﬁmgamtm:aﬁﬁed the Inuotph dbcpgyarfd thaﬁ?ﬂérmﬁts,
e.g., surfactants,, fillers, cata S rocessi ng aj.ds, .additiyes,
S5t i oxi dant SatgehEeplize e fira) robgnbeTan e meperes nd S pargiRane
prepol yners ap®aptapehusirsChMPyxgsgl by reacting polyols, e.g., polyether
and/ or pol yester pgﬁ% S, anp(;ﬁa_di functional or polyfunctional

i socyanates. As uskPngaprerch thetipention indifgeled i) @ systse and excthyiddbs |

pol yol s, |y ol gl $ mi ] es thereof 30Pol yet her
pol yol s c:gg b oﬁgédeétWF%ﬁ%ﬂhéFE(gl?%%@g%%g%H%bl ynmerization and tend to
be hi gh nol ecul ar Wed sybtempodlydes e sretlehé prepolgmar aniddeurating eWnén aontdoesi t y

and other properties. .Conmon anpl es of ether-based pol yol s_.i ncl ude
ol yt ot aret RGO EREATGR s B o Tons gl SHEN B9 B SRS ol
(PPG, and sosdidrpréducExa iy £52s0breRNAS HATL isP& wahSg4dcl ude

pol yadi pate di ols, polycaprol actone, 5and others. The pol yadi pate

di ol s can be nade By métbotpahdeistinthios anetlane prepelymes fopiosm adiogh 2ndd

al i phati I OLS; : : :

T bt ariohi of T RA AR PR ARG U By U TS Tk microcefslr
and m xtures pdlgureibiine Rateyd| whirginarsesd ptodoctdammeld by pblymeziethg tikeor

instance, polyols such as those 10descrjbed above can be m xed w.th

| ow ol ecul ar MRLRERRCRI e 8 Theprgsenceshiby e g L Pohpreehiind i

gl ycol, 1, 3- pregpvher®sal ycol , 1, 2-butanedi ol, 1, 3-butanedi ol

2- et hyl - 1, 3- propanedi ol , 1, 4-butanedi ol , neopentyl glycol,

1, 5- pent anedi ol , 3l s Higtavered. thps sysigresdher are gonabingsionheliodyethed ueetiapt ene

gl ycol , djqpr 8@%4}&2&8@ Lyt Qbne AR ‘311%%&&% WWok antﬁl}%?,rsﬁaf as]I%ER/?DPPr%IIDF QW n

i socyanat'es iTrzed in preparing uretnhane 'prepol yners are rrethyl ene
curatives that include aromatic diamines tend to form highly damping polyurethane



5 prepolymers contain |Iow |l evels of free nononer, e.g., TDI nonomer,
and are referred to as "low free" or "LF". SpeC|f| c exanpl es of
pol yet her WPEPHARE2Dr epol yners i nclude, for instance, tB{J&ES2008/066565
desi gnat ed as Adi prene0 LF 750D (a TDI - PTMEG prepol yner, LF, having a
NCO of 8.79 wt 9%, L 325 (TDI/H12NMDI - PTMEG prepol ymer, having a NCO
10 of 9.11 w %, LFG 740D (TDI-PPG prepol ymer, LF, having a NCO of
8.75 w %, LWS570 (H12MDI - pol yet her prepol ynmer, having a NCO of
7.74 w9, Llﬁﬁte]:&@s ((HRds- fpnher disbevergal thaldyting triol | d-g., toald argmatidNGenbik,

12.11 w % and anee 0D (,TDI - PTMEG pr epo LF, having a
NCO of 11.1 wi*ély ﬁl@ﬁseégfe%%ﬁ?re r@%?a%v%aswffi Léﬁ@edpl? RS
that are Comm{e%r%dlhﬁ-\éﬁukﬁlgﬁ@e i nclude 15 AndurO (Anderson

Devel opnent Conpang BaytecO (Bayer Material Science) and so forth.
Exanpl es of pol yes Iteapr@fe@teﬁanﬁelmpgpfmmféhesmwmmdesystremrfor protienings  a

IO b0 ke e AP USRI 8T M b

Connecti cut. @blyethersprefcirhe, & qqﬁlysﬁsim-pa@ﬂdy&&xeo@cﬂmofammg snd Hcl ude
but are not limted to Versathaneo D-6 .or g? from A r_ Products. and
Chenicals.  curaliyhBatinglugesya ajomatic digming: dde systam Aeainghuges Ewholinds
used to cure Gfechaf e%ﬁpie?%hélﬂﬁ%l RPRRRNE BRI KB, ﬁ@?eréb‘l&’ %61\{&e[sea?@t S

Wi th isocyanate grougmb i nking together chains of prepolymer to form
a pol yur et hanertiRBad rghcmamnlwrfoylpa@al |y used in producing

pol yur et hage incl uge 010 4I|ne hylene
abbr evi at 26(; as (%l 'm%ci]%r ?Iggeﬂr?@%f lﬁ@rgrpg}gg‘é&l %ﬁﬂf{ lﬁle ga‘gr]r]1 }(“)q‘r MOCAG,
4, 4" - et hyl engfdduang 3o perdlﬂélu@esdhﬁmhghraﬂlﬂhhﬁl@ibocyﬁhﬁw poiyahed as
MCDEA; di neth i ot ol ugnedl am ne, trinethyl ene %Ocol

di - p- am nobené’@ﬁ? MEBHH Ia%“éftrg&ﬁélﬂ H’sfilpé‘?'?@%?loéé palvsinxans- pefpaliylgagoside
pol yt et r amet hylBREAK il HrMRNRIP-ATRARANRZ AaitEH tRAYRAIVH 8RR Ee
di - p- ani nobenzoate; ~ pol ypropyl eneoxi de nono- p- am nobenzoat e;

1, 2- bi s(2-am d@pmwlﬁtaﬁngl) et hane; 4, 4' - et hyl ene- bi s-ani | i ne;
dlethylto enedi a

3-tert- bujfil 2, 6- {n(r) eulg?]’e %)g%&(ﬁggg%&etnénﬁ %ﬁ@ﬁ% wapgacclf used in the
3-tert-anyl -Znﬁnmfhd:tuenﬁaimdmnm aachmtiuahéedredﬁcﬂbme,r@dbﬂm megadid ot hers.
5In specific aspects of Ehe i nvention, ,h%ﬁ Li gtlve enpl oyed i nc| udes
an aromatic affHRPIeRy a_%l 4Ry A vapagss- o b ighly QH’Plﬁ%P"l@mﬁncmme“al of
bi s- (al kyl t hi ) j@feafiBt ha Hﬂ%ﬁéﬂe Sjlssgﬁﬁ&?ﬁﬁﬂ @h a%megﬂapﬁou%b'ihé ahd e
aromati c di am nes include Ethacure(r) 300 (fromthe Al bermarl

Cor por at i on Ricdlatipg enerry ﬂtghwcdl)shmmt@ﬁacpéo wickdbettenuaifonnitai GV Rgads

3, 5- bi s(
103, 5- bi s( et h{?ﬁfg%% dgr EP eérilqél aog‘ll ﬁgg an(llwéltnﬂz\;gl?r% frofm]flﬁfl Sfnaf’so
from Al ber mar bcﬂlsﬁimgﬂnerfamnanne) lovhdishing ancﬂomrcxilchrr Fhe pals gemdrally have a high

3, 5-di ethyltoluene-2 4-di am ne angd 3, 5-di. hyIt Iuene 2, 6-di am ne.
T add o ¢ SR Dl B gh o RS RO Lo DB S Relp ATen B
i ncl ude one ogncn[gﬁ?ng{mgr ingredients. For instance, to nodify the
ur et hane donai n network 15o0r pol ymer structure, polymer cross-|inking
density is i ncreasEftipgandgompaties myterigl prﬂm@emusﬁamhégbw wsifgsolidanpi ng

f f ne/
Prlols. 1o i ot S bR aBnBhind bR bR, TG B
(TWP), al koxypdimeerizkibpbatdittont rr'athbrsﬂqaxemg:roc&tlhlax;ahqﬂ@dthﬁﬁeq&w:h as

TP30, available.from Perstorp Cor rop lLene ether_triol
havi ng, for i Qgro‘éebhﬂF@eErgaﬁ%thﬁ’Wé‘i} HPEE ?‘elit@cf’ HOVEHES i phat i ¢

amno triols such %a\»(talgé&@w ﬁl(arrﬁaté}%éan &Vﬁéﬂa?éah%mgfp%lf}u%?s%wa?e
triethanol am ne (TEA), hers. M xtures of triols also can be
enpl oyed. Trietmmepielly ab%lﬂblbéhltsptm}}'hleéﬂ andafacdﬁmgrﬂge qeraldabrinatien
Rel ative 3t(P tﬁgﬁzsgt A % ecgﬁ)‘fgpst frtﬁfun&%@d a%[lgéaalnl%e ctarne o%t gsrmgr;[srt)éjr{d];r' ed

triols, oxylat ro y are use nmount



25Shore D scale, utilizing Durometer testing, is a well known
approach for defining hardness of polynmeric materials and generall

i s appli ed¥P3M3%R: cs harder than those neasured on t HETSRGPUENES65
scal e. The Shore D hardness was neasured according to ASTM D 2240.
O her properties that can be studied and conpared using a solid
product 30 forned by conbining a urethane prepolyner and a curative
under polynerization conditions include processability, i.e., the
ability to fonerhhiqotsrendfodequipthery, In whersyseds,ftotliing iitny caf bd deergpsedduct

vis-a-vis slurrjes e oyed in rocessing, ..viscosity of the
system rel eaddhgyt sp¢ glﬁlﬁaﬂw,%yp?g@fm“?b?‘}‘{]&?}%g processi ng, pot
life, color, and so forth. For CMP applications the danping nateri al
preferably is mcrocellular, 5containing mcroscopic sized voids

whi ch typically are for fasthilpd Descsipbenelihe Byefpsred Engrodimentsr por at i ng
such voi dsgi nto t hey,SLENGLUY &ndredifiSs ISR Bhiol MELARG Wfous details of
pl anari zation, the vords of mcropores rétain snlurry ¥ O po FShi hg
t he surface otoishectivardop icebinatimg ef partsappl abehdgantaps, ball nsw e hwre

inmpart microstructure to.the 10pol yurethane material. Porosity can be
formed, for i HEHEHER de5grbedl W I Er ChBF preorae Gug feasienand Bapied

pol ymeric nm cohesRes @fims! itldifBe Whddrstbddhihgk thepstiQNlar thakidind dafide SO
forth. Voids also can be fornmed by frothin _ﬁgs into a viscous
system i nj ectmhedyiasth prventidiargioyn b e eé ilvsirationjand nefds e Limitatiersofi n

situ through l.cal ~r e I I, i . ] -
decr easi ng@pr gls? gﬂf‘%@% E%u@glu :I-)E!sgsa g{i géél %S;dsﬁ@%h&g&?o %ﬁ%‘ifﬁbﬁﬁ@ﬁ%@%@gn by
ot her et hods various and him&pecdriliodinesoasmpitiesit ddpatthg fromv thetscape,of dic | east
a portion of the void volune is fornmed by frothing with a gas such as
ni trogen, dry ™fM%%arbon dioxide, rare gases, e.g., helium argon,
xenon, as well as pfdiRlhasHas @R iBvendas rdlid td A RmpABTRH AR maaQiaN Bt is
cause chem cal reactions such as oxidation reactions in the foamare
20pr ef err ed anpe#tigylarly welbpyited in Gemanpiaptugsol (R padsa iy uped heseing' the garm

gases. Particu AV k } . E i i

descri bed?é f oréal%qrﬁsl%gaﬁégsetﬁ n}%%bg.ﬁy E’g% @%@ﬁ%&) alés,ogiﬂl? %&%hln(%g} ed to

Bri an Lonbar d8referalife dampiny isdnca2 003 by tHeeBdshare hdbogsd mitthedliacimplee
oo o0 hEbEhdh B LSRRGl SR Sl B 3o

di stribution. iy fe N enEXITrBed, ¥orandtarck 06 ehd AtnadicaR WoyiefyabhaaenyBier i al
has pores greater than about 3 Frot hi ng the prepol yner

) 0 p.m )
can be conducMagriak (ﬁﬁ@l\’ﬁrsé%‘@h@égﬁﬁ%r@théﬁm%@@ foumgasetingebaynd adsog . |
non-ioni c,Or [.on r 5 I ncl udi ng a surfactant can be
30parti cu%grl 5%5?1”5?#3%& I'n st;ﬁ}gs%r%ms havi ng | ow vi scosity. A
stabl e froth (foanThémipnefenitadalive polpatihmeg, ht.ca pdimecdoatagning
pol yuret hane materials and is beli eveﬂVtO. result,.at least in part,
From the adsolBEiBs b BAPLS (1PGROBFEyAT AROBrE FRR SEAPLUAT ERATSS
of surfact ant adbast B dethade REIYFRIr ahdh @b B6E BRRGy§t@ACHA PRBIuAE ofhks
functional group with the polyner. 5It is desi ragl e to select a
surfact ant whingredieptse pSu sWECHNtshilllers salelysiscpragassing pids. padiBvesy mer |
easily produces. el rahl. | i ool e processi ng and
equi pmnt?gFr %?ﬁ%{a?ﬁlg’tﬂ%?gegsf @@f‘éﬂnﬁﬁeﬁﬁ?ﬁﬂéi ntheir integrity when
subj ect ed to varyiUgtipne pepslymgrsaongiotuanformed by reagtingaolyotseerper at ur e

or pressure variation typically enployed durjn rocessing al so are
oreferrod. 1t boliehesaador b pafols B Fhetont ordePEton Sopr s
affect not onlgg JséPhdiiRGhd RER NSO RklubiELdiBs SToRfRd, F&lyolmiéls,%ﬁ&yﬂgfse
size, an inportant paraneter for polynmeric materials used to
manuf act ur e CNM fpixgyes thereof. Exanpl es of suitable surfactants include
silicone rfacta i -al.ni at
east one bl ook corg ik AaBbls s be e ANEn AGRAC YAREBoRLALh Iy
tend to be high molecular weight polymers, offering a wide range of viscosity and




Pol yet hyl eneoxi de si dechai n macronononers are preferred. Al so,
preferred are pol ypropyl eneoxi de si dechai ns, and si dechai ns

conpr i si ngWPArP&RINT eneoxi de and pol ypropyl ene oxi de atPCI/4F3PB06E63 o
of fromabout 1:2 to about 2:1. 5Particularly usefill are copolyners
havi ng a nol ecul ar wei ght rangi ng from about 2,000 to about 100, 000
g/ g-nmole, preferably from about 10,000 to about 80,000 g/g-nole, nore
preferably from about 15,000 to about 75,000, even nore preferably

from about 20oﬂ@@plﬁ)pelﬁb@@orﬁﬁoﬂé}&mp@d@@fHﬂh&ﬂbdﬁé@ﬁ(ﬂ?@lbifbﬂlﬁd&Om about
25,000 to about_ 40,000. 10The p O¥5| | oxane- yal kyl eneoxi d

copol ymers of PphEtgRsdylcpe Fﬁh%&%ﬁ PIRARGH R0 P&’PQ’I.?P? slber gleged (@rﬁ)o‘lmd
| ess than aboyf ¢4 MV m preferably | ess than about 30 MV m and nore
preferably | ess than about 25 m\NVm The surface tension is neasured
by the W1 hel ny pl &xenplesef pmbtektcnb@mi&)inldlmdgp@lpad@ﬁmim31®1y@9rodf@tang, a

0.1% by we ut| 2 5The copol S C v Ros

Vi o6 T oant horEhongs 7he B e B o O RRI Pbs e oS eV anl ¢
| ess than abouﬂ1pfb(3chdif’ﬁndliﬁplﬁt1bﬁﬁﬂﬁu@bhs}’ethﬁ&ﬁé dlicon, pawléne%@cﬁm and
nost preferably | ess than about 10 mm The Ross Mles foam height

test is perfordddiancdioharersnrdelisiv @11237%’-‘3‘3‘31 disthydene @lspl W@ll‘@lﬁ‘t‘ure‘

sol utions andylailng 5 m nute readings. Additionally, the copolyners
can have a 20hydrophil e-1ipophile bal ance (HLB) greater than or equal
to about 4, preferBdlyyl rgbcaacsaiso'cdaahe oﬁliﬁquabr inetawdeoprily@s swhds those
preferably.greate an or

Cormer oi a1y SesfibedtVe iR 4% Rariblefoigeorign ol o gByiene
avai | abl e fromycH, BRlprepies gmdf;n tiepydasi yval, i1 PIbinetliodX(I-butadediol,

i nstance L-7500, 25L-5614, L-1580; from Air Products and Chem cal s,
e.g., under tREIRE; g?haaop@wdml Igichutene dighmespiy] ghobbogreskeneditld f r om
Dow Cor ni ng RQk-All

desi gnati on g% 30@ﬁ ! Be ntme&gﬁg%&%ﬁﬁl&?ﬁet hy%lfpropélmtbl@%} o%al%)e,

et hoxyl at ed) bmdsmmturmatthhlgebﬁl I oxy) si | ane) The surfact ant
pr ef erabI%/ is sel efﬁ ased par tell such gI % I

30i nt ensi ?/ st abi Vot rcor(%qofl ISs?l anagf){“ %?éd“BﬁP?fH‘&LF? i ﬁf('fo ST

many ur et haneaﬂ&ﬁﬁ?@l@&fé&ﬁ]ﬂ]ehhl&il1sbdjf@ﬁdﬂd@Jalmﬁdlﬁeﬂemmﬂlﬁtﬁngﬁ both
sui t abl e surfact ant Ni ax(r). L-1800 (a ydi et hyl si | oxane
Qe wype

pol yoxyal kyl eRe™BH6cRt wem%wocyemﬁ%@% &\7%1}69&1511% ispeanete (PPDI),
Silicones. Prgf@Lf 8omiuntastAdthaicliQeyddafishi ng al i phatic isocyanate
pol yet her prepolymers, e.g., H12MI -polyether or HDI -polyether,
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Triol levels can be optimized for damping performance. Relative to the
entire weight of the curative, triols or modified triols, e.g., alkoxylated triols,
25  typically are used in an amount within the range of from 0.2 to 15 weight %. Other
ratios can be employed.
In specific examples, the preferred curative for use with aliphatic (HDI or
H12MDI) polyether urethane prepolymers is a mixture of Ethacure® 300 in
combination with 5-10% wt triol, and in particular the combination of Ethacure 300

30 with 5% TMP.
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In other embodiments, triol can be added individually or with ingredients
other than the curative.

The Bashore rebound preferably is measured using a solid product obtained

10 by combining a urethane prepolymer and a curative under polymerization
conditions, e.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

15  Dbelow.

Preferred prepolymer-curative combinations polymerize to form a solid
product that has 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 H12MDI or HDI polyether

20  prepolymers and a curative that is a mixture of Ethacure® 300 and 5 weight %
TMP.

The solid product can be used to screen candidate systems with respect to
other properties such as hardness. In preferred examples, the solid product has a
hardness in the range of from about 30D to about 85D, e.g., from 55D to 80D. The

25  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.

Other properties that can be studied and compared using a solid product

30 formed by combining a urethane prepolymer and a curative under polymerization

conditions include processability, i.e., the ability to form froth and mixing,
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pol i shing pad. 2009/ 029322PCT/ US2008/ 066565 Sanpl e A2
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penchmar s ol Suen AR WR L OB R R S ACLOTIERL )
42 A3 ET5 95pat8cldysudll as hollow polymeric microspheres, filled with fluid (gas or liquid),
and so forth. Voids also can be formed 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
15  to form bubbles or by other methods.

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, e.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

20  preferred and are referred to herein as “non-reactive” or “inert” gases. Particularly
preferred is nitrogen.

Frothing is described, for instance, in U.S. Patent No. 6,514,301B, issued to
Brian Lombardo on
February 4, 2003, the teachings of which are incorporated herein by reference in

25  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 pum.

Frothing the prepolymer can be conducted in the presence of one or more
surfactant(s), e.g., non-ionic or ionic surfactant(s). Including a surfactant can be

30 particularly beneficial in systemns having low viscosity.
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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.

It is desirable to select a surfactant which, when used with a specific
urethane prepolymer, easily produces froth, preferably using simple processing and
equipment. Froths that are stable and maintain their integrity when subjected to
varying processing conditions, e.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.

Examples of suitable surfactants include silicone surfactants such as, for
instance, copolymers containing at least one block comprising
polydimethylsiloxane and at least one other block comprising polyether, polyester,
polyamide, or polycarbonate segments.

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

Polysiloxane-polyalkyleneoxide surfactants can be copolymers that
comprise a polysiloxane backbone comprised of siloxane units, and
polyalkyleneoxide sidechains. The polysiloxane backbone can be either straight
chain, branched chain or cyclic in structure. The polyalkylencoxide sidechain of
copolymers may include polyethylencoxide, polypropyleneoxide,
polybutyleneoxide macromonomers and so forth, or mixtures thereof. Optionaily,
the side chains may also include polyethylene, polypropylene, polybutylene
monomers. The polyalkyleneoxide 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.

10
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Polyethyleneoxide 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.

5 Particularly useful are copolymers having a molecular weight ranging from
about 2,000 to about 100,000 g/g-mole, preferably from about 10,000 to about
80,000 g/g-mole, more preferably from about 15,000 to about 75,000, even more
preferably from about 20,000 to about 50,000, and most preferably from about
25,000 to about 40,000.

10 The polysiloxane-polyaikylenecoxide copolymers of the present invention
can have a surface tension of less than about 40 mN/m, preferably less than about
30 mN/m, and more preferably less than about 25 mN/m. The surface tension is
measured by the Wilhelmy plate test method according to ASTM D1331-89 using
a 0.1% by weight solution at 25° C.

15 The copolymers can have a Ross Miles foam height of less than about 60
millimeters (mm), preferably less than about 40 mm, more preferably less than
about 20 mm, and most preferably less than about 10 mm. The Ross Miles foam
height test is performed according to ASTM C1173-53 using 1% by weight
solutions and taking 5 minute readings. Additionally, the copolymers can have a

20  hydrophile-lipophile balance (HLB) greater than or equal to about 4, preferably
greater than or equal to about 6, and more preferably greater than or equal to about
8.

Examples of commercially available surfactants that can be used are some
available from GE Silicones under the designation of Niax®, for instance L-7500,

25 L-5614, L-1580; from Air Products and Chemicals, e.g., under the designation of
DC-193, DC-5604 and DC-5164; and from Dow Corning Corporation, Midland,
Michigan, €.g., under the designation DC-309, 5098EU and Q2-5211 (a
methyl(propylhydroxide, ethoxylated) bis(trimethylsiloxy)silane).

The surfactant preferably is selected based on parameters such as foaming

30 intensity, stability or cell size obtained during frothing. For many urethane

prepolymers that include aromatic isocyanates, a suitable surfactant is Niax®

11
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L-1800 (a polydimethylsiloxane polyoxyalkylene block copolymer surfactant)
available from GE Silicones. Preferred surfactants for frothing aliphatic isocyanate
polyether prepolymers, e.g., H12MDI-polyether or HDI-polyether, include DC-193
and Q2-5211.

Amounts of surfactant can be determined experimentally, for instance by
evaluating frothing characteristics and/or properties of the end product. Typicaily,
surfactant levels are within the range of from about 0.3 to about 5% by weight with
respect to the total weight of prepolymer 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.

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.

Catalysts, for instance, are compounds that are added, typically in small
amounts, to 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.

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.

In another aspect, the invention relates to preparing a damping
microcellular polyurethane material. In a preferred process, a urethane prepolymer
preferably is 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, curative or surfactant.
One or more such ingredients also can be added during frothing or to the resulting

foam.

12
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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.

In many instances, typical frothing temperatures can be within the range of
from about 50 to about 230°F, e.g., 130 to about 185° F; frothing time can be within
the range of from about 12 to about 240 minutes; gas, e.g., nitrogen, flow can be
within the range of from about 1 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).

The pot can be maintained at ambient conditions or under pressure, e.g., up
to about 10 atmospheres.

The froth cast and cured in the presence of the curative to produce the
polyurethane material.

Casting can be 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.

Curing or hardening the froth to produce a microcellular polyurethane
material can be carried out in an oven, e.g., 2 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, e.g., nitrogen,
or another suitable gas or gas mixture,

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 microceltiular
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,

€.g., 235° F, for several hours, ¢.g., 8-16.

13
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Following post-curing, the microcellular product also can be conditioned at
room temperature for a period of several hours to a day or longer.

The microcellular material described herein preferably has a Bashore
rebound within the range of from about 25% to about 50%.

The 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 0.80 to about 0.95.

In some embodiments, the hardness of the microcellular polymeric material
is in the range of from about 30 to about 80D.

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 pm. 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 um
and larger, e.g., up to about 120 pum and higher.

Pore area % can range from about 5% to about 60%.

Without wishing to be held to a particular mechanism or interpretation, 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.

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.

EXEMPLIFICATION

General Prepolvmer Casting Procedure

150-200 grams of each prepolymer were weighed into a pre-weighed pint
tin can (~500 ml). The tin can was placed on a hot plate and the contents were
heated to 70° C, as monitored by a thermometer, while stirring. The tin can was
then placed in a vacuum chamber to remove any dissolved gases for about 3-5

minutes. The temperature of the prepolymer was measured again with the

14
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Seven (7) buttons having a diameter 1 and a height of 0.5 were prepared.
15  Elastomeric shects prepared were about 1/16” or 1/4 inch thick.

Curing was conducted in a box oven at 235° F. The pot life of the mixture
was monitored until the mixture in the tin could not be poured. After 10 minutes,
the button mold was taken out from the oven and the top portions of the button
samples were cut with a utility knife to test the easiness of the cutting and the

20  Drittleness or strength of the material at this green curing stage. Both button and
slab molds were demolded at about 20-30 minutes to check the demoldability.

The buttons and sheets were then post-cured for about 16 hours at 235° F,
They were conditioned at room temperature for at least 1 day before hardness and
rebound tests and for at least 7 days before any other physical testing.

23

Prepolviner Frothing with Surfactant Choice

500 g of the chosen prepolymer (melted overnight, if needed, in an oven at
150° F) was poured into a dry quart-sized tin can {(de-rimmed). A surfactant was
selected and 7.5 g of a chosen surfactant was added into the can. The can was

30  placed ona hot plate for heating and then equipped with a holding chain attached to

a stable stand, with a copper tubing inserted into the bottom of the can for nitrogen

15
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within 30 minutes and kept in an oven at a temperature of 150° F.

15 Frothed Prepolymer Cast with Curative Choice

About 150 g of the frothed prepolymer at 150° F was poured into a dry pint
tin can (de-rimmed). Stopwatch timing was started and the calculated amount of
the curative choice, ¢.g. ET5 (95% E300 + 5% TMP), in a 500 ml brown glass
bottle kept in 150° F oven for use was added into the pint can with a disposable

20  plastic pipette in about 40 seconds.

Mixing the mixture in the can with a 1.5 inch-wide metal spatula was
immediately started and was continued for one minute, avoiding any air bubble
cntrapment. The reaction mixture was pourcd into two molds: 1 inch button mold
and 1/16 inch slab mold, both pre-wiped with Stoner M800 mold release agent and

25 pre—heéted at 235° F in an oven before casting,

Both filled molds were placed in a box oven at 235° F. The timing was
closely monitored and the mixture viscosity in the can was frequently checked with
the spatula until it was no longer possible to pour the mixture for the pot life
measurement which was typically 6-7 minutes. After 10 minutes, the flat portions

30  ofthe button samples were cut off with a utility knife to check cutting

processability. Both button and slab samples were demolded in about 30 minutes
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Level (PHR) and Surfactant Type Tenp (T) Mxing (RPM Frothing Tine
(M n) Approximate Volune Increase (% A2-a 0.5L 150 1300 90 - 180 _
A2-b 0.5 LWPZ8Y¥BH2I500 60 25 A2-c 0.5L 150 1500 90 25 EATIU$2908#¢656%(

1500 60 30

from the mixing point. The demolded samples were placed in 235° F oven fora 16
hour post curing period. The button samples were used to measure hardness (Shore
D), rebound (Bashore), density and porosity. For hardness and rebound

measurements, the button samples were conditioned at ambient temperature for 1+

5  day.

Materials
The urethane prepolymers employed in the experiments described below

were obtained commercially and included: Adiprene® LI 750D (a TDI-PTMEG
10 prepolymer, LF, having a NCO of 8.79 wt %); Airthane® PHP-80D (TDI-PTMEG

prepolymer, LF, having a NCO of 11.1 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 %), LW 570 (H12MDI-polyether prepolymer, having a

NCO of 7.74 wt %); and LFH 120 (HDI-polyether prepolymer, LF, having a NCO
15  of 12.11 wt %). The prepolymers are listed in Table A and are identified by their

commercial name, chemical composition, supplier, and % NCO.

20

Table A
Prep ;)[l)ymer Coizn;?al Isocyanate cholggile Supplier | % NCO
A LF750D TDI, LF polyether | Chemtura | 8.79
B PHP-80D TDI, LF polyether Air 11.1
Products
C L325 TDI/H12MDI | polyether | Chemtura | 9.11
D LFG740D TDIL, LF PPG Chemtura | 8.75
E LW570 H12MDI polyether | Chemtura | 7.74
F LFHI120 HDIJ, LF polyether | Chemtura | 12.11
G 8570 TDI polyester | Chemtura | 6.97

Example 1

Several curatives were evaluated for each of the polyurethane prepolymers

identified as A through G in Table A. The curative tested included a commercially

17



A3-a 0.5 L 150 750-1500 60 25 A3-b 0.5 L 150 1500 90 25 A3-c 1.5L 150

1500 60 SOWOZUUDIUZS% 21' 5L 150 1500 60 30 2 1.5L lP%QI‘IU]-SSZ(())U?BIU&%GSSO

aromatic diamine identified herein as MOCA; Ethacure® 300 (from Albermarle
Corporation) identified herein as E300, Ethacure® 100 (from Albermarle
Corporation), identified herein as E100; butanediol, abbreviated herein as BDO;
and several mixtures of aromatic diamines and triols, abbreviated as EP10, EA10,

5 ETS, ET10, E1TS and EI1T10, and defined as follows:

EP10 = E300 + 10% TP30
EA10=E300+ 10% A931
ET 5 =E300 + 5% TMP
10 ET10=E300 + 10% TMP
E1T5 = E100 + 5% TMP
E1T10=E100 + 10% TMP

where TMP is trimethanolpropane, TP30 is modified TMP and A931 is an aliphatic
15 amino triol. Percentages are weight percentages. Table 1 lists systems that were
studied, each system corresponding to a combination of a specific urethane
prepolymer and a specific curative. Table 1 identifies each system by the letter
corresponding to the urethane prepolymer (from Table A), followed by a numeral
related to the specific curative employed. For instance, system E5 included the
20  aliphatic isocyanate polyether prepolymer LW570 and the curative ET3; system I3
included the aliphatic isocyanate polyether prepolymer LFH120 and the curative
ET5; and G2 included the aromatic isocyanate polyester prepolymer 8570 and the
curative E300.
The solid product obtained by combining, under polymerization conditions,
25  the specific prepolymer with the specific curative in each system was evaluated
with respect to hardness and Bashore rebound. In some cases, other parameters
such as processability and CMP slurry immersion also were studied.
The solid product obtained using system C1, where the prepolymer was
L325 and the curative was MOCA is a comparative material formed using
30  L325-MOCA. Microsphere filiers are added when the material is fabricated into a
polishing pad.

18



C4 1.5L 150 1500 60 30

1500 60 30 E5 1
WO 2009/029322

D2 1.5L 150 1500 60 30

D3 1.5L 150

PCT/US2008/066565

Sample A2 (LF750D and MOCA) had a Bashore rebound of 42% and was

used as a benchmarlk,

Table |
Bashore
System Prepolymer | Curative % Theory Hardness | Rebound

ID %) .

(%)
Al LF750D MOCA 95 74 55
A2 E300 95 74 42
A3 ET5 95 73 37
Ad ETI10 96 74 41
AS EP10 97 73 42
Bl PHP-80D MOCA 95 80 66
B2 E300 99.6 g1 45
B3 ETS 95 81 39
B4 ET10 95 80 37
B5 EAIQ 96 80 37
Ci L325 MOCA 90 72 58
C2 E300 96 73 39
C3 ET5 100 73 44
C4 ETIO0 95 72 39
D1 LFG740D MOCA 75 43
D2 E300 95 73 38
D3 ET5 95 75 38
D4 EP10 95 73 41
El LW570 MOCA 95 73 40
E2 E300 95 70 40
E3 E300 95 70 38
E4 E100 95 70 41
E5 ET5 95 68 32
E6 ET10 95 69 38
F1 LFHI120 BDO 98 65 47
F2 E300 95 70 42
F3 ET5 99 67 34
F4 ET10 95 64 37
Gl 8570 MOCA 95 73 30
G2 E300 100 70 29

i9
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Samples B2, B3 and B4 were found to be brittle at 10 minutes at room
temperature. Sample E2 had high viscosity and sample E3 had a longer than usual
pot life. Except for sample E6, the remaining samples presented in Table 2
exhibited adequate processability.

Several samples were tested for chemical resistance or stability under CMP
slurry, such as acid slurry SS12 from Cabot Microelectronics and Base Slurry Cu
C2-039 from Praxair Surface Technology.

Among them, samples A2, A3, B5, C2, ES, G2 and G3 were found to be
stable.

System B1 had high hardness. System E1 had high viscosity and resulted in
a damping sample. High viscosity also was present in samples E5 and G4. Samples
E3 and G3 were damping. Systems characterized by very low viscosity included
F2 and F3.

The data indicated that aliphatic isocyanate polyether prepolymers tended
to produce a solid material having a Bashore rebound lower than that of solid
materials obtained using aromatic isocyanate polyether prepolymers. Adding triol,
in particular at optimal levels, to the aromatic diamine tended to reduce the Bashore
rebound when compared to neat aromatic diamine.

A preferred system was the very low viscosity system F3 which resulted in
a material having a Bashore rebound of 34%. Also preferred were systems ES and

G2,

Example 2
Surfactant screening was performed using systems E5, F3 and G2. The

surfactants screened were (Niax®) L-7500, L-5614, L-1580 obtained from GE
Silicones; DC-193, DC-5604 and DC-5164 from Air Products and Chemicals; and
DC-309, 5098EU and Q2-5211 from Dow Corning Corporation.

Results regarding foaming properties are shown in Table 2.

20
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Table 2
Surfactant ES (LW570 + F3 (LFH120+ | G2 (8570 +E300)
ET5) ETS)

L-7500 F 0
L-5614 FF F
L-1580 F FF
DC-193 FFF FFF FFF
DC-5604 FF FF
DC-5164 FFF F
DC-309 FFF FF

5098EU FF

Q2-5211 FFFF FFF

where 0 indicates no foaming, F indicates some foaming and FF indicates partial
foaming. FFF and FFFF indicate, respectively, strong foaming and very strong
5  foaming.
As seen in Table 2, in the case of aliphatic isocyanate polyether
prepolymers, DC-193 (D) and Q2-5211 (Q) produced strong or very strong

foaming.

10  Example 3
Systems identified in Table 1 as A2, A3, B3, C2, C4, D2, D3, ES, E4, F2,

F3, G2 and G4 were used for further frothing and curing testing.
First, prepolymers in cach of the A2, A3, B3, C2, C4, D2, D3, E5, E4, F2,
F3, G2 and G4 systems were frothed with nitrogen using the surfactants, surfactant
15  levels and conditions shown in Table 3. Generally nitrogen flow was at 5 standard
cubic feet per hour (SCFH). In Table 3, L stands for Niax® surfactant 1.-1800; D
for DC-193 and Q for Q2-5211 and the right hand column lists the approximate

volume % increase that was observed in each case.
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| D Hardness Shore D Density (g/cnB) Mean Pore Size (jtm Pore Area %
A2-a 65 0. ; 5-20 A2-b 67 099 62 15.2 A2-c 67 0.98 66 14,2 _
A2-d 66 o.\%gzg‘%"fz}%’% A3-a 67 0.99 67 15.5 PCT/US2008/066565

The froths were then cast and cured in the presence of the curative to
produce microcellular polyurethane samples. Properties of the microcellular
polyurethane materials are presented in Table 4.

As seen in the left hand column of Tables 3 and 4, many of the combinations

5  of prepolymer and curative identified in Table 2 are further described by surfactant
type, level and/or frothing conditions. For instance the sample identified as F3-b
was formed by frothing the prepolymer LFHI120 with nitrogen, in the presence of
DC-193 surfactant, at surfactant level of 1.5 PHR, using 1500 RPM mixing for 120

minutes; and curing the resulting froth in the presence of the curative ETS.
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A3-b 67 0.98 A3-c 65 0.89 66 20.8 B5 65 0.79 59 27.3 C2
57 0.77 63w%72m?9/0%32§ 60.75 D2 56 0.80 PCT/US2008/066565
Table 3
Surfactant
Level - Frothing [ Approximate
Saﬁ"‘)ple (PHR) and | Temp (°F) ?ﬁ‘;ﬁ;‘g Time | Volume
Surfactant (Min) Increase (%)
Type

A2-a 05L 150 1300 90 - 180
A2-b 0.5L 150 750-1500 60 25
A2-c 0.5L 150 1500 90 25
A2-d 15L 150 1500 60 30
A3-a 0.5L 150 750-1500 60 25
A3-b 0.5L 150 1500 90 25
Al-c L5L 150 1500 60 30

B5 1.5L 150 1500 60 30

C2 151 150 1500 60 30

C4 151 150 1500 60 30

D2 1.5L 150 1500 60 30

D3 1.5L 150 1500 60 30

E5 151 190-210 1500 90 5
Ed-a 151 190-210 1500 90 5
E4-b 1.5Q 185 1500 50 35
Ed-¢ 15D 185 1500 16 50

F2 1.5L 130 ->100 1500 120 30
F3-a 1.5L 130->100 1500 120 30
F3-b 1.5D 140 1500 45 30

G2 1.5D 185 1500 60 34

G4 151 180 1500 60 <5
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57 28.8 D3 56 0. 80 E4-a 67 1.01 E4-b 57 0.74 E4-c 54 0. 66
106. 2 31. 26 2000105522 7 0- 85 >100 F3-a 56 0.86  F3-b  perusonosossses

Table 4

Froth Hardness Density Mean Pore 0
D Shore D (/o) Size (um) | | Or¢ Area %

A2-a 65 0.90 30-40 15-20

A2-b 67 099 62 15.2

A2-c 67 0.98 66 14.2

A2-d 66 0.90 71 20.3

A3-a 67 0.99 67 15.5

A3-b 67 0.98

A3-c 65 0.89 66 20.8
B5 65 0.79 59 27.3
C2 37 0.77 63 27.7
C4 56 0.75
D2 56 0.80 57 28.8
D3 56 0.80

E4-a 67 1.01

E4-b 57 0.74

E4-c 54 0.66 106.2 31.2
F2 57 0.85 >100

F3-a 56 0.86

F3-b 61 0.96 87.2 18.4
G2 53 0.76 74.7 34.6
G4 72 1.21

While this invention has been particularly shown and described with
references to preferred embodiments thereof, it will be understood by those skilled
5  inthe art that various changes in form and details may be made therein without

departing from the scope of the invention encompassed by the appended claims.
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30D to 80D. 9. The nethod of claim1, vvherel n the CVMP pad has a nean

por &haingiaoq ¢f claife 1 rigigecomrisinaaddng the D amanoury syffitiet tarresaiceBashore rbound.

range of from 10 to 50% 10. The method of claim1, wherein the CW

pad Teomphpdefsiagn Badleminghe 61dB padihdsehsrethaaine38%nad0d t@8tBhor e har dness

| ess t han 80D.

9. The method of claim 1, wherein the CMP pad has a mean pore size in the range of from 2 to 200 pm or a pore area
% in the range of from 10 to 50%.

10. The methed of claim 1, wherein the CMP pad comprises a Bashore rebound less than 38% and a Shore hardness
less than 80D,
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