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eSe\"~h6TW|Q A PCLI SHI NG PAD SUPPORT THAT | MPROVES POLI SHI NG PERFORNMANCE
AND LONGEVI TY TECHNI CAL FIELD OF THE | NVENTI ON The pres ' is
~directed to polishing pads 5 used for.creating a snDothTMMHWBE@MWE@ﬂsurface_
-on such itens as gl ass, sem conductors, dielectric/netal h

magneti c mass storage nedia and integrated circuits. Mre spses®ically, the
invention is directed to a pad conprised of a thernoplastic foam substrate

d h C L j_shi
coating the tner PoPOLaiE piS afPeatl UG dexdvily BeRaBRakGr TP 0o
| NVENTI ON Cheni cal - chanlcéi REGRMONCERg ANBAVEYNEEYEEY extensively 15 as a

pl anari zing technique in the manufacture of VLS| integrated circuits. It
has potential for planarizing a variety of materials in |IC processing but
is used nost widely for planarizing netallizied |layers and interlevel

di el ectrics on sem conductor wafers, and for planarizing 20 substrates for
shal | ow trengfcifietRt | BrELD o STHIR Thvimnawoly ench i sol ation (STI), for
exanpl e, large areas of field oxide nust be polished via to produce a

pl anar starting wafer. Achieving acceptable planarization across the ful

di aneter of a Waf@ﬁe%k@gefqta@hbéﬁe%neaghu@geeeeaesz%e;;oha%haﬁgb%@sl argel y
unsuccessful . However, using conventional CMP, where t waf er i S pollshed
using a néch&ﬁ?éaﬁﬂﬁﬂ?%ﬁﬁ?&?%méeﬁ“§ﬁﬁha SHiTey f9ete it fade ePRhamich

unwant ed i0¥inde Makeri al1dss M enoyash widuct d¥isgh dediee iRl /ARaklt Y.
Simlarly, multilevel neta |i zati on g%ocesses each level in the multil eve

structure coRPMPBELESS 0 MAFEGALarMShoFEapRIS Pieth4r i 3Py inteam

dielectric | ayeegitds MdFe JHQCESTANGGEEHS, ihsenfion NOWifdderd tion many
state

a pad comprised of a thermoplastic foam substrate and
10 having a surface comprised of concave cells with a
polishing agent coating the interior surface of the concave

cells.
BACKGROUND OF THE INVENTION

Chemical-mechanical polishing (CMP) is used extensively

.15 as a planarizing technique in the manufacture of VLSI
integrated circuits. It has potential for planarizing a
variety of materials in IC processing but is used most
widely for planarizing metallizied layers and interlevel
dielectrics on semiconductor wafers, and for planarizing

20 substrates for shallow trench isolation. In shallow
trench isolation (8TI), for example, large areas of field
oxide must be polished via to produce a planar starting
wafer. Achieving acceptable planarization across the full
diameter of a wafer using traditional etching processes has

25 been largely unsuccessful. However, using conventional
CMP, where the wafer is polished wusing a mechanical

polishing wheel and a slurry of chemical etchant, unwanted
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of-the-art I C fabrication processes. H gh levels of planarity in the netal
| ayers is a commbn objective, and this is pronpted by using plug interlevel
connections. A preferred approach to plug formation is to bl anket deposit
10 a thick nmetal |ayer, conprising, for exanmple W Ti, TiN, on the

-interlevel dielectric and into interlevel w ndows, and then renoving the

excess netal using CVP. CMP nmay al so be used for polishing an oxide | ayers,
such as Si 02, Ta205 or W05 or to polish nitnids lqwees stichlasasiBy N4,
TaN, Ti N 15dJ,b_§{E,e it riaiweveremeEed %ttt ik%:ll%gincj es in conventignal
pol i shing pad material.s. .Variqus:{ydes ohetalktialon SBERACSR®Pol yur et hane,
pol ycar bonat e, nyl%’rﬂ‘llpacﬁ Qﬁr eas, felt ortggéyg?ﬁ@fibd@@ toodrrieghdpsnt
pol i shing abi} ity amc e mod talevisst SEEBGEEE pol | shing pads 1i,0 thei [g20
virgin state. In certain i5§%ﬁgff§inWMe]0rdnﬁmtE&| E&XEGF ng may
transform t he§8@PAEFBPTAI s, “ T her eby rendf.géggn hem-psefalin maol isHA%R.
Mor eover, @erkggnpﬁabesbaPSQCgﬁéﬂ'a%sp% yur et hane basegéggds e#dPfs of
deconposed by the chenjcalty magiiessiion ppoeess®ER- sl urrres %y virtue_ of
the 25 inher e &RENTESI nature of _uret hane.id My tedrimortleniogasi e orpnd
produces a surfiag@ringi fiinc dtfieo g bR La e Vo1 Itself in the cas -Ofohde A
pol yur et hane pads whicq¥ﬁﬁ%egeb@em@ﬁm§npaugténﬁﬁFiﬁY p8 iI'shing. I n other
i nst ances, surtf¥ce YodiTication of nﬁterkgiﬁ usgd forCRapseEsAPRES3Y pads
may i nprove tt@;@mﬁﬁe}htam%éﬁ GPrBAEE. “Such nodifi ca{uia%s,Tiho»pg_mr ofimy be
temporary, thus rﬁa%.]ﬂ [iha1f f gguencyorepl sioeve fOToP*PEP LT eat meént of the OWP
pad. Accor 8P nghyt t 1s needed is an iLpproyed fMeglasel2 windowgapihite of
providing a highéyimﬁem%ﬁVQﬁué%ﬁﬁ?é§ﬁﬁcngggNP and géMﬁngwbﬁg%%%ﬁglkﬁngﬁwity,
whi | e not exper i encing. 45y abhey eomd ows@ lpHebPEns. " SU Y THE
I NVENTI ON 5 To®dtress™t he” above- di sgusged) delisi ensilesas tHhedpr Eetn OF
i nventi on proviges, o @ﬁéléﬁﬁﬁﬁiﬁ§n§, a pol1shi z¥aqycqrpr&§kﬂgTaN.
t her nopl astic &ogmosﬁuq_%t @%thshamhngiéeshii}’%’é% %‘b%fg)r Sse(i‘3o'u(':oncave ceJJ_rlls
and a polishing?agent coati ng_an I DL L OF  Surdeesanf t HeféeneRTESTel |s.

. h e . :
Anot her 10 ggrbodi nerfhes® t h&*Fresent 1 nvention is, di rec\,taqutuQ, ayprishodt f or
preparing a pol i shi ﬂgﬂ*l'@%ﬂiﬂningiE@@pWPE%El?%%'steps of provid#gg a
t her nopl asti ¢ foam substrat e, exgosi glk Hankt h pdiycankandte tBYtorm a
surface conpri shagexighd e SEER s*%n cgélti ng.an inieri g sudagelakhtogcave
15 cell's with a_polisbisg ragent orl poleesteifor ha SeRBodi nent, the oresent,
i nvention provi%es a polis iqghggggkpgg§.ugaa apppmh@%@l@%ﬁ5¥¥%é§1a
mechani cal | y dr eléhit¥rrd hexd a pol i shi n%tholsat F{l@cﬁgﬂié‘ap%f shieng qzdd.
The carrier 2pea91ir§iﬁoéiét't@nalilnecagéﬁh%t1% e dol'i shi ng pl.at en, to ipart
a polishing“force against the Pc%éé&rﬁ‘g:l'wsﬁ aateThelpol Fgﬁ}fﬁﬁy p‘éd‘. 3
attached to the yeFtEAPHG™BY aten and includ};f% 4 shidie: hiadymatiémeials,
pol i shi ng body<gygyigggfuﬂthnrn@bPa§%P%'fo nsubst rat e haviggeg §H;f@&§
conprised of concave cells %ﬂge@hggg shigagt pads, are decomp

h as pol | ' -
. aggressive processing glurries by virtue of t
Y

icall
e of urethane. In

turn,

ature
. nd of

g a surface modification 1n &
g which may be

25 inherent chemical

it duce
decomposition pro )
itgelf in the case of the polyurethane pa

ighi instances
imental to uniform polishing. In other '
f materials use

application performance.
thus requiring

detr

for CMP polishing
gurface modification ©O d

Such
30 pads may improve the
nowever may be temp
e-treatment of the CMP pad.

ded is an improved CMP pad
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modifications,
fregquency replacement or T

Accordingly. what 1s nee
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25 agent coati -
ing an interi
. has outlined rior surface of the :
\ preferred and al ternative featufggcg¥etﬁ:|Ls The foregoi ng
resent

t hat those skill
ed
in the art may better understand the detail hnvention >0
e

description of
t he
-invention wll 'nvent|on that follows. Additio

of
of the |nvenFP8ﬁ%1 hos éﬁﬁhdﬁﬁgﬂaghighlytgkﬁnqnmsHF?%e Sﬁ%ﬁgﬁtsg?j:mhbc?g|ng

readi ly use theri ar
gigs ¢ LopEeV Jihsheuldta c e
_3_ a for desi n'les @gn q() d specific eﬁgﬁﬁ?ﬁzﬁf Pt They can
same pur poseLHF T HE t?%n@@ pkybbgmet her structures fo nts as a basis
al so realize that sucﬁ esent invention. Those skilled r carrying out the
scope of the equi val ent constructions do notlgeggsta¥t shoul d
romthe

5 i :
nore conpl %’Fg%ﬁ' HE £NVENTBRNEF DESCR N
npl et ® stang?ng of the |nvent?0n|PT| OF THE DRAW NGS For a

foll owin i
g descriptions taken in conjunction WI{ﬁference I's now made to the

in which: 5 FIGJ
L r Bt TR Lphanias! ane pectrorrAGE e o apar | ng.
I

€ present
apparatus, i n | nvent| EhGJRE 8mb ing a
pol yrer made acco?;‘g anpeRF SAR M Pa abrlu cated u dD<Iil"mxp%“easE}:‘P]‘ploq I"shi ng
scanni ng el ectBh ois%oﬁ eapriﬂfeazmpl@y‘g,a,pl Ofgo “.?Loggbeu £’@é Wﬁlairélsgl & f oam
substrate of télefﬂﬂoesmmn’?ﬁ?@r#py 7 i %aﬁ’aﬁ?tﬁém aoid e tPRY g TS o

er. skij

cell, and (B
ceranic p0f|éH%%ter§%QﬁIh%ge&h6rlBUEfa@¢ b €D Ge! @egxpoSeRnoheRye

nt t he
fl uorescengg ne@b@@:mgwtfonp 2#9& 19%3w¥iﬂﬂd@UEE d1¥¢¢{ggléhvma£tﬁ°d

substrate of t a surface_of
and coating thEeF QEthVQnPbmmsaiﬂgrpé rV|§g ngggggggbggrteaﬁ]the
nc

Or sur
agent CO”DFISIQQeﬁsoqf providi S 2Of ni Aol dtsi avfohmas R %9@% I's
€ |sh|ng
cells with the substrate to form a gurface comprlslng

concave cells and coating an interioxr gurface of concave

15 cells with a pollshing agent.
In yet another embodiment, the present invention

provides a polishing apparatus. The apparatus comprises a

mechanically driven carrier head, a polishing platen and a

polishing pad. The carrier head is p051t10nable against

20 the polishing platen to impart a polishing force against

the polishing platen. The polishing pad is attached to the
pollshlng platen and includes & polishing body . The

pollshlng body comprises & thermoplastic foam substrate

having a surface comprised of concave celle and a polishing

25 agent coating an interior gurface of the concave cells.

The foregoing has outlined preferred and alternative

features of the present invention 8O that those gkilled in

the art may better understand the detailed description of

the invention that follows. Additional features of the

30 invention will be described hereinafter that form the

gsubject of the claims of the invention. Those skilled in

the art ghould appreciate that they can readily use the

disclosed conception and specific embodiments as a basis
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t 20 FIGURE 5 illustrates the Dynam ¢ Mechani cal Anal ysis show ng the
relati onshi p between Storage Mdul us and Tenperature for a thernoplastic
foam substrate of the present inventioen (no treatnment) and the sane

- substrate after coating with various organic polishing agents; 25 FI GURE 6
illustrates £he debaghonghiop hethégmngos$hhbdutm&candeieﬁperaaumgihgr a
thernnplastlc go%gsmgg%gaégrﬁ % oP' €sant %éggygl é&éggﬁ&g co§%5gg (no
treatnment), an & SANE substrate arter coa I ng wi Th’ Vari ous organic
pol i shing ageki3ledOiF|tBeREXT shoubd raltss rehd ivel Bhabrsivlp cgptimedentan
Delta and Te h pl fgﬂg%§u ra t ptesent
i nvention begggée%gégfégé(ﬁ%gtEég?nent i the 2%%% %ﬁgg%rapg a%?%r
coat i ng wbt hipuenbiusnor gani ¢ pol i shing agents, 35 FIGURE 8 illustrates: (A
the renoval rate (RR) of -5 a tungsten fromthe surface of wafers, and
(B) the uniformty of the surface of polished sanple wafers (Post STD),
after chem cal nechanical polishing using a polishing pad of the present
i nvention having a ceram c polishing agent 5 conprising Ti Oz; FIGJRE 9
illustrates: (A the renoval rate (RR) of tungsten fromthe surface of
wafers, and (B) the uniformty of the surface of polished sanple wafers
(Post STD), after chem cal nechanical polishing using a polishing pad of
the 10 present invention having a ceram c polishing agent conprising Si Qz;
FIGURE 10 illustrates the effect of down force, table speed and carrier
speed on the (A) renoval rate (RR) tungsten and (B) uniformty of the
polished surface of a 15 wafer (Post STD) using a polishing pad of the
present invention having a ceram c polishing agent conprising Si02; FlGURE
11 illustrates the relationship between down force, table speed and defects
on the polished surface of a wafer using a polishing pad of the present
i nvention 20 having a polishing agent conprising Si02; and FI GURE 12
illustrates a conparison of the normalized renoval rate of tungsten froma
waf er using A) a polishing pad of the present invention, and (B and C) two
conventional polishing pads. -6



. DETAI LED DESCRI PTI ON The present invention discloses a polishing pad that
provi des superior polishing performance over a |longer working life, as
conpared to conventional pads. The 5 present invention exploits the

. previously unrecogni zed advant ages of using a thernoplastic polyner as the

substrate fo Fr 34 | JFOo FlEC ORawngasf a poli shi ng agent on concave
cells fornedﬁRgE?ﬁ‘Zﬁéé%%ﬂ%rate s surface by skivi ng 8 2198 .been d| scovered
f

that the interiorFsuré&acers0 C@F\Pﬂﬁéec@ﬁéﬁﬁétéﬁﬂ’é ceVERELo
receptacl es f?% {,gﬁgé viggngﬁu[géagr@&cg@é i ﬂglmwitﬁge dggdxgjptn@nagmaﬂcenThough
&

not limting scope” of e present invention Bg t heory dnidh:
hypot hesi zedithabnihectber eridt thie ASSERFEYLBE| CEBYYRY & 1'lan excel | ent

nucl eat i ng poi nt fekgeati R9108eaHees 15y heiour Baagraner gy nefhble oo | - at
the center is lowest. It is believed that the init atlgnng ogoating at this
| ocation facpleparésdt Acpahi #Bing &ﬁi%roigéhﬁf A P t 8PV P 8O face of the

concave cell w thgpthgrROLI S1M ek ORI a tpbeﬁehy_ngaapﬂaarammmg itrheel ysbiltiss hi ng
performance of a pad having such 20 a syrface, a'%‘/ Fhermsﬁlgjcp ed
e

herei n neans aangobiskirg Pgda ERTIGRLFD HATAS f Phe sur‘?ace of the
substrate so iﬁgreﬁgggeag@aggyﬁgc@Itglé/\n;iﬂasaarith&nnrleatmopl, astic foam

substrate. SI?I be achi eved using a conve n
wel | -know® o one EfIGHR& ndr y- 1SRSEE LR St h%c%*‘%/?lngl'hg FQ'mglc':leIZrl5 éf&m

herein, refengj/a-anE Wl snesdef ided btyh@rn‘mlmrsane: vil ctemi nsub‘ﬁetmm%t e

occupi ed by air,” or other gases use |OWI g, ts Bi f9hé&s
substanti al | )F%ﬁ’é&\?énéeﬂw?%‘?’r% e1§| % l%{erl %st rate.  The

c?)lnca;/e feldl d”éq:[a_ﬁ rgé{xd I(lg)/eafﬂleﬁt hoﬁtmg{ thigrftleg%mmfacés Offulr‘ffl*%r

illustrated in the erimental. sec n.to O Lopcaye cells may

have irregul &eldfapdshafd CEF2B84C R f%?%’ﬁ%r i'scl os W, sever al

Bt AT S ol g bt o S oy s Seg s
t

cells. One erﬂ%d?rré‘HF%BFet éfeﬁ\rjgﬁ? cr’ff Sdﬂeecte £0 a pol i shlong pad

conprised of ﬁrésfbi{m&kr@&tlmnf afites Usiviale tS AEDORY PIARTACE eEnpPRTsed of

concave cells and a p IShI'fr‘]r%% ent :?sz%«%]ncgf and Nte1{ 9T wsHh f aceebmti Be

concave cel | sSOFtiRGrYk ment e thernoplastic foam substrate may
conpri se crosgolidtkaty paierad efamms,isdnghSag: pol yet hyl ene, pol ypropyl ene, and

combi nati ons t her eofq}HJSEF % ff\usr{__l;laocqu etfk? rﬁa)q,a%{{igoqde@l@hg_caqhgnalysm

t her nopl a3fic foam s I's conprised of a cl osed-cell z_aLm of q
crossl i nked h@n@@%gnﬁrheor redpalipmsidp ERaRTEER &tﬂ%dw YUoaft

crosslinked hgnopo ner s risi gggxhenﬁ,a(rﬁE)aubggh;gd@ ol aheTM and
Vol ext raTM frBﬁ‘l“S/% %/ L;f\%rql;n%:e %&5 lp"i lastT", from 15 JNS Plastics

Supply, Inc. bﬁbpenne;nmptlgn sém@earm@mh andgobBE s SeBFp SUPREGEFS, CT).
Exanpl es of CI% gg-%@%i& 58% fr&F QRS dilgﬁ/ 1%0@@hiﬁﬁﬁ.ﬁgC@gmtSj ng
pol yet hyl ene &hd et ene"vin acetate E{Lﬂ‘c ud Vg grgérn L%%%
Vol extraTls( from %GB&R Gor lugtratg@nft &x trlon% *p ﬁ'lﬁogers ”~
» and Modulus and Temperature for a thermoplastic foam substrate
of the present invention before coating (no treatment), and
the same substrate after coating with various organic
polishing agents;
30 FIGURE 7 illustrates the relationship between Tan
Delta and Temperature for a thermoplastic foam substrate of
the present invention before coating (no treatment), and
the same substrate after coating with wvarious organic
polishing agents;
35 FIGURE 8 illustrates: (A) the removal rate (RR) of
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+ 20 J-foamiM (from JMS Pl astics JM5 Pl astics Supply, Inc.). In other

+ preferred enbodi nents, the closed-cell foamis conprised of a blend of
crosslinked ethylene vinyl acetate copolyhmer and a | ow density pol yet hyl ene

- copol yner (i.e., preferably between about 0.1 and about 0.3 gnicc). 25 In
yet ot her advangsigeousraniibei senface tdie welfemd , hasda(®t yeepeidpmyli tacet at e:
pol yet hyl ene 1,ght | u : ahou -l N C L.n
preferred e %ﬁ#%@énﬁéﬁ%%e%g gﬁgqgggn%r%%‘ég?% angi ¢1P§%ftr g%b%t’)o%ﬂgkt o]
about 45 wt ~chenedzl aidghabiowl @ofldshbogt ugbngta roidi shomg pegf efabhg 30
about 12 to 4 yW~ b arg t ;L to ; ci t he
desirabl e pr%gg%%rll%n 0 V%%t:‘%%?/e iég??lzg ha%i nggggg%%l I pg?%gﬂggéjf u\résﬁérg

di scussedSbhetomprising iTiO.nore preferred enbodi nents, the blend has a

et hyl ene vinyl ac . pal i ghy el o-hekMgen-ahlouirRy 6,9 4 and
35 about 1.8:8. 2.15#(%6%@% )rirgrﬁg%?g%%\?eg l5emt):o iments, the _g_} lbllgnd has a
et hyl ene vi nyinaseemtiompshpeshyfare afeiwgiersat kodbBwedie abaderoisy9. 4 and
about 1.2:8. 8¢ {fe vl 1Pl eaLARE0HANEID A FEIL Spddie gl maplast| c

ec as 85 wt

f oam substrate nmay aracterized as having 5 at |east about %
Xyl ene i nsol chewieat arecdlanited poddedsngons ieasurnalg skinen®adnoél tbee
mat eri al §qi sppellknowa,tont hose ﬁév?%?'nérYCéghhkc'npbmgsﬁiﬁg Sgggnt
processes mag I nvol ve, for exanple, digestion of the"blend in Xylene for 24

hours at 120cofRrigiedl HC.dryi ng and conparing the 10 wei ght of the

resi dual insol ubl gramigrd @i dchacRECehaest Fon: ned &idval forideCeihalBp
enbodi nents, the thernoplastic foam substrate has cells forned throughout

the substrat&Peed @& afFATBIEY eBPEGdenddbdithent ) t FETE¥PL aFaFsub8Rantially

15 spher oi datunﬁgt&% hehg Prsf erdeds Smiadl Bintche 1A ishea alirFheecekl g are
such that, on skiving the substrate, the open concave cells at the surface
of the stbstvafernhdPesin SR aje8isgze HeR BN Hhobrd1®F nfle? oRTSERBL600

m crons. The;ayeheosn a{azxﬁirﬁ_:{ at B@rﬁﬂﬂé%ﬂ&lﬁ&{:ﬂrﬁg 3Raes cbhpm abeytsd)e 20 to
about 350 microns, pref erab,ﬁ about 100 to about 250 m crons and nore
preferably about HI8UR® Abodtilogbratresohie eslptiprahimyLEEVEEReRIVRed

usi ng standagdrpe ot 08818, sfieve! ppediarettadn Hhed gyl idhedAmRrireas S@ci ety
for Testing and Materials (West Coplshohoc en,_ PA), for example, such as 25
ASTM D3576, BnéGisdr AEdihe? ePRIBFIIBF PEAc LT | LE Present invention

20 having a polishing agent comprising S$i0,; and
FIGURE 12 illustrates a comparison of the normalized
removal rate of tungsten from a wafer using A) a polishing
pad of the present invention, and (B and C) two

conventional polishing pads.



- certain preferred enbodi nents, where the shape of the cell is substantially

- spherical, cell size is approximately equal to the nean cell dianeter. In
enbodi ments conprising EVA copol yner, -for exanple, cell dianeter is a

“function of 30 the EVA content of co-polyner bend, as disclosed by Perez et
al. J. Appl .DFPrAIIED IEKSCRIFIIIONGS, 1998 pp 1237- 1244, incorporated by
reference herein. As disclosed by Perez et al. bulk density and cel

density are inversely related. Thus, in other preferred enbodi nents, the
density of 35 conmaygrdidrix ainvdit iswr daeelobebha pubsbhohe pangeBatg_

bet ween 2.5 and a?out 100 cel | s/nﬁ and rmr%#r ef er abI\y, bet ween about 60
and 100 cel IBY €5 CAUPSHERET t DOMESPHE dEFEFATRERCSF (Ve afipl LOPFPEm

vi sual i nspegdrioingf ldifer, osgs@piconpaageas b tdeevenhivhale' sadalr f acehe5 The
t her nopl agtic f oa substr@te may ftil‘t. er ctcl)rrprise.up L}({) about 25.wt%)of an
i norganic fi¥Ter® téPYEP.lﬁﬁei?ﬁﬁxﬁil%:?i?IBFeXﬁ?u% cBﬁﬁ?Fg%HlB? any
Goup |, Goagvdrhtagedr ansi tusnindvetaal tkeddmoplawnito pbbgeenf asdi nhey skill
inthe art to ing)xaréte dfoslir bloe ittr:.LansI(_iucil%n e mC%| aQr..or 19 !_iubro';Lcaﬂt
properties toNhE T am FuSHRE 0P SHAESEE CPREPRoPJaRi BOHFPF&P9may be
sel ect ed fromgéinte aqgr copcavrscstlagiafmefnlon, thet subsmradea ‘desurCalkcei b
Silicates, | ci um Carhonat e, Magnesium Silkicates,, and, Zinc salts. The
Cher mopt ast | 2XTGHIH s uset PACe PP RerCar R Bt CBrt S A S EBOaF mart 220«
conpri seto ofofbdilte 1 Zomc¥veal cellns ofber esrboali kit s receptiiclleer €ompri ses
silica (abo . out. . 9 I i.de 9 , jc acid
(about 1 wt¢ egg%%%‘%%hgblggﬁﬁﬁ%%ﬂaéﬁﬁ%%e ?%9%3#? ga%%’ﬁjt 33%?@%%,%”
known t o thoset ofigrtdinearbhessickpei nft hbe apresaitheémvEmtsomy bt Fbaakyfill er
materials, such. s]{,a?ﬁ%r ed 4 S. 4 a

6, 425, 803, iinlgo%%or e hl?%\i(r%% e?teﬂrf{(}e%% elg)%{qgg%eugl sto&wit |%‘?ﬁ1eeg%%pe of
the present $emess iash anTascehbenbplusigat ingaprinbsiorataeadlisy Beskrapl y has

25 certaig n@ﬁgaéﬂlc@aceore%%v 88 R fa0il iratBePOLASHE NG 19RREH I Cally, the
thernopl astic foam substraté& nust be capabl e of deform ng during polishing
to an extentigdigliigvas thatathew el golans kfngoagtnd Qﬁoé}gﬁlﬁglpﬁétﬂﬁﬂeri or

surface of thg. CONCAUE: ¢eld ﬁn‘it@ fRcddidAlge 3¢ PALT SIH &g oot RuGEHR Br

enbodi ments, for exanple, the thernoplastic foam substrate has a Tensile
El ongati on bEEfee?PRBR 100 arttl dbo g0 PR! sk i8er t #9617 5r ef ERPEEPY

enbodi ment s, rJensi d & FPRIRL HeNi bR ReIYEe ke 3002 ahh aRQULABAM I n yet
ot her enbodi nents, Tensile Elongation 35 is between about 600% and about
800. Ten3Pl eaEﬂ"é)’FPB%ﬁq‘on -10 mmy be determ ned using standard protocols,

such as ASTM D357fhe | ek RO BE ety hey /ideddihdrefier @Re@s any process to
a cut away a thin layer of the surface of the substrate so
as to expose concave cells within the thermoplastic foam
substrate. Skiving may be achieved using any conventional

25 technique well-know to one of ordinary skill in the art.
The term cell as used herein, refers to any volume
defined by a membrane within the substrate occupied by air,
or other gases wused as blowing agents, defining a
substantially concave cell formed upon s8kiving of the
30 substrate. The concave cell need not have smooth or curved
walls. Rather, as further illustrated in the Experimental
section to follow, the concave cells may have irregular
shapes and sizes. As further disclosed below, several

factors, such as the composition of the substrate and the
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+ The polishing agent may conprise one or nore ceram c conpounds or one or
- mnmore organic polyners, resulting fromb5 the grafting of the secondary
reactants on the substrate's surface, -as disclosed in Gheng and Yokl ey,
“incorporated herein by reference. The ceram c polishing agents may conprise
an i norgani cpretatiuexi deedesol torepawmeenthen foaygendentraitel, Nnghagr geitamt al | i ¢
conpound is gﬁgd as t he ecozndaégné,p r eact z\afnt tcz ﬁroduce a grafted surface
) F(ﬁr ex?_rr}[)l : tﬁ(e) EEM§/ %I at@ﬁt%h%ali?mi Clauded]gte;r aegjsi ti Otr; nmet al
such as titanli um Oman i medit ahem i ' ay te€l eg@n

capabl e of f E'i"iQHi% % (I_igtg:l e gr%?ag et allti C corg)o%n.dd Ouch a (rft %I ester
contain one BPLABFE ExDEENCTEPLITRE, Cand EATHETR Tt e ga“brséﬁjts d&6 t he
pol ynmer sérf heeihg swudHe cSmpbrierdnay arsmvee cefpkoyed aPpdlheshirical
portion of t g 1] a hxture. ln t e

enbodi nent s, g?ﬁ%o‘?ﬁ%ﬁ% pac#r EL ir%%%gg g\t %%rgérlg%%rrgthgl ch?‘é%g%% Srmy IBe an
eslt er » acet apert_einaerbazglilg@gtw agtcmwhwmqﬁpl@fse:rircgcfcambc@mm_ e ftrdagrs .

pol i shing ag e d- f a L_cer S .GO | Q ilicon
Oxi des and TEPERFiee Onraes. 1ahent aBoiPRResinty o BHE° A0 TaH¥ses e
Tet r aet hoxy BPlupeoPylener; amdl TamrinamiAnkoxEHer®of ymer . 125 démrernous
other seqNdBLY rLeACH Ao dMindift 4iSthe! RHBEAGUEELIE £OLAT G N0
agent, however. The secondary plasnma reactant may I nclude ozone, al'’koxy

sil anes, wat epmpahfedi @f alclirsid cedilndpram ofr ¢resstinkalt dymepsdiymeirde. For

exanpl e, i n preteptednerlodi mae. 30 Jhe. secondany HIASIT. I sAGLaRk ™Y be

conposed of titaniuniesters, tantalum al koxi i ncludi ng tantal um
al koxi des whEpapRoiyeens$ kel YA PodYRAbyleBeciboringlnds: Wodgandse

acetate sol uph@nybReYRLE™: £PBRIRHESEK al Koy de-di mq',-vmiigia LRer §ro§pi rits;
manganese acetate; nmanganese 35 acetyl acetonate; alum num al koxi des; al koxy
al unmi nat @8; JM$ Plagtifsh FupPlydesnczi (Nepfiunfa .aNKoxi aesSeniHereiln Cepd™

al koxi de has (f&b?eﬁ@r@ at e Koy Zi EGORBYES;: o FRUNSSd AR AGetR] G and
magnesi um acetylacet onate. O'her _enbodi nents are al so contenplated for the

secondary pl 88nmacFeaRt HHtsd f GORPIGREHS e COBPKORYNS | RMEES AT BFonéndal koxy
silanes and apRPléde irhyAnadergsbe(svaANd il Vol aPAMMALS RIS @™

al cohol's, or titaniumesters and ozone. Alternatively, the polishing agent

may conpri se (AROBr YRR fPrers Wehl &F gt ¢ (EomBoBREsTarePIReF &G he 10
Tyl Eohor ey e P T Ol Il 2 nes o ener bR o o oups.
allyl alcohols; allyl amnes;_ally] alkylam nes, ere the_al kyl groups
contain 1-8 car boh™a®oRer %quﬂrr&%@éf’d%g‘éﬁﬁﬁargrhﬁm mesedirsld tHeeMal kyl
groups contaip ledhgdrdeen; oal eyl bhysld azifnesroadeikddeethydbky| W@mgups
contain 1-8 carbon atons; acryli aii d; met hacrgl"Lc a&gi d; acr%l i.c acid
esters cont aPRiFhRCe- 8ORA HEFF aﬁ‘ﬁfrﬁ ¥t AEBPYFY cPREYRTY LIt S HY™ETs
.carbon atons;(ioe.Yyi pyéfpyablly Neetwesh vabiiht esiersnd fadoxad emASd)Y.l
acetate. _Ln certain preferred epbodi nents, the golishin Héo agent is

'g,f %ncgn as a

g
sel ect ed2Pr ofa ¥§iroupt 07" p8PYARFRITIWEi SPPRGIBEDRST y &0 |
Pol yam nes. Eknhgtehai riegdodiceenire,: ppilgechgleng @ekipaki shitig aganicenray

advant ageously ALt £1o (g RAYSIOBL: PTORETId 80! ptDFeSHBS A SRR o1 N0
the blend comprises EVA ranging from about 5 to about 45
wt%, preferably about 6 to about 25 wt% and more preferably
30 about 12 to about 24 wt%. Such blends are thought to be
conducive to the desirable production of concave cells
having a small size as further discussed below. In still
more preferred embodiments, the blend has a ethylene vinyl
acetate:polyethylene weight ratio between about 0.6:9.4 and

35 about 1.8:8.2. In even more preferred embodiments, the
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- 25 preferred enbodi nents, for exanple, the substrate, after being coated

- with an organic polyner polishing agent, has peak Tan Delta at |east about
40C | ower than the uncoated thernoplastic foam substrate. In other

“preferred enbodi nents, the peak |oss nodul us of the organic pol yner 30

coat ed subst bakadi shad hkeasihyhaid 061 owrletiztan pbofet Al 8RE ORAht
substrate. The peak Tan Delta an eak Los dul ys_may _be determ ned using
t echni ques, §5‘Eﬁ°a§e5§}ﬁ§ﬂi ?:b%tbh‘ghéip’cg 1 Rﬁ‘ﬁsﬁglggté \l;JveFI‘Bkﬁovm to those of
ordinary skill inihhe get. 3btNet anadtientsgdad mendmieidiretpr,esenthe
invention is -12 t hod for preparing a,polishin ad. . Turning to the
f1 ow di agramtggﬁlngP%agFﬁc BWkE ,S%%ﬁéenrg?‘%c% f r@SgﬁEf‘E‘ég ?%é‘asvgélgs of
provi di ng5a eherlmadtasibautf ogsn gubstydieael lihscdxypdsl ngmaeets5all20 wiHehi n t he
substrate to_farm [ f 5 _¢Oo iSing con cells and cqating.an
interior surf ggge §0§§F ?%%Sléﬁh%g%y ?:ee $51% qﬁu\@epc?faitsﬁ:ﬁlr? Saglgnt"".eqllﬁ
certain prefé&nped eobduraeertfs ordioardi sigi Bl fioatwhsubst t a$wcH Hrdaedaedes

preparing th u tp.in celd.s within the s trat.e a _foam ng
process 140. %‘?ﬁe?ﬁggﬁéé %T’IL t'?c#ea (?L(%eéhgéa\rg:téo\?vi iﬁh? hbebls%rh S nr%’éleé’fef ects
the size of tthe 2éntaves cat | 20AC ifirdflewedf bymédy bng t dved seoimoda maf thiee

substr at S f or ff ; 519] Si e C d.cells, not ed
el semhergohe%\élgh?&f O?D%E:erttsxée?n g%r%%)él ment %ﬁsﬁ%ﬂr.'eel a{nlgl\%%r%l%lf;un S é?hgt hyl ene
vinyl acet at eré¢8igepbignermatelrizol yet hyl ene nay be controlled in order to

advant ageous! y adiyst Lg25h2e fbofthbaclr 00uged dydhoch e, {gam g,

process. In addition, t I nd oam ng process use y result 1n
different cebhbstraee. hpa cedliai Aosmpddithsaughofibr thraspbetrprevi dilmg t he

20 substrat ecé}Qamypkgféygﬁp ﬁ@@am&%e ém@ré@lgﬂ agld CSLLI rﬁBﬁaﬁl&oam ng

process 140. Any process we now to those of ordinary skill in thé art
may be udéd. sPherpidetssinmEliefcrygéerred enkaminents, efbiengiad ok fée

pol ymers conpph$5nghe, substat e dh Scbhenderne ThenBEeGesS 148 al so 25
i nclude crosslinking (XL) 144 polynmers in the substrate, using ir adi at i on

or chemical REBA3VEO GedHiSevRE cEbSsIFundiang The theocesestiare uhevier anncl ude
formng a m xLUEg5ef shihe HESILA! Gt & dd Ot BBoRgeRha( BB G rRief erably

under pressure, and extruding the mxture 30 through a conventional die 148
to form sheeTBeorveragedtidd ofohhs. CIPRAYR SIS raDIaSelre® ghaih dé0t he

substrat gopr ebernahy Vi REsSréhs] Osede&ald1y oaBuvhi 66 HBORLEYXROSISRY Of
the cells 130, results_in concave cells having an average size of between

about 100 ni PEERSNEPABMES pFgLiergbly about I15 to about 200 microns.
Cell size may be determined using standard protocols,

developed and published by the American Society for Testing
and Materials (West Conshohocken, PA), for example, such as
25 ASTM D3576, incorporated herein by reference. I n
certain preferred embodiments, where the shape of the cell
is substantially spherical, cell gize is approximately
equal to the mean cell diameter. In embodiments comprising
EVA copolymer, for example, cell diameter is a function of
30 the EVA content of co-polymer bend, as disclosed by Perez
et al. J. Appl. Polymer Sci, vol. 68, 1998 pp 1237-1244,
incorporated by reference herein. As disclosed by Perez et
al. bulk density and cell density are inversely related.
Thus, in other preferred embodiments, the density of

35 concave cells at the surface of the substrate ranges
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-mcrons and a cell density of at |east about 4.5 cells/m®2, and nore
preferably a size between about 100 m crons and about 200 m crons and a
cell density of at |east about 60 cells/mm¥Z . Exposing cells 120 to forma
“surface conprising concave cells nay be achi eved by any conventi onal
process wel | benwaent 8 .6hesd ebookdilnar gedkilimi,n arvk reorte  dRmrf eoednipt €,
exposi ng 120 l.ev f i e 5 i,c f

substrate onbggﬁﬁgﬁaggghgfgge?xgkdﬁgﬂg¥%ﬁ%/kgh'a F%?%nﬁ§§gﬁkkiFggéq%%tmeen
about 1200 nidetemsiand, abdor 2@3@mpiler onyofir omitelsuri@pecstionhe of
substrate. |piCepbahBypr ehesd st Lracl Ty o Bk bV NG L CUL LI g 124 may be

performed using a skTving vi ce, such as a those provi ded by
Fecken-Ki 5f el , (AZbhehheCoephastic e sybshoarat eay ofusthdmceni8dssan be

achi eved using the grakt bag procgdue Hael05ed di0 14:-SnARRkLeat i o

09/ 994, 407, incorporated herein by reference. Thus, 1n certain enboéinents,
coating may &ORpERBECekpbiehgnahdel Famprdsiedr o§uphrcerewp ah iGuauralllpl asm

reactant (1lst,plaanBitesnt ABLA1 13311 OkpERdUSs endmdidd ek S Acetihar eon.
Coating 130 may further conprise exposing the nodified surfacé to a

secondary pl &8meth®adtrinttq 2ABPPKhs Mesicadlant yrarsylueendeeat e boyr &t ed

surface aqp tliabmeielﬁ'tegrg estidaceo the Haftadbswdace qPprdaiga d he
polishing agent. Any of the prinmary and secondary reactants or procedures

descri bed i ntbes, iparearinpfild&s ofaKo. P9o/5dL£AGE nhyoBe thed 95PUWrhe

grafting pr Oﬁéﬁgiéeiﬁﬁabﬂ hea 10! | 8hi 891 @PebkiQ8st heah Bl Bl &11SWdase of the
concave 25 cells of the substrate of the present invention. In certain

alternative ERPEIHRefEEPONRE Sy hdaMREIIM SHoGR S st eZL8CcARIITED 150 to
a stiff backirhg mMierictladhist i fbakackibagrhtlit sid heee0aPH e rtay and

el ongati gon ofp&hg,foan1durin gglish'qﬁﬁ whi ch in turn, reduce erosion 30
and di shitig SMPEELESREFT NS nEPEPTHRFF <P rAPHE IOMYEY Fadsrt aitht (&% r ed
Snbodi ment Is ehﬁelcﬁﬁléﬁf:sbaﬂké rfg.lﬂ&&ebbﬁbriéﬁs sji]SidEOﬂ]a%b&edZOft@ dygtt

ensity poly e (i.e. rreat er, t han,  about 0. 98 cc).,, and nore
referably coRaWhged RLBR BRROFEy (HRPYorhyYohle. 35Faart Acchr Gt ert s
coupling is &tRievetdvictharemddilt handi gl usidfert £omentboadbut athesi ve,
such as epox t her terials Il _known to those skilled in the art. In
ot her prefer%&gﬁe Sﬂpng%is155ﬁbﬁ$§g°¥§l%%ﬂYe§§h iéne§bFU§F5n g of
the nolteo baokwvegtiaheli &lildeto nidverfiedr, |guci idd ohher revkadiedenis t he
backing is thermall | ded t m _10_Y; her enbodi of the
pr esent inveﬂf%dnhﬁéeggngﬁéh?h%ggp%gga?ﬁé.6%££?1 usTr%ﬂ%ﬁfRQ¥%g%§bﬁﬁ'2, t he
appar at us 20@efsreonprheedinf areredseniwiihliy dheveooparsf erthéhgackstid, a

pol i shi ng plqhggngggn_the carrier head 210 being positionabl e against the

to

pol i shing platen
The thermoplastic foam substrate also desirably has

25 certain mechanical properties to facilitate polishing.
Specifically, the thermoplastic foam sgubstrate must be
capable of deforming during polishing to an extent
sufficient to allow the polishing agent coating the
interior surface of the concave cells to facilitate

30 polishing. In certain embodiments, for example, the
thermoplastic foam substrate hags a Tensile Elongation
between about 100% and about B800%. In certain preferred
embodiments, Tensile Elongation is between about 100% and
about 450%. In yet other embodiments, Tensile Elongation

35 is between about 600% and about 800%. Tensile Elongation
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- 15 inpart a polishing force against the polishing platen 220. The apparat us
200 further includes a polishing pad 230 attached to the polishing platen
220. The polishing pad 230 includes a thernoplastic foam substrate 240
“having a surface 242 conprised of concave cells 244. The polishing 20 body
230 further imagl dedetgpolirdd ngsiage it adarcdogiriotgpddle, | riveh @ls sagfMace 248
of the concai) g%l | s 244. 1 n_certain, rlgaferrfed enbodi nents, the polishing
pad 230 is c éé:' I"é 6Pc85PP)§ﬁFﬁ léezl:r%% 1P% 56 61t "4 “Fevi ce substrate 260
surface 265 at a maepyall ishtegotgatnt | magt c@bpaboutodd dngedireo s saciond
using a down forc tween about 26 _an t kPa, a_tabl.e speed between
Sbout 80" and SEOBCTBREaRA A7Eapt DPPspBaaRtatvREh inany ed i REEe 05
rpm NMoredverthet beafédnygadbfrahe segormamat raianeédnts ahothbe 2subshutas ' s

cunul ative pq]ishing tine. i.nt.ai n t 58 .m nut es
cunul ative pgﬁlll%%cr?g talsrréi.l%%ﬂé)gt%éir rﬁ%cuerr‘ﬂl?éaﬁoq V%Edpgf?]gﬁl n'g J?ﬂ?ér)r(i%al’!;paos ahtsee&c;

herei n, refeterednt hisyt otedlerernwe .t HEhgolceshmag peal 280iriss agedt 0 may
successively ' t] r ; : 5 ly
nunber of theC% kﬁggnéhbéﬁé%%ﬁé%g‘%?%sluéﬁfggaéeeér]ﬁﬁ%oln%té@%kg %‘g %fégﬁeg{e]s on a
waf er. -15 domtetinéngperdaneret ehigodicosposndt he ysmtwsl thatseainddry net al
250 duri pali.shi f i%eﬁg_lérffcae 6% J.emai g, W d.hi o jabo 0~.
l\/breover,rig)t hgjerazjﬁg\?lgl c&roa e r?gl%%att neé:%i n.sg’bo&tc% m nuI}tMe%mg%nu 'a’ttfr\l/eg

pol i shing ti mecendagymiaegionatlftorreatmdeasnc ibdet a58 nansdtdoncumiad i ve
polishing tingcyl etiftaRiller RESISHLEd egPodLARLS im. t haiRRERL 250 S

sel ected fromthe group consisting of copper and tungsten. In particular
preferred entsdicdertsmenhecapaiale 250 feymimids s velagst enorgarertdicadeld ce
surface 265, Gra0har RRlchSRisNGhetRds tds! @CINtd8RSIdnNe Y MRSRONG-Ag,f 0 | ess
t han about 125 Counts/200 nm wafer using a down force of_|ess than about 31
kPa and 4% alitemgpeagdoranablekf kgigid o= ise tRJERE BRALYM@FHIH Fagr s of
the apparat us 200, 615 | ngl Le ﬁ&gVEI‘.&bOB@' cERMbYBE hisNGHRNGnadhesi ve
280 to securely couple the substrate 260 to the carrier head 210. The

pol i shi ng bod®pPrEdernad Fhe ireenometadd s Serrrddae BRAFRaléKt#Fe290"oupl ed
to the ther mpleast i ¢ hipaeimehskl at ecR40, bpgawxanplSottsidiy a soONVeid onal
second adhesive 295. 20_Havi ng descri bed the present invention, jt is

bel i eved t hatiRECTREE Wi FI TBRISHe BRE P S25FEr eAECHFLE ef BF MWD t he
fol | ow n%oexlﬂﬁlraigﬁ%mts. Tht pyeFbrbed faétﬁk:}clﬁﬁin&irﬁt@_,t Rak Sbeﬁgx'pggis@@z&ts ae
presented sol ely for, the purpose of illustration and shou ot . pe
construed as 954ty '&h‘-”r?éfpz% PhoeRt PSn.celfS'f“lgﬁar‘Fgﬂr’e:",lS&IWOL?géﬂ %}nﬁlcon
experinment s desddsbethdet Dvarmiym bextasd ) eduoht asn A liaor diayidketdndig, one

killed in the art could adj ifi ' i d titi
lp 1o appr oprides vl HeexTpY Sty R R utse Hide BetviRe: SOCEMperTHERLS

Experi nment s wakexdded@olgdetro: 1) exam ne the concave cells on the surface

of the t nopl astic foam substrate: 2). _characterize the chem cal

conpositi and CHEAPES %‘?oeplértnggnéﬁther‘?aocarﬁnétubél?}’atcbe% E%SdS)torreasure

the -16 produce the ceramic polishing agent, however. The
secondary plasma reactant may include ozone, alkoxy

gilanes, water, ammonia, alcohols, wmineral sprits or
hydrogen peroxide. For example, in preferred embodiments,
30 the secondary plasma reactant may be composed of titanium
esters, tantalum alkoxides, including tantalum alkoxides
wherein the alkoxide portion has 1-5 carbon atoms;
manganese acetate solution in water; manganese alkoxide
dissolved in mineral spirits; manganese acetate; manganese

35 acetylacetonate; aluminum alkoxides; alkoxy aluminates;
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- pol i shing properties of the polishing pads of the present invention under
different polishing conditions and conparing their polishing properties to
conventional pads. Experinent 1 5 Scanning el ectron mcroscopic (SEM

" i mages using conventional instrunentation and processes were obtained from
ski ved t her neghastiue ekoded; celtcdoinm Hibkskidiees Whetden PFies efllkdmernt i on

bef ore and afterlggati%lg agg)l i s_hi 29 a}?en.t on the interior surface of
concave cel | £35n1f ReCAPTUBTTSY e 2SR 14 ONaT e5d dMPEBRS L WB RASHA Wival
confocal fl uangsceageesl o ecseapilacerdgaseof didterceabedimnghssrate awie

obt ai ned usin onventignal instyrumentation _and processes. Th

t her nopl ast i (:C%fn%gﬁlp\%ggeaor RRE | H‘% aﬁﬁ?%ﬁgﬁ‘g el al%“alzor%arﬁtn‘?ﬁﬁ’mz 9% area
sheets of Jabextam®l®,crnalilvgkneddandhe axgimeronal | yaldebai nedl dhes nopldastic

f oam substrat f.Qam. f.rom.JV5 Pl astics, . Neptune NJ designated as .'J-60,"
conprised a ﬁl%én%élgf’ ﬁ&%[ml ~e§}%,srsabao%? YEE?B' aﬁé}ﬁ?nﬁwﬂ ggﬂa—éfsaﬁd‘%m ance
pol yet hyl ene adieehoflber cadditanigm prssera 20 iozonlee comerci al ly provi ded
substrate. The J- e RY i co cial cutting blade
(Model nunber D51ggt%?jﬁg¥?g%ﬁ5écégﬁ- %ﬁﬂe%hgn%acﬁégr@ &%?%aﬁf,’??r’r%s Heet s
wer e t hen nmawglany cclredysgrai twhean crgeeoiss/ couprwopld ateohsédsealuttiten. 25
To coat J-60 i shyi ag risi 4l i con: di_oxide he, ski ved
substr at élomg\ggltoglgggbi ?fht%g"ar egég ?lg%{%)hanbﬁg%l@fleas c%%vg’nﬁlonsaﬁéocngr’?nrgr ci al
Radi o Fr equenepcCGapiwsD ehardse (RFED) pllavielseacibiylhawinngesa; t exarlat ur e
controll ed el nf i ti ( PE- 2. Ad 30 _En st ens,
Medf or d, NY)?E%%gggﬁggﬁé gg%%%ﬁéﬁgaogggﬁg éﬁ%ﬁ%?ﬁ&%ﬁﬁ%%ﬂéo%ngncég%ﬁéy

i ntroduci ng @itemgri ridry lpl acher? pasesandany geminkesr afmane 30heo adiout 120
seconds, dependiBg UL €1 S Z€a3Rdn!, OtAlAN ﬁ;l?%)[eée’ziﬂgé hi phLPE rgaction

chanber mumi nfai ned at about 350 mlorr. The -17 ctrode tenperature was
mai nt ai néd® afliydut IBOERS arfPraRR opef atFHPPoWAL O j abder Y100 tarisbout

2500 vatts wagchsed,dependi NG9 1tkeas 28N & & pral heRgChaghe iz e
Subsequently, the secondary_ reactant was introduced for 5 either 10 or 30

mnutes at 02EQMSEMP&RAAEBRSH St RBLSFS sTPMeA i e GRQUY Soms i or

tetraorthosi kijggte HFEPIne M 60 Wt Ayte itdW¥s 9asorThexampiit ofiRpecur sor
in the gas stream was governed by the vapor pressure (BP) ‘of the sécondary
react ant non@FEF3SE -t hel AufRRERL} SF&hrdired empedpeeat 8 r et iRl igthing 0C) .

|11 ust ratiove agrealpligs oofl «SEMAl FRERS Algrthd MEIRdlkRirOtHA Rruegeed in
FI GURE 3 for:@éA) the substrate J-60 tz?fter ski\r/ti!nf[?nd (B) thelgﬁgstrate
J-60 after sECHYAGCRRALE0ARTNEPWATRST i con di oxi de. As

In certain embodiments, the coating of polishing
agents may advantageously alter the physical properties of
the substrate comprising the polishing pad. In certain

25 preferred embodiments, for example, the sgubstrate, after
being coated with an organic polymer polishing agent, has
peak Tan Delta at least about 40°C lower than the uncoated
thermoplastic foam substrate. In other preferred
embodiments, the peak loss modulus of the organic polymer

30 coated substrate is at least about 10°C lower than for the
uncoated substrate. The peak Tan Delta and peak Loss
Modulus may be determined using techniques, such as Dynamic
Mechanical Analysis, well known to those of ordinary skill
in the art.

35 Yet another embodiment of the present invention is a
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- 15 depicted in both FIGURE 3A and 3B, the concave cells are substantially
spheroi dal, although elliptical and nore irregul ar shapes are observed.
Measurenents of cell size reveal ed an average size of about 100 to about
125 microns. In addition, the density of cells per unit area of 20 the
surface was deitdiod fed byrepastiay anppeeshong opaSEMwrRGRs dOresabstdat es
containing different .anpupts of The |1 depsi.ty ranged from about 60
to about 100 %@%%Fh#f?%ﬁ%ﬁ& @/ﬁﬁ%t}bs%g‘ﬁt f“&?geﬂa%&% ?%’“E’ﬁbs%?latﬁé? si ze
or density ofsttepes coficavevidihg af t ehermedlay:i25fdamepubsertaki Vel 0,

fl uorescence njcr ORLG -1 of .the J-60 substrate after coating with
silicon di oxi éb%l'ssc')L§1 réggg%fgggglgnwf—'f: glﬁ BURRFER T & Q%iaon%u%%qei ni ng

t he edges Sf aomweawengekbacageecatssgnaddt oot oy esmec eletee f ¥ ddner 26 | shi ng
agent and th hey, Last] b e itself. .30.l.ntense regions within the
concave cel | g‘#e%é@@?i %Eﬁ}égatg %%{?éshvi'lntgh a?gé)rﬂll@&é'ﬂgnagﬁﬁé'cel ls. As
illustrated in thénfigartairhepse femod denkodiomertad | ngragedinginkf dfddny coat s
the interior I 0 h - er. ment The chemi cal

conposi tion ésﬁlg)sfr'%g%ﬁgniflégl §B§g%§§§i Bég%?rgﬁe(ge?% %%%%Fe’?%ealcﬁ%/ ]ﬁ?/‘g]iurdaeol e

t her nopl ast i cedllesedtbehn| theambabsatatley aefeacionparmshedsn laddi tiTe to
J-60, 5 dgscrg;bed Jen Bxpesi t ~Ll;1Lhe. oW 0g gg%p sidic.fo

substrat es Wer?e exam ned: g\rs;%g g%rlnl)%l gégggﬁs%ge%ﬁ%. ! %ﬁ%eucésdgtrrﬁsel ty

Pol yet hyl ene SiRE) of obhe (Vohexte R L1 S ndmivaltedk, foanedncr, th)swatfieached to

backi ng of 0@kl Bekeogpdensedybiah PEOSLLY DOlOG! PR Lo BRE) ), SSV2

conprised 10 a skived O. medi um density extra """ from
Vol t ek) attaclegedo eebatki ndiof notedo'elissiwiie reontkrsiay, EYax HRRE t@dpol yrrer ;

and SC12G cogpiosgfenrski Mad QL1070 veEYARE: § QMe Y 1%%‘2%%% TP t ek)

The chem cal con‘gom tion was assessed by subjectin anount s of
substrat &5t o C@P§¥MEEn anA POAVERhYéRBef BRY2Pehswns ral 1edodnf oitdewed by

drying and cqpRantBgebiiglyeigisPeicent ageplicding ?%hqg?!;(ﬁ%g%%he

material remaining relative to the predigestion nateri al

wei ght per cedC3BfNEVATPESAS) bl tdiorh the Edngopyefesminme nkesestst ai ned
fromthe manufsaet Ha9r rekll 8doh td DfFetdia WRIIARL spekgent of inorganic fillers
(Filler%, conprising Talc, Titanjum Oxides, Calcium Silicates, Calcium

Car bonat e, MagnesiOmo§Htiadat eFoHeAt T sEPF seHABP LBt aPHEY 1B e

manuf act woer sibs8$8€8Ssedo byay 5 @ iprepak i ahedhe at néRabY S $6 i S Uk @S
Differential _Scanni ng . Calorinetry_ and Resi due Anal ysis after total organic
conmbust i on. ‘P_h’eac é’ﬁlﬂ‘&é‘ﬁ PEREGERT L oR - of ARREPTACT TPt i Todh Shese at es
i s present edofnofdBhbr}. sRABLE 1l the art may be used. The process may
30Conposi tiond- OngA?SVZSClZQﬁyl%ﬁg%BS.?-.39.8--29. n. m EVA%-6 t.o
~12~029_ 8-  1&8Rcigde, for example, ending 142 the polymers comprising
the substrate in a blender. The process 140 may also
25 include crosslinking (XL) 144 polymers in the substrate,
using irradiation or chemical means to achieve
crosslinking. The process may further include forming a
mixture of the substrate and a blowing agent (BA) 146,
preferably under pressure, and extruding the mixture
30 through a conventional die 148 to form sheets of closed-
cell foams.
The process 110 used to provide the substrate
preferably provides a closed-cell foam, which upon exposing
of the cells 130, results in concave cells having an

average size of between about 100 microns and about 600
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"Fillers ~10 to ~16 ~10 | ~10~ ~10 n.m: not neasured The characterization
of the mechanical properties of the above-nentioned thernoplastic foam
substrates included 5 assessnents of: Density; Conpression Strength;

" Hardness; Tensile Strength and Tensile Yield or Tensile Elongation to
Break; Melti mycoingt andsa detkr rdersd thyy obi & el et albdSdarnisngeCakgmintret ry;
and Coeffi ci 1.CL I le Fl I_on t ed .in two
orientati ons?ar}lgljl g[(nogxl% I%-éa%r}sa b}grnzandsel a oﬁddp%}ef%axa:%@mm%?roe n’flhceroﬁsax"’r%d and
y-axi s differdoputo@odegrieessonsThadresoeld dénshegeof est Sleas abomr ieed i n
TABLE 2. TAB;%% ]7,§\ 20 25 30 35 PropertyJ60SV1IASSV2SCl2GDensity
(I'ba/ft3)8.52]". £7 %11 8Conpression Strength (I b/sq in)C-?5~5.25. 65. 64. 8~
10~8. 873. 622. 87. 6Expogdag2. ©4PDs 832001008(fob~15. 8L5T7a6d 7. GivpBiShiare

e (Cocstb R M, MR i ilion
(~) Machi ne304Z32472B06X- rachhaeg00f7 3443584 PSEKBILt iPeakhe art. For
(©) 76.5106. 590084 e>REHILG Y A hidy bd OBch @bt B $9x289 33% 45316 20
5 thermoplastic foam substrate on a planar surface, and
cutting 124 a thin layer (i.e., between about 1200 microns
and about 2000 microns) from the surface of the gubstrate.
In certain preferred embodiments, skiving or cutting 124
may be performed using a skiving device, such as a those
10 provided by Fecken-Kirfel, (Aachen, Germany).
Coating the interior surface 130 can be achieved using
the grafting procedure disclosed in U.S. Application
09/994,407, incorporated herein by reference. Thus, in
certain embodiments, coating may comprise exposing the
15 interior surface to an initial plasma reactant (lst plasma
reactant) 133 to produce a modified surface thereon.
Coating 130 may further comprise exposing the modified
surface to a secondary plasma reactant (2nd plasma
reactant) 137 to create a grafted surface on the modified
20 surface, the grafted surface comprising the polishing
agent. Any of the primary and secondary reactants or
procedures described in U.8. Patent Application No.
09/994,407 may be used in the grafting process to coat the
polishing agent on the interior surface of the concave
25 cells of the substrate of the present invention.
In certain alternative embodiments, the thermoplastic
foam substrate is coupled 150 to a stiff backing material.
A stiff backing limits the compressibility and elongation
of the foam during polishing, which in turn, reduce erosion
30 and dishing effects during metal polishing wvia CMP. In

certain preferred embodiments, the stiff backing material

-14-




- Kinetic 0.57 0.22 0.43 The characterization of the mechani cal properties of
t hernopl asti ¢ foam substrates of the present invention further included
Dynam ¢ Mechani cal Analysis (DMA) of the 5 substrates before (No Treatnent)
“and after coating with a polishing agent. The DVA neasurenents were

obt ai ned usi g aocmpidebeduabes HIh 208 iand padgkyhelensi 0. &nj wfeaalerV2. S5H

software (both instrunments from TA |Instrunents, _Ne stle, DE).. 1

Exenpl ary dat235% aéPBFagegmn%%),' 1 %&upﬁsfﬁﬁ%‘%%nc%q?}f%ﬁ G}lﬁﬂ(}bsent ed
in Fl GURES 5dehsdng poliyesheléenyel yInTherpaln sémned pachuscagdtied; wid h
organi ¢ pol yner .poli.shing agents by exposj.ng skived Aljiplast (JMS Plastic
Suppl i es, NefM&VeR J.V;l%Ty%z"e@,&:carered;%rﬂdrlé’%m ¥ ensit y ca‘f‘fﬁ’ﬁ({htr’d’ﬁ@s 34
Shore A), wsiadheisieoeabeuehdasc gy grafdthey praceesisl sSeedid&mpwl asima
reactants, caqntaini i t.her Allyl-Al cahol . .or Allvl-Amne, .Tefraethoxy

Si | ane (TEOS)%,hOS're £ rlgiesc}oplrn oﬁzﬂqtﬁﬁtang]%(% pl'?é%err%foerf{c:rrée"Fbso,&l\/\[}[{‘aernetSgr afted
onto the ski\vedplling dst ssitistviedt &;iaurderu20 cnoraiattiiogs ofi riHeamdla erhat

di scussed in ri i in_F Qat
substrate ha&@é@pggﬂﬁ?ke%&g?%%@éa0%2%03{1 g%@% %ﬁ?&e% eoﬁlﬁgeongct%ed
substrate hadhe pegkiag abothexrd@Cly Wrisklachaqpddle Fosm.nmodul us of the

organi c ymer c e r b1 I t t. for

t he uncogtcaed subs'?(;é Ba:t g.n%glpl%l&l g&'ﬁ?,a%gésﬁ?l Es??%t%ﬂgél)énﬁ%ﬂl%%éﬁwnmﬁae% t he

coat ed subst matld shdgga grracatays Del ths allihpdirated 018C FIHREINE oattdd _

substrate ha%g%g%%%gaéoé‘bPé“co'i«gJQisEBUéft@%&@%&i@ﬁl?&%@vﬁﬁ dd1es&,0r gani ¢
u wer than tor the

pol ynmer coate substrates arée at | east about 40C | '
uncoat ed subdtesst e21Expar PeeAchdngh@lgsenshaty pileperaresesf hepd F39 shi ng

pads of the bgéing %Géﬂ‘foﬂamd%‘té?&iﬂ@ietﬁéarﬂdﬁ%l—fﬁ@erpﬁéﬁérﬁr?ﬂb ey i shing
conditions and conpared_to the pol'ishing properties o6f conventional pads.
To exami rié pdinpsiritng peopehingsterrreradfilifdr she polishing RbH:RR i WAs, a

pol i shing pacpns,B,PraNa edoby rerpfsi-ng rekinaed J60pLhesnDRy aghiic Saam
substrates to the above-described grafting process ?o produce titani um

di oxi de and dittiachedditexitde Reiehipe Rdmted p2ds, J8 Friiehing erbTR'
and "J60SR, " yRspatdivRly o Bdripithe 136 GHRmndinkkdeRep2ds mRehaly cal |y

gurface 242 comprised of concave cells 244. The polishing

20 body 230 further includes a polishing agent 246 coating the
interior surface 248 of the concave cells 244.

In certain preferred embodiments, the polishing pad

230 is capable of polishing a metal 250 on a device

substrate 260 surface 265 at a removal rate of at least

25 about 40 Angstromg/second using a down force between about

26 and about 31 kPa, a table speed between about 60 and 100

rpm and a carrier speed between about 65 and about 105 rpm.

Moreover, the removal rate may be attained in about 2

minutes cumulative polishing time and maintained for at

30 1least about 58 minutes cumulative polishing time. The term

cumulative polishing time as used herein, refers to the

total time the polishing pad 230 is used to successively

polish multiple surfaces, such as the surface 265 of any

number of the device substrates 260, such as semiconductor

35 devices on a wafer.
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10 routed to afford slurry channels. Tungsten polishing properties were
assessed using a commercial polisher (Product No. EP0222 from Ebara
Technol ogi es, Sacranento, CA). Unless otherw se noted, the renoval rate of
“tungsten polishing was assessed using a 15 down force of about 13. N per

i nchz of substrat & addwetr Prafetimat embpsiimentabl ¢hsepemdorilabeite X0 t o

about 250 rp GO th rry . qi%tgg_.r Q, f
Rodel , Newar km@?n&ﬁla?’nsgp E#llﬁ%ﬁ{(?eggé#e]t%ée ycggﬁ%%%lm |ccaetN§§4$}%%ﬁ:EO§);6q‘:’r;bout
10, 000 ~4 t hinswajafsews thawi agoat depdsi t dbrsiovetr, 20h8, peBovat ureyse emysur f ace

and an under|dag ghoyl, 20,8 BkukbbABLIIRAIYE ol ANEInIT ud!Sath for

test polishing. e uniformty of tungsten renobva Cross er's
surface wds adedadaedsi figrt hat saheasiol iadifiutg Sfpamanuseandcwonttivens.

Cont our pl ot $,4Af; gt egaét. en ﬁlursfcalsvz@sogéelpqiﬂe%%%@eaﬁgmgoameﬁégmr?&d

J60SR pads were neasudred el ectri cal by neasuring sheet resistance at 49

poi nts di striMAkedd 254dii8l I9pleckeds frhe e egroupecenet digendost prtims ng
depths of tungst eniemued agpo ﬂtu%u\a@Eegnréﬁé%r%ha%o%i Wiedt | g of the

depth renoved and the percent 30 standard deviation of the depth renoved
(Post STD~) wdekadal’dfl &CEWTie6fh tHEIgbeReadd ethofdehices sweiateaias, The

Post STD~ @S GeRsi geledniAghendda Bestogedeialcy tdeakpbnal nfhes unidprnity
of the netal renoval. FI GU?—QE 8A and 8B illustrate, respectively, the 35

tungst en rendVER BFRBIY RRS HRINFH/RONTTy Wit ey pgdoen & Bpwn fgxsiglofi . e. |

Post STD%) obtidigaednhar apbliti pl exvafo(s  samlelpheki shege upddit thgu160TR
pad. Inportantly, the no preconditioning was perfornmed on the pad prior to

comenci ng t He &Fferiment. After polishing the first 5 .sanple, the renoval

rate remained abowddatibeast akBodiméhtIHR OfBkeSeappabdtudi foyan tméapf
about 30% or be tugtre Mor eover,, after the first five san‘gl es, the J60TR pad
renoved tithg & RTFEHICRY (FAFiehefiR@En28Poar 66T ¥RG2PE o

Angst rons/ segech@ielgt cbepié 2Re SEuBBESteOLen thi 8hdOcsaptepaidd,21tde

uniformty of tungsten,renpval across the wafer r i ned between about 8
and about 15 FReABULT PP abRY | 55 s RS0 800! 71 PO L F G Pt o
obt ai ned usi nGteidal6QSB prhupSkidnG Ppathe Aged figopliddt iR0 fU=RT Gthdd Ritieng,
after poli Shi2§§t e first fanpl e wafer, 15 the ;un%steg removal rate

remai ned at 1%68<t *8BoGFHB AnYRTID b /SRR OR2E HRFPBY eSS/ St 14% or
better. Afaer theHbvisy feverseeapltde prheedbiSR grad argnmivetls thelgistved at a

uniformrate (i _.e.., between.about 40 and about 55 Angstrons/se for at
| east 20 sanﬁl(hé—’lst. € ee(ras'at |§Vl§3 g’%ﬁé‘“ﬁe??’%ﬁ,“‘?ﬁ% %%??%;Frﬁ%t o]feif%ﬁedjscteen
renoval across the feléowirgeexpelr betnteen dibowtild hadagftredimtast ftactt of

foun'for e (DL Fany SHesiy Pap b RISl NOBL Co8r Bk ksl &
renoval rateillustration and should not be construed as limiting the
25 invention. For example, although the experiments described
below may be carried out in a laboratory setting, one
skilled in the art could adjust specific numbers,
dimensions and quantities up to appropriate values for a

full-scale plant setting.

30 Experiments
Experiments were conducted to: 1) examine the concave
cells on the surface of the thermoplastic foam substrate;
2) characterize the chemical composition and mechanical

properties of the foam substrate; and 3) measure the
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- 25 and the uniformty of renoval. The results indicate that the pads of the
present invention have acceptabl e polishing properties under a broad range
of conditions. As illustrated in FIGURE 10 for the J60SR pad, a renoval
“rate of at |east about 40 Angstrons/second using a down force 30 between

about 26 andpahawhidd kPapeatiabl ef SpredpbEL dREIY &0 and b dim and a
carrier speed betntéeen about 65 gng about 105 rgﬁl he uniformty of
tungsten remdVAEF&MEI nef 95t weSht SBERAT 2. BOahaRL1BFut CENEitigRE hiagikst

uni fornmity wasmphirangedhest ngoBi diedid iptipertowsdewncbeves: Endl gads about
26 kPa) and high table speed (i.e., about 100 -23 rpm) . The effect of
polishing conditions was al so assessed by exam ning the effect of varying

t he down for egepetrahkfitspeed and carrier speed on slurry oxide polish
defects. 5 Post-polishing wafer defects were assessed using a KLA tencor
SP-1 with?®a thresR6PARONS0. S1eFcFPhs MicrQSREPEE i I(PEYL r atteagehe using

rel ationshi p cbatenenohhe AusRetmehtdei{sst snangrBekissBENYeT@NAHHLN%g down
force and tagl %@sp ed, .usi ngr a J60SR pad. The Sum of Defects in FIGURE 11

R pad
refers to ther eg iETIERIRStdF SlrsergReldcdorBy isngsEvares, of

regardl ess ofthehpreasse. irdfientdsn MERJHeTRey akcdef @@&@iﬁ%raﬁ ghisienmed; when
usi ng a conbi nati on of tilow_down force (i.e., Less than about 32 kPa) and

hi gh tabl e sBEERT(i°%. Fhgr dREEF LPRars B RAS 78 1 SANC2YS TR Ibl PRhitHE
properti a® okubberpokt shisngfpad. of Irheaquiasen, idBRRIHARNARN & dradeaned to
conventi onal Rads. To conmpare to conventi onalr@;r)ads, A pol i shing pad,

desi gnat ed adTMSEZREEGRS "IFEREFOHGsitHFIRSt Y nbPF aSCRE S0 SMbS TSt €

conpri sed of warpol yetdnehe Usaas ( Nesiniprdansialy 20sVehmé@Zation f @@

Vol t ek) capped froma 32 ml| thick layer of Hi gh density polyethylene. To
coat the sub&fP§EE®WFth a polishing agent conprising SiOz the secondary
pl asma react ant cOheathergopEAS; i naSo®t abd« df eaien] tive: s Uliirnodigatenger

conditio sitailar to th described in_ Experipen . .25 The .bl anket
Tungst enri?V\) '1%]& i%s ibrYg lp%p%r?t?]é%a of PTRES pgg ﬁgEu%oépgr &4 ttgl €gs-
comer ci al | y Theacbabéecial by |HCGAGNeSUBAerMopadssi acksar Radedt raNewgok DE) ,

desi gnated | 0 rgé)l- C1000/ SU OT:B.. respectively. The
conpari son vvgéggle??%rgﬁ% UPSI nsgﬂ%édok% ?‘(lzllngrﬁgt’ p%‘??]s‘ﬁ‘é tD ASduet oRo.
| PEC- 472 frorr8peédédna| PEd Chtinalbeut AB% BWVA a abomeitsi avalabshtr 2y %

conpri sing 00 [ .a hanced.. .. .
Tet r aet hyl op/'t@%\%gi' I ?é‘g{t e %ﬁ%ll&aeboétleg?ogggAggh\a?%ras HFATRS RTEESEEi t ed
about 8, 800 Ant ghgstcemmencfiaddyupedvidedt esbspobtehi nFhe3F-Fanghkensr enoval

rates for th@e§g45§ivég1999£SyB@bﬁ&gféfgh cutting blade (Model number

D5100 K1, from Fecken-Kirfel, Aachen, Germany). The sheets
were then manually cleaned with an aqueous/isopropyl
alcohol solution.

25 To coat J-60 with polishing agent comprising silicon
dioxide, the skived substrate was placed in the reaction
chamber of a conventional commercial Radio Frequency Glow
Discharge (RFGD) plasma reactor having a temperature
controlled electrode configuration (Model PE-2; Advanced

30 Energy Systems, Medford, NY). The plasma treatment of the
substrate was commenced by introducing the primary plasma
reactant, Argon, for about 30 to about 120 seconds,
depending on sample sgize and rotation speed, within the

reaction chamber maintained at about 350 mTorr. The
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- A and | C1000/ SUBA LOT-B pads are illustrated in FI GURES 12A, 12B and 12C,
respectively. To facilitate conparison of variations in renoval rate during
use, for the SCAMS pad, the renoval rates are nornalized (normal) with
“respect 5 to the average renoval rates obtained over the course of the
experi nent. @legtabdeetpobeshinget vae nefrtrsinagd tdie dhohead X090 tdmel a

pol i shing pa Fvvq:g ﬁf”ﬁ iV o] ish r di re waf er
surf aces. Fo%th e%}%é‘tgg ) g?tsczﬂr a ééﬁ szcr?n %ﬁt §§B§§naﬁg{’, \'?’fé‘ftg‘& R«Lahsl ng
time the 10 needal idegendémayan rtdtee sagpaienedidningsiat iapowthap®erf arizat. | east

about 58 mn (RY; ol'%%'%{]gi j n st I.zed
renoval rat elég%%?%%%% OOIE‘tg%BA% A@n??%%%%ﬁsﬁ%% E&Egagggénaédzz

progr essi \Pel pigdereak@dofr ol amhprhesi 28d YalUeSeM largd Goneheted of
cumulative 1§iﬁgbb§haﬂgx$aéq§f€% %%o&?mf@érébf%ﬂaéf¥¥?££e5§Tﬁ6§W4‘ﬁixed

cunul ative polishing tine. ase(]i1 on experinments such a that presented
herein, two pdltihsHinepalis gpe-expird caneWnthav® pxeelrepr tongheervaand
copper CMP pr, [y B ise erp[pégl iC f gam.goupl ed
Cor Rl as i | SR pras ﬁ%t}%?ﬁ%’%n%?r@%é@é%%?@um 353 | S ST

ext rusi on co&ECHRFIBEYt h&EereLaeh HDPECBRT a dF of BlbR | CE@R@Ngw| |rasferdfysdm The
ther mopl agt i ¢ hpamakgreomrrsesoof rdwt ~ talc, ~18 wt~ EVA and bal ance PE
and has a hardness _of 0 shore A About ~9 percent of 25 the thernoplastic
foam s vol ume conpril¥&5TrREEYS. WIEd&M i sCEki VR t 0 IpREFPde 3 - . 64 %ni |
thick |ayer haynigisasybhacered bhegpapred cal | s1cBads § orotungsien gl i shing
have a 500 mcro thick |ayer of anorphous Si02 conformally coated to the
concave surfé(’:‘@é"t&atﬁhg'&éer?%éﬂll SkFving 394G vEéR) cEPes S3@sardtene-&det ween.
The SiQz is :i@l@@&i t sibyng! asien eshanagd whemi csaﬂ#i\c@ippr dﬁjﬁﬁi)%éti on HCVD)
using a netal ester precusor conprising tetraorthosilicate. s for copper
pol i shi ndha¥&PaSEr A& lfloﬁ&‘cfﬁ@ RE| 3PeANGt Ko ifo FORRAYE d’@ggﬁ t%&F by

pl asma enhanee®sEVRCSLlDY asphdlidadt,er aBbhPigle Ure3QripE RN SAfd more
tetraorthotitinate., -25 Al t hough,_t he %ﬁesent i nvention hfas en descri bed
in detail, tHGSEILRPFI EH2PR%t AESaPPSShEtid JIRATSISHRIThAL ¢ cdifShake
various changeseadehst ahutawsrsacand sakzeer afi citsodter eion Webhaabowlepartsi ng

fromthe Scoggcg%n%helé ééﬁ%%géﬁyqthézgensity of cells per unit area of

20 the surface was determined by wvisual inspection of SEM
images for substrates containing different amounts of EVA.
The cell density ranged from about 60 to about 100
cells/mm?’. There was no substantial change in the shape,
size or density of the concave cells after coating.

25 A representative fluorescence microscopic image of the
J-60 substrate after coating with silicon dioxide is
presented in FIGURE 4. Hyper-intense regions outlining the
edges of concave cells were assigned to fluorescence from
the polishing agent and the thermoplastic substrate itself.

30 Intense regions within the concave cells were assigned to
polishing agent coating the cells. As illustrated in the
figure the silicon dioxide coating agent uniformly coats

the interior surface of the cells.
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"WHAT IS CLATMED |IS: 1. A polishing pad conprising: a thernoplastic foam
substrate having a surface conprised of concave cells; and 5 a polishing
agent coating an interior surface of said concave cells. 2. The polishing
"pad as recited in daim1, wherein said thernoplastic foam substrate
conpri ses a Ekxpewdment|2foam of crosslinked honDponner or copolymers. 10

ST see Loh) oo RAd B8ehFEL! Sbidbancdioll AngRELELEL SN BEmIRT AR, foam

conprises a blend of Cross yléne V|ny ACET A d a
| ow or nedluaedensityxmmhyeuhyﬂgn@N@aﬂabyeenﬂhamm@gaatéthyﬂ&medwa@ﬂl

acetate: pol yl &0s en Qu 6:9 4 a bout 15 4. The
pol i shi ng paggég recﬁt{%ﬂéDS g%§1 q&%é%%?n s?fd Sﬁg g 1R%s &° e?% Pene

vi nyl aceﬁatde§Gp®b§den1Qbﬂyﬂnhyhﬁnb,rEhe(deébweag ehermofl £t 4 fameth about
1.8:8.2. 20 Je re d 4 erei ol
thernDpIastignggﬁ?ggés?Egge §§1§§§ |§¥%EI88§P 5$%g]con?px gog %%Oleast
about 85 wt ~megiufhedqyes i tehi r?g’lpmdhaéenem (RR) i fo@mai iVdlexther"ti freai d

concave cel | %ofﬂegﬁ " IAELAGE 26)° Qe BeLReey B‘Q&y}lng e Q0 JHGr g and 350

mcrons. 7. polis as recite erein sai d concave
cells has a é@nﬁeaéﬂélfﬁlﬂ fD&atsuté’afplx@bbvlang (BIPE) £ 9V meBprised

10 a skived 0.070" medium density PE foam (Volextra™ from
Voltek) attached to a backing of 0.040" thick condensed
EVA-HDPE Copolymer; and SCl12G comprised a skived 0.070"
EVA-PE foam (Volextra™ from Voltek).

The chemical composition was assessed by subjecting

15 weighed amounts of substrate to digestion in 100% Xylene
for 24 hours at 120°C followed by drying and comparing the
weight percentage of the residual insoluble material
remaining relative to the predigestion material (Xylene%).
The weight percent of EVA (EVA%) blended with the

20 polyethylene was obtained from the manufacturer. In
addition, the weight percent of inorganic fillers
(Filler%), comprising Talec, Titanium Oxides, Calcium

Silicates, Calcium Carbonate, Magnesium Silicates, and Zinc
salts was obtained from the manufacturer or assessed by
25 conventional chemical analysis, such as Differential
Scanning Calorimetry and Residue Analysis after total
organic combustion. The chemical composition of the

thermoplastic foam substrates is presented in TABLE 1.

TABLE 1
30 Composition J-60 SVi1ia Ssv2 SC12G
Xylene% ~85.7 ~30.8 ~29.8
n.m.
EVA% ~6 to ~12 ~0 ~29.8 ~18
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8. The polishing pad as recited in Caim1l, wherein said polishing agent is
selected froma group of ceramcs consisting of: 5 Silicon Oxides; Titanium
Oxi des; Tetraethoxy Silane Polyner; and Titani um Al koxi de Polymer. 9. The

" pol i shi ng pad_as recited in Claiml, wherein 10 said polishing agent is

sel ected frornFqlgreg_lggp of EFlyf@r‘f,O congsi stli ng jof : Hol yalgpho|s; a

A I’DI“I“L Y ("Iﬁlm \Ahn |d
A~ I 9 ~7

P | LILILAYA I:JIIIII“ UL KT T
sabg'?;na?gsaf trétm belnr% Elggtggaggmth any one of sai d polynmers has peak Tan
Del ta at Ieast abdite 4hG@racwerizhanon sfibsheamechaR?BcaAhyrdpbNids of
NF. AY. ANl . A.. A A .A
T A AG A ARE Ve b R AR O e Bt e bty cay
caU] ca] ca]Ecal;#]Etm]srsm]e@a@] ] dadflciadycafampression Strengbth 0 %azgdré?(SSs BBl
o '.* +b+. 05 V. X
%&M]\éagaﬂ&%] vl g%?%%é%ca] Aﬁcaﬂ%n ?‘% ?i%?@aﬁ%ﬁféf’%’fég] EﬁTI&%th%\‘]"Eaﬁ%a] calc
a] ca] ca] ca] caﬁm]lmavpfteé.]taa]gcapoa}lta] ca]acatil]ata}:mm%ledl e]m‘mfﬂiquiJuwiM
DLYyt calcal ¢ calcalcal.calcal calca]c
Lllu] ca]ycgj] ga][ ﬁ@?’cé’ﬁ? ?caf %L]Cca }E 15?%&% ’?l['ﬂrlclclol" Al

eMzupkf " [ Vc] @é]qma!td]t(;@]ﬂcal]aea]:ea]:ed] (i3] c@ca]rn';al]lca}im\& caoajeceaxcadxciad ca) cal

ca] ca] caly c c c .
el\/]tup{(f ][\q/)g} H lﬁ]%%] %L?ala%ég]}cg’ %g}:cg ge/l cx %:%)]%m%/]%a ﬁ q\la ﬁ]é’a] cal ca
] ca] ca] ca] ca]%a]d@SF@&]Sca] d@pczpeslta) eﬁKtJ#eSael HeB 19 %RL )sqmr(a@llzﬁém in-,'@1
0%gg& () -, Aa¥e&x()-y10%& ()-
109%& ()-#*Fd}[9! &1 10%& ()-! @! 10%& ()-!, "1 10% ()-!"!10%g& ()- 10%& () -
109%g& () -defghi rP! S'1 109 ! 109& ()-/!>110% ;& ()-/ YMLO%VE ()-s 10 10
10! OMLOY%. () -falprE 2

Property J6e0 SV1A S5v2 SC12G
15 |[Density (lbs/ft?) 8.5 21.5 17.4 11.8
Compression Strength
(1b/sq in)
@ 5% 5.2 5.6 5.6 4.8
@ 10% 8.8 73.6 22.8 7.6
20 @ 15% 12.0 120.8 36.0 10.8
@ 25% 15.6 157.6 47.6 14.8
Shore Hardness
(A Scale) 21 72 48 28
(00 Scale) 68 92 85 69

25 |[Tensile Strength

(lbs/in?
Machine 196 625 599 393
X-machine 196 419 443 319
Tensile Elongation (%)
30 Machine 304 237 472 506
X-machine 301 173 446 504
DSC Melt Peak (°C) 76.5 106.5 90.0 84.5

Coefficient of Friction

(g/g)
35 Static 0.59 0.23 0.45
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The characterization of the mechanical properties of

thermoplastic foam substrates of the present invention
further included Dynamic Mechanical Analysis (DMA) of the

5 substrates before (No Treatment) and after coating with a
polishing agent. The DMA measurements were obtained using
a model number DMA 2980 and analyzed using Universal V2.5H
goftware (both instruments from TA Instruments, New Castle,
DE) .

10 Exemplary data of Storage Modulus, Loss Modulus and
Tan Delta are presented in FIGUREs 5, 6 and 7,
respectively. The polishing pad was coated with organic
polymer polishing agents by exposing skived Aliplast® (JMs
Plastic Supplies, Neptune, N.J.; Type 6A: medium foam

15 density and hardness 34 Shore A), using the above-described
grafting process. Secondary plasma reactants, containing
either Allyl-Alcohol, or Allyl-Amine, Tetraethoxy Silane
(TEOS), or tetraisopropyl-titanate(TYZOR TPT) monomers,
were grafted onto the skived Aliplast® substrate, under

20 conditions similar to that discussed in Experiment 1.

As illustrated in FIGURE 6, of the coated substrate
had a peak in Loss Modulus at about -20°C, while the
uncoated substrate had a peak at about -10°C. Thus the
peak loss modulus of the organic polymer coated substrate

25 1is at least about 10°C 1lower than for the uncoated
substrate. Similarly, as illustrated in FIGURE 7, while
the coated substrate has a peak Tan Delta at about 0 to
3°C, the uncoated substrate had a peak at about 50°C. Thus
the peak Tan Delta of these organic polymer coated

30 substrates are at least about 40°C lower than for the

uncoated substrate.

Experiment 3

The polishing properties of the polishing pads of the
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polishing pads, designated as “J60TR” and “J60SR,”
respectively. Both of the J60TR and J60SR pads mechanically
10 routed to afford slurry channels.

Tungsten polishing properties were assessed using a
commercial polisher (Product No. EP0222 from Ebara
Technologies, Sacramento, CA). Unless otherwise noted, the
removal rate of tungsten polishing was assessed using a

15 down force of about 13. N per inch? of substrate (about 3 to
about 4 psi); table speed of about 100 to about 250 rpm and
a conventional slurry (Product Numbexr MSW2000, from Rodel,
Newark DE). Plasma Enhanced Tetraethylorthosilicate (PE-
TEOS) about 10,000 A thick wafers having a deposited about
20 8,000 A tungsten surface and an underlying about 250 A
thick titanium barrier layer were used for test polishing.

The uniformity of tungsten removal across the wafer’s
surface was assessed using the same polishing apparatus and
conditions. Contour plots of the tungsten surfaces

25 polished using the J60TR and J60SR pads were measured
electrically by measuring sheet resistance at 49 points
distributed radially across the wafer. The average post-
polishing depths of tungsten removed across the wafer, the
standard deviation of the depth removed and the percent

30 standard deviation of the depth removed (PostSTD%) were
calculated from the 49 measured of sheet resistance. The
Post8TD% was considered to be the best general indicator of
the uniformity of the metal removal.

FIGURE 8A and 8B illustrate, respectively, the

35 tungsten removal rate (RR) and uniformity of tungsten
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Angstroms/sec, and uniformity of about 30% or better.
Moreover, after the first five samples, the J60TR pad
removed tungsten at a uniform rate (i.e., between about 60
and 75 Angstromg/sec) for at least 20 samples. Over this
10 same period, the uniformity of tungsten removal acrogss the
wafer remained between about 8 and about 12%.

As illustrated in FIGUREs 9A and 9B, similar results
were obtained using the J60SR polishing pad. Again, with
no preconditioning, after polishing the first sample wafer,

15 the tungsten removal rate remained at least about 40
Angstroms/sec, with a uniformity of about 14% or better.
After the first five samples, the J60SR pad removed
tungsten at a uniform rate (i.e., between about 40 and
about 55 Angstroms/sec) for at least 20 samples. Over this

20 same period, the uniformity of tungsten removal across the
wafer remained between about 3 and 7%.

The effect of polishing conditions was assessed by
examining the effect of varying the down force (DF), table
speed (TF) and carrier speed (CS) on tungsten removal rate

25 and the uniformity of removal. The results indicate that
the pads of the present invention have acceptable polishing
properties under a broad range of conditions. As
illustrated in FIGURE 10 for the J60SR pad, a removal rate
of at least about 40 Angstroms/second using a down force

30 between about 26 and about 31 kPa, a table speed between
about 60 and 100 rpm and a carrier speed between about 65
and about 105 zrpm. The uniformity of tungsten removal
remained between about 2.8 and about 6.5%. The highest
uniformity was obtained using a relatively low down force

35 (i.e., about 26 kPa) and high table speed (i.e., about 100
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illustrates the relationship between the number of defects

and polishing conditions, down force and table speed, using

a J60SR pad. The Sum of Defects in FIGURE 11 refers to the

10 cumulative counts of all 1light scattering events,
regardless of the cause. The minimum number of defects were
observed when using a combination of low down force (i.e.,
less than about 32 kPa) and high table speed (i.e., greater
than about 75 rpm).

15 The polishing properties of the polishing pad of the
present invention were compared to conventional pads. To
compare to conventional pads, A polishing pad, designated
as “SC4MS” was prepared using a thermoplastic foam
substrate comprised of a polyethylene foam (medium density

20 Volara™ , from Voltek) capped from a 32 mil thick layer of
High density polyethylene. To coat the substrate with a
polishing agent comprising Si0, the secondary plasma
reactant containing TEOS, was grafted onto the substrate,
under conditions similar to that described in Experiment 1.

25 The blanket Tungsten (W) polishing properties of the pad
was compared to two a commercially available lots
IC1000/SUBA IV pad stacks (Rodel, Newark DE), designated
IC1000/SUBA LOT-A and IC1000/SUBA LOT-B, respectively.

The comparison was performed using a commercial

30 polisher (Product No. IPEC-472 from Speedfam-IPEC, Chandler
AZ) and a conventional slurry comprising MSW2000 (Rodel,
Newark DE). Plasma Enhanced Tetraethylorthosilicate (PE-
TEOS) about 5,000 A wafers having a deposited about 8,000 A
tungsten surface used for test polishing.

35 Tungsten removal rates for the SC4MS, IC1000/SUBA LOT-
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to the average removal rates obtained over the courge of
the experiment. Cumulative polishing time refers to the
total time the polishing pad was used to successively
pdlish a number of different wafer surfaces. For the SC4MS
pad, after about 2 minutes cumulative polishing time the
10 normalized removal rate remained within about +20% for at
least about 58 minutes cumulative polishing time. In
contrast, the normalized removal rate of the IC1000/SUBA
LOT-A and ICl000/SUBA LOT-B pads, progressively decreased
from a normalized wvalue of 1 at 5 minutes cumulative
15 polishing time to as low as 0.6 by about 56 minutes
cumulative polishing time.

Based on experiments such a that presented herein, two
polishing pads are expected to have excellent tungsten and
copper CMP properties. Both pads comprise a thermoplastic

20 foam coupled to a ~32 mil thick backing of condensed HDPE.
Coupling is achieved via extrusion coating of the molten
HDPE on a prefabricated roll of foam. The thermoplastic
foam is comprised of ~12wt% talc, ~18 wt% EVA and balance
PE and has a hardness of ~30 shore A. About ~9 percent of

25 the thermoplastic foam’s volume comprises cells. The foam
ig gkived to provide a ~64 mil thick layer having a surface
with opened cells. Pads for tungsten polishing have a ~500
micro thick layer of amorphous SiO, conformally coated to
the concave surfaces of the open cells of the skived cells

30 and therebetween. The SiO, is deposited by plasma enhanced
chemical vapor deposition (CVD) wusing a metal ester
precusor comprising tetraorthosilicate. Pads for copper
polishing have a similar thickness layer of amorphous TiO,
deposited by plasma enhanced CVD using a metal ester

35 precursor comprising tetraorthotitinate.
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6. The polishing pad as recited in Claim 1, wherein
said concave cells have an average size of between about

25 100 microns and 350 microns.

7. The polishing pad as recited in Claim 1, wherein

said concave cells has a cell density of at least about 4.5
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cells/mm?.

8. The polishing pad as recited in Claim 1, wherein
said polishing agent is selected from a group of ceramics
consisting of:

5 Silicon Oxides;

Titanium Oxides;

Tetraethoxy Silane Polymer; and

Titanium Alkoxide Polymer.

9. The polishing pad as recited in Claim 1, wherein
10 said polishing agent is selected from a group of polymers
congisting of:
Polyalcohols; and

Polyamines.

10. The polishing pad as recited in Claim 9 wherein
15 said substrate after being coated with any one of said
polymers has peak Tan Delta at least about 40°C lower than

a substrate.
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