WO 2004/ 024393 PCT/ US2003/ 027249 A POLI SHI NG PAD SUPPCRT THAT | MPROVES
POLI SHI NG PERFORMANCE AND LONGEVI TY TECHNI CAL FlI ELD OF THE | NVENTI ON The
present iwoenwd/amas directed to polishing pads 5 usedPCorusessatizag a
snooth, ultra-flat surface on such itens as glass, sem conductors,
dielectric/metal conposites, magnetic mass storage nedia and integrated
circuits. Mre specifically, the invention is directed to a pad conprised
of a thernopl astic foam substrate and 10 having a surface conprised of
concave cells with a polishing agent coating the interior surface of the

concave cells. BACKEROSNPNEFPADESUDMORT | ik thembrovrsesbanégake pol i shing

(CWP) is used extensively r@sormNdanany itdesay que in the manufacture
of VLSI integrated circuits. It has potential for planarizing a variety

of materials in IC processing but is used nost wdely for planarizing

nmetallizied layers and interlevel dielectrics on sem conductor wafers, and

for planarizing 20 substrates for shallow trench isolation. In shallow

trench isolation (STlI), for exanple, large areas of field oxide nust be

pol i shed vi drEGHNSY QA CEIBLD | GH FHE tINUBNRLONwf er . Achi evi ng accept abl e

pl anari zation across the full dianeter of a wafer using traditional

et chi ng processes has 25 been |l argely unsuccessful. However, using

conventional CMThahpreséhe wafrentisnpadlsi shetkdatsddge pethanisql pads

pol i shin d a slurry of chenk%%{ etghant unmant%d
rert

wheel . a -1 W
5004/ 024303 P} USSB0S] Bxide P73t _oPedtRCeh A hPYRtdegr ee
of planarityitéhem | anky, mallddd evel seomiabhdaatoon, progessestreaghethevel in
the multil evel str%gture contributes to irreqular _, ,
composites, magnetic mass storé%e media and integrated
circuits. More specifically, the invention is directed to
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 (STI), 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



t opography. Planarizing interlevel dielectric |ayers, as 5 the process
proceeds, is often now favored in many state- of-the-art |1 C fabrication

pr ocesseswOHoglin2hmiel s of planarity in the netal |ayer CrassasorTN
objective, and this is pronoted by using plug interlevel connections. A
preferred approach to plug formation is to bl anket deposit 10 a thick netal
| ayer, conprising, for exanple W Ti, TiN, on the interlevel dielectric
and into interlevel wi ndows, and then renoving the excess netal using CWVP.
CWP may al so be wused for polishing an oxide |ayers, such as 5102, Ta2(b or

V205 or to petich mdd#idel |1®’Qre$no'i/'é@hw@$:hsb3hméh Falredi B éﬁaﬁaeieyare
however, several def|C|enC|es in _conventional polishing pad materials.

Various types of SRl s, MibbhlagepolPhre H&ﬁélO&MRﬁﬁﬁ%ﬁﬁ%ﬁe eﬁ?hon

pol yureas, flalel Om ROl @si1er,1 have skeettiuriecent rpeliceBi B8 iabkbil¥r and
hence are not used as polishing pads in their 20 virgin state. In certain

i nst ances, rRRRETRIY or %%@Fﬁ%%ﬁlnﬁe&%ﬁ??%ﬁvﬁﬁyd%?%%§¥6%ﬁ1%ﬂﬁ%ﬁsnaﬁérlals

ther eby reenderd Nroddein pisetadad N POl st NOnolOrLE¥LES C8T hah{ gaaEéLal s,
such as polyurethane based pads, are deconposed by the chem cal

aggr essi ve [tlodds |%ﬁfsF%ﬁrﬁé§r59a§FPPuePB?c?ﬁ%e§5 i et @H@%ﬁcannature

of urethane.pldhdsidy idecREPASELLON Pé@@ugﬁﬁeﬁ-é&%&&ﬁeoﬁ?éééi§ét'gﬂd'n and
of itself |n t he case of the pol yurethane pads which may be det ri ment al

to uniform gotishifhPremeetRery i weinmcRsug sﬂwﬁ%@V%dF@ﬂegﬁbﬂnféf A

material s usgd f ok - LMRR N NG 30 RAGSH IR IIIPHAVe ot BeaARRLT 8855
performance.” Such nodifications, "however nmay be tenporary, thus requiring

f requenchP r épltdriéttemeten AEYETeatRERELBINE hel ORI L AGboMd nGEY, @Rat i s
needed is f”tﬂé“&ﬂ%@%hé@%iFE%%leé%f@@ %9%4&%%63%%tBQIéUé§09§588%§49anaapabIe

of providing a highly planar surface during CW
then removing the excess metal using CMP CMP may also be

used for polishing an oxide layers, such as Si0O,, Ta,0; or
W,0; or to polish nitride layers such as Si; N,, TaN, TiN.
15 There are, however, several deficiencies in
conventional polishing pad materials. Various types of
materials, such as polyurethane, polycarbonate, nylon,
polyureas, felt, or polyester, have poor inherent polishing
ability, and hence are not used as polishing pads in their
20 virgin state. In certain instances, mechanical or chemical
texturing may transform these materials, thereby rendering
them useful in polishing. Moreover, certain materials,
such as polyurethane based pads, are decomposed by the
chemically aggressive processing slurries by virtue of the
25 inherent chemical nature of urethane. In turn,
decomposition produces a surface modification in and of
itself in the case of the polyurethane pads which may be
detrimental to uniform polishing. In other instances,
surface modification of materials used for CMP polishing
30 pads may improve the application performance. Such
modifications, however may be temporary, thus requiring
frequency replacement or re-treatment of the CMP pad.

Accordingly, what is needed is an improved CMP pad
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havi ng i nproved | ongevity, while not experiencing the above-nentioned
probl ems. SUMVARY OF THE I NVENTION 5 To address the above-di scussed

def i ci encwepo4(2¢393pr esent i nvention provides, in one emro@diSoenitn272a9
polishing pad conprising a thernoplastic foam substrate having a surface
conprised of concave cells and a polishing agent coating an interior

surface of t C ' S ANQgt nhodi .pre t
i nvention i s&g)laﬁbg_(%t %?P%%gll?r%%lﬁog 119;F%]rrlﬂlgl}glparl nﬁfﬁgﬁ sﬁ?r%gbpggﬁ E'il'll?i%
met hod conpriastgia hémpsoaes olopgeviting whiker moy askperfieamisgbsthat e,

exposi ng C%&k@éMﬁéﬁéfEh§¥%§HB¥§%§P forma surface conprising concave

cells and coating an i1'nterl surtface of concave 15 cells with a polishing
agent. In yet another enbodi ment, the present invention provides a

polishing a - onprises a nechanically driven carrier
RAARALHS op N AR

head, a pol g platenand a polishing pad. The carrier head is
posi ti onabl e agai nst 20 the polishing platen to inpart a polishing force

ag?inﬁt he poIH%Qi% '%%ﬁ”hqﬁ%e ghgggkggaggg?isd%%g%ﬁgﬁgﬁég th‘ghe

pol i shing pl aten d es olfi"shin ~The ' bod

conpri ses a giwygmpliastdrt fceampreutisiasgt en bae agbadimehaceacpspt sBefdgof

concave cellscfnd a Eoltshin ﬁg agenﬁ cgatiqg?an in eﬁiog surface of the

concave cel IR FHEPFLHPLHE n% §TBEPT FRedC pret®dt r Ed°§hE2 5Pt vdti e

features of dlvfquesemhpriyedt b8ncoachhrat ckhdse £k 13 efol Dshihg agénvny

better understand the detail.ed des%%kpt% ntgf t he invengaon thatF%olloms.
. |

Addi tional fERUES BF FHEBEE Ve SpECYERUFi HEdRer eMHAFEEF t hat
form t helo suleedingnt g ehel gEesbnthenvanendh ok dihese «skidd admeBhotihe art

shoul d appreclate. that, Lhey cag.igadily use tfie disclgsedsonceptfgn and
steps of providing a thermoplastic foam substrate, exposing
cells with the substrate to form a surface comprising
concave cells and coating an interior surface of concave
15 cells with a polishing 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 positionable against
20 the polishing platen to impart a polishing force against
the polishing platen. The polishing pad is attached to the
polishing platen and includes a polishing body. The
polishing body comprises a thermoplastic foam substrate
having a surface comprised of concave cells and a polishing
25 agent coating an interior surface of the concave cells.
The foregoing has outlined preferred and alternative
features of the present invention so that those sgkilled in
the art may better understand the detailed description of
the invention that follows. Additional features of the
30 dinvention will be described hereinafter that form the
subject of the claims of the invention. Those gkilled in
the art should appreciate that they can readily use the

disclosed conception and specific embodiments as a basis
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WD 2004/ 024393 PCT/ US2003/ 027249 for designing or nodifying other
structures for carrying out the sane purposes of the present invention.
Those skwbDl2ea/i2m398he art shoul d al so realize that suchPegaiSeaiz®nt249
constructions do not depart fromthe scope of the 5 invention. -4 WO

2004/ 024393 PCT/ US2003/ 027249 BRI EF DESCRI PTI ON OF THE DRAW NGS For a nore
conpl ete un tandi 0o e : 1.QN f j .t he
fol |l owi ng d(ek?(’:lfi pti ogﬂglrt?%kge)% rﬁbﬁ!gg%fl nc?ﬁ%% %ﬁ@kﬁé&gg%&nﬁ%%%%l%am ng,
i n which: 5dEtGUREe 1 spimeuspusReses boLf Ithw dveepemt anwenhodnior Theeparing
a polishing .he.present _i t]-Qn I il r i shing
appar at us, isggq&gdnt&%atgt%l ?g |%ﬂé§%g(g éflgbbr irc?gtle ugi%r?lé: %Hté heﬁ%ﬁ%ls%?% f oam
pol ymer madecastenditigns tde praserdepantentfnom 1ohe| GURDS i ¢f usthat es
scanni ng el .m.croscopy inmages of a surface of a thernoplastic foam
substr at eﬁoﬁ%k{%lggrng’sent invention: (A) after skiving to exposed concave
cell, and (B) after coating the interior surface of the cells with a
ceram ¢ polishing agent conprising Si02; 15 FIGURE 4 illustrates a
fluorescence mcroscopy image of a surface of a thernoplastic foam
substrate of the present invention after skiving to expose concave cells
and coating the interior surface of the cells with a ceramc polishing
agent conprising S 02; 20 FIGURE 5 illustrates the Dynam c Mechani cal

Anal ysis showing the rel ationship between Storage Mdul us and Tenperature
for a thernoplastic foam substrate of the present invention (no treatnent)
and the sane substrate after coating with various organic polishing
agents; 25 FIGURE 6 illustrates the relationship between Loss



Modul us and Tenperature for a thernoplastic foam substrate of the present

i nvention before coating (no treatnent), and the sane substrate after
coati ng wWOhowmziu3as organi ¢ polishing agents; 30 Fl GURETUSRéd3021240t es t he
rel ati onship between Tan Delta and Tenperature for a thernoplastic foam
substrate of the present invention bef ore coating (no treatnent), and the

sane substr R ijg anic polishing agents; 35
FIGURE 8 il I%LR;\?:'[ rat]:gﬁ'rss E}E ]{&%]e\MrFtenoﬁ\% ate (RR) of -5 WD 2004/024393

PCT/ US2003/ 02724%F o1t umgsbea tpoplehe smdeaceaoldingf erfs, tmdiﬁﬁénthen

uniformty of the surface of |sh S waf er Post. STD), ter
chem cal mecﬁ‘uanl caﬁcepo]ﬁ srh(?“ﬁgl“%m ng a e?Cdkﬁ)ol in ng dg% ‘fh%tl?ﬁl %

i nventi on hawi ngprg waertairare wialld sthien gcagemiany3 ngodpanwdingg TnOdhiEhGURE 9
illustrates: (A val . rate RR) ungst.en from_the surfage

waf ers. ahd (B CHEURR rbr MTYECEr the Str FASH° SHEGBRICnet ettt ﬁgﬁers

( Post STD) refeperr irghempesl i steiehamachlo fpalhies pirkg etnsi Agv@ngdbinghi ng pad of
the 10 present h cerani c.polishi ng agent

FGURE 107511 st AR e YB35 S wRSH S REeRS: ABPARehgectBRInaLRY: or
speed on th@ (ﬁbl&eﬁ&mgl pade (RR)icatadgstienngnda ( Bheumiopaamictiy ofobie

pol i shed surf ce of 5 waf er. (Post gl-{:‘i@s usin polishing pad of the
present in G F TR i %&eﬂPV@%P%l ng Si 02;

FIGURE Lbill ust rRiERE he r el atkonsbép heiamgermdgow ares, ﬁlﬁbk@séép?d and

defects on the polished surface of fer using a polishin ad of _the

present inverltd RafPR§agepaFi ?hl%xé‘é)éﬂta%&?prfio%ﬁ‘%gs‘é?%tﬁa%%doﬁ GURE

12 i |l ustratese preypd isvensfiohhe (npramtézeatkiving to exposed concave
cell, and (B) after coating the interior surface of the
cells with a ceramic polishing agent comprising SiO,;

15 FIGURE 4 illustrates a fluorescence microscopy image
of a surface of a thermoplastic foam substrate of the
present invention after skiving to expose concave cells and
coating the interior surface of the cells with a ceramic
polishing agent comprising SiO,;

20 FIGURE 5 illustrates the Dynamic Mechanical Analysis
showing the relationship between Storage Modulus and
Temperature for a thermoplastic foam substrate of the
present invention (no treatment) and the same substrate
after coating with various organic polishing agents;

25 FIGURE 6 illustrates the relationship between Loss
Modulus 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;

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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renoval rate of tungsten froma wafer using A) a polishing pad of the
present invention, and (B and C) two conventional polishing pads. -6 WO
2004/ 024396 2pa1024W82003/ 027249 DETAI LED DESCRI PTI ON The pprasseons/opTeent i on
di scl oses a polishing pad that provides superior polishing performance
over a longer working Iife, as conpared to conventional pads. The 5

present i NVeRE(Ut BX Bt %htehguisfgaé%@lwamsecm ze9 AdVAR| AGER1Q) using
a thernoplastic polynmer as the substrate ‘depositing a uniform coating

of a polishidfg th@g@lﬂrf@ﬁ?%&fc@@élééleﬁs Sﬁ@pﬂ@dwaﬁet:ﬁe (Bapst $EPE: saEueFace by
skiving. It dhasbean n@afaql\i%raqdptohatshm% LBEGE! Qr pSYE AfBgl a8f oEhepgoncave

cells formexcellent receptacles récel vi Ng a uni coating of the
pol i shi ng ag&fRSeTthoubvempon i rﬁl@thgt hé scsFamic t molplr%l'sierrﬁ i ayenti on by
theory, gt dsndWiRetRestized that the center of the concave cell serves as
an excel l ent nucl eati™ng p6| nt for coating because 15 the surface energy of
the cell at the CEWEE i3 Rdhestrares:i SAjeltlew edempuelt Hetini (ARt i of of

coating at thidapathop tﬁ@cé\nﬁfﬁé‘&ﬁe p@faﬁ%ﬁ%é O”Hdc%‘?r@ﬁ %%/f&‘?mi@{}e“ or

surface of t e concave ce ng agent
facilitatin@f Rdepaitinshiasy qfepbéﬂﬁhﬁdesafnpéepudfham rﬁ@os‘ucﬁTDQD afserf ace.

Th Ki ] i gHi
e term Skidtidhd 25 YRRANARNN JXBANG;20Y LBEAGCS B o AU paNAYr AL LI N

| ayer of the sub pose co Ve cell's within
t he therlxﬁ)plmae:ntf oamvgmltbmm ateavBagvi ng mEyrave cachb@hisshirsd ngagayt
conventi onal o%,g) wel | -know to one of ordinary skill in the art.

The term cel1” s use heré’l’n refers to any volune defined by a nenbrane
Wi thin the subst rPdICéJRE:c’lLDplléduthitle,s tbe efliectgasedousefloasebl oabhg

agents, dEﬁiéBég%.aand carrier speed on the (A) removal rate (RR)
tungsten and (B) uniformity of the polished surface of a
15 wafer (Post STD) using a polishing pad of the present
invention having a ceramic polishing agent comprising SiO,;
FIGURE 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 invention

20 having a polishing agent comprising SiQ,; 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.



substantially concave cell fornmed upon skiving of the 30 substrate. The
concave cell need not have snmooth or curved walls. Rather, as further

i1l ustratwo 2000/ 2®3Experi nental section to follow, thePCOrusass/oeehés nay
have irregul ar shapes and sizes. As further disclosed bel ow, several
factors, such as the conposition of the substrate and the -7 WO

2004/ 024393 /. 0 nProcedure used to prepare the foam

substrat e, rl?ég};al ?)%'[SQ%E%&%gpe and size of the concave cells. One

enbodi nent of the |nvent| on is d| rected to a polishing pad conprised of a
t hernopl astic fo substrate V|ng rfacec I of £ eIIs
and a polishing En TES T dnvﬁ i ﬁtoélr |O%‘Lrsc;iur acé g}rml &@av%)r@c%lfs
certain errb@didvdrcﬂtesa tshpetrlfllelrnopchMhmgﬁom:sﬁmsnamGe OREr canplomsger
cross-|inked pol.yol efi such as pol | ene ol opyl a

conbi nat i on@’otr E ?ﬁ et ai v ES 5%/1 £¥r et %g %a’t%ﬁé "the

t her nopl gst ipx-fseain sinbsémtaiml S ezqdrmrﬂseﬂhef pa»eczllmmdycahmré@@gnmed

crossl i nked honopol yner sto copol yrrer Exa of cI ed cel | foagén
crosslinked?® Sirer¥ cdtipsi iy aé'°h yﬁ%?rude T aTM
and Vol extr a;wg‘trx@:ﬁevmdxelde@mm@e,a M%)lﬁon% |¢1$aa§ntﬁa\/loﬁ r®npdbi g

Pl asti cs Supp I nc Nept une Senflex T-Cel 1TM, (Rogers rp.,
Roger 5. - CT) aEHin e GoUroEP et E AT TS 5 EFBSCFRIRGE BOLEPSRers
conpri sing I@@d:yﬂtdagyl ene an¢ bebhybepeovemygl anatatne(a/@éridagl sigefadol araT™M
and Vol extraTM (from Vol t ek rp % . Senf ATM fro Roge s Corp.)
o 3 5 Hoaitn (AT, PEALE cEOS. PrESt FEat SUbRFSP LRSS ot her

preferred erﬁ&@lmqmgﬁ,a hh@f@kﬁséda@ﬁhé <if>pacme ip»laedahics adeat . a pm@m@lhof
crosslinked et héﬁene Vi n)(él acetate COE‘ msr and. a | ow, de

o0l yet hyl ondo o BCSbRe PEr BBR, PREE GO AEBOE LOn IOk HhSBEGt 0. 3
gmcc). 25 lit yet ofhRitnevaebagaqus en@o@ermrétxs,oﬁ henbl enshdwse acell

serves as an excellent nucleating point for coating because
15 the surface energy of the cell at the center is lowest. It
is believed that the initiation of coating at this location
facilitates the uniform coverage of the interior surface of
the concave c¢ell with the polishing agent, thereby
facilitating the polishing performance of a pad having such
20 a surface.

The term skiving as used herein means 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 used as Dblowing agents, defining a
substantially concave cell formed upon skiving 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

-7 -



et hyl ene vinyl acetate: polyethylene weight ratio between about 1:9 and
about 9:1. In certain preferred enbodi nents, the blend conprises EVA

rangi ng fwormatnuio35 to about 45 w % preferably about PETIUS2@B30012425 W %
and nore preferably 30 about 12 to about 24 w % Such bl ends are thought to
be conducive to the desirabl e production of concave cells having a small

size as furthiey ﬁ%ﬁb@é%&e%arét the FORLE RIS, gah:%d GiRpdi FROLE, the

bl end has a“et hyI ene acet pol yet hyl ene wei rati'o between
about 0. 6: 9.thearmhag® awutsiregof. £he goagevensed 1pref erred enbodi ments, the

-8 WD 2004/ 024393, RCTLUSA0LAPT2A0 chLenchias. ot bl e il ro 2

acet at e: pol yet hyl ene werght ratio between about O. nd about 1.2:8.8.
In yet ot hercddwritigyand @@mafﬁtcsf ah@hexm@pmtmtf@amowb%%%wate

may be char g Catvg;ﬂg(z:%ds f%fgéé'g §1§é B3 1 %,8vLens: | o5 ol b' e

mat eri al . ess Teas Ur |ng |nso ubl'e materrals 1s we
known to thmrm‘ coredi imar ynskntermrtmréwe Sudtheroresyes CEray - | ni’ﬂ@l ve,
for exanpl e,

fol | owed by &?—‘yt%ﬁlé*; ég%lr?&péa}%%%ﬁe %‘g&y“l“%ﬁs ooagt‘ﬁéel ‘?géslﬁﬁd‘;@% mo‘g?%bl e

mat eri al to ddmprigeedégess+ binled epoéyoleﬁlnev t @iuche rispdpeEvieshyldéee,
t her nopl asti ¢ f trat a | d hout te I n
Th prefd ry%gggé)r}g]}%’f 2% HRs h%m%%e hataug %ﬁ Pt?é{ o

certain n‘ents the ce are substantially er0|
ot her prigf erp*x&tf@rimtilewmuc’s,maﬂw sithe dhetrhepleeklis éoemsauhsthate Da

skiving the subslt rate, 4he qpen %%rﬁa\égaﬁ‘el % igésswgkggrﬂgﬁg%g%y&gg

substrate have*a averag Je “si°z€ etvveen a m Crons m crons.
The average cst zeop@lymersoncaxampéblss ofangessdd-armldboina 00r@8s1 bnkédut 350

i crons, preferably about. 100,19 abgun 2501 Hher 088 204 1RAE, RiSTSLA! Y
and Volextra™ from Voltek (Lawrence, MA); Aliplast™, from
15 JMS Plastics Supply, Inc. (Neptune, NJ); or Senflex T-Cell™
(Rogers Corp., Rogers, CT). Examples of closed-cell foams
of crosslinked copolymers comprising polyethylene and
ethylene vinyl acetate (EVA) include: Volara™ and Volextra™
(from Voltek Corp.); Senflex EVA™ (from Rogers Corp.); and
20 J-foam™ (from JMS Plastics JMS Plastics Supply, Inc.).

In other preferred embodiments, the closed-cell foam
is comprised of a blend of crosslinked ethylene wvinyl
acetate copolymer and a low density polyethylene copolymer
(i.e., preferably between about 0.1 and about 0.3 gm/cc).

25 In yet other advantageous embodiments, the blend has a
ethylene vinyl acetate:polyethylene weight ratio between
about 1:9 and about 9:1. In certain preferred embodiments,
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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Cell size may be determ ned using standard protocols, devel oped and
publ i shed by the American Society for Testing and Materials (West
Conshohocwerepo4ray3o3f or exanpl e, such as 25 ASTM D3576, pcmamseqsatesl herei n
by reference. | n certain preferred enbodi nents, where the shape of the
cell is substantially spherical, cell size is approximately equal to the

mean cel |l di r n e L S B[E%i i foL | e,
gel | di anmet gﬁrgﬁé&gohfj‘%nc? F%&iggggg tﬁe A%ccroé%tag%%gfq?’%g- %ol ;Slr?er‘g%le%?ngse
i scl osed byreRdredbetatecal .ahPutABpI6.: REl el adout Vok.: 868, 1998
1237-1244, i ncorpor atlgedC by r.afes e_ncgd‘pﬁf%é‘ueo‘fg di&%%ﬁg DY 'ngeghgt al .
re

bul k density and Cel | ‘déensity are inverse at ed. use, I'n ot her
preferred erfiodimmyitesst itchEodensitbgt oht8onay v vdhageldteratzedhesshavine of

t he substrate ran =9 04/ 02 PCT. /027 ween 2.5 and
about 10 ceqﬁ s??’n%g‘? gr]?&u%\grggsopw{éfe@g%?,e {)n(%%\%glg%eabouﬁéggff?g‘%d 10 ©

cell s/Mm2. Q@etdcetensidy megsbeingleferenamehsdbublexamteridlonivi wadl -

i nspection qf mcroscaopic i-ng t he. substrate' s.su e

t her nopl astﬁ%‘?wd'éﬁ_hosﬁ%%‘gtsﬁ?g ?r%gf?% h%?l]z%r%ﬁit?lee atsﬂ):'t ghgﬁ’oﬁfé‘égg%% of an
i nor gani ¢ findyerimmedlerd alforTleanpler,gdnigestiilonepfmahiebblendpinsEdleheany

Goup I, Gaog I or Transitl I |l _known to_those of_ ordi

skill in thl!f;oq“ﬁarz't4 t}boql?ﬁ)a?r 1%82?’} gg)ltlgofﬂ\rle@néyugje:%gg &0For % afbn?ugﬁ%zant
propertiles tweidite: f oam subst r atesidroal exanpbeyubléhe manerdgadi ¢ 4o | | ehemay be
selected from t%.[eqﬁgﬁr ou cor{si sti-ng of Talc, Titanium Oxides, Calcium
Silicates, RERCIImMCE Tl dgnesi um Si l i cates, and Zinc salts. The

thernopl astic foam substtaie, edboditannsprefedre edclidrmobbaksinbnt sfoam

compri sed ol abuLe Al i Tshpe LR QNCTneibad ey g lLer oo ses

(about 1 certain preferred embodiments, the cell are substantially

15 spheroidal. In other preferred embodiments, the size of the

cells are such that, on skiving the substrate, the open

concave cells at -the surface of the substrate have an

average sgize between about 100 microns and 600 microns.

The average size of the concave cells ranges from about 100

20 to about 350 microns, preferably about 100 to about 250

microns and more preferably about 115 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 size 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 dengity and cell density are inversely related.

Thusg, in other preferred embodiments, the density of

35 concave cells at the surface of the substrate ranges
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wt %, and other additives and pignents (up to about 2% well known to
those of ordinary skill in the art. OQther 20 conventional filler materials,
such as tweat2oe402emBed in U S. Patent Nos. 6,425,816 an@Ce/us2& 380349
incorporated by reference herein, are also within the scope of the present
invention. The thernoplastic foam substrate al so desirably has 25 certain

mechani cal pMORRId] 65 4 o f@cibbiat eopobbshingm, SPegi fifal bsalefél_ﬂgbly

t her nopl astic foam substrate nmust be capab ezof def orm ng” during pol i shi ng
to an ext entoetigan calkeritt t 00 aPREwlORe dedilisgimimlg ageitl ctensiy tmay bateri or

surface of IN&&ANGRKE Cotbe CRxLALLITAkecRD RAIEN NO:ndfellfdal Noe
enbodi nents, for exanple, the thernoplastic foam substrate has a Tensile
El ongat i on bt REEGPRErD UMaEFE/0CEN - Heeh Ao s8aE%e ' [sn seerfiegien pref erred

enbodi reny s, | Tensile (MO IS fRARLEDANL 18074 ARERaaDaUI200 1N

yet ot her enbodi nents, El ongat1 on I's between about and
about 800% WRens? | abehpngat Wbk ofl NG rEem oz 303l IRST/Ww820031 027298 may

be determn iNg sta K c ik 75, } porat ed
nerei n by rorraa S AN RO Bt el BT Ay bxDHRTT, LBOERLEID G
conpounds orowrikransHpren dfefenl cvepbl yimeown testhosagofrondibathesigialting
of the seco r e n o] S e 'S di scl.osed_j.n
Gbeng and Yg%?e¥ﬁgi%%%?p%?étg%égﬁ%rgg% %%é%ﬁe?%%%%fg%%gé%éréﬁﬁgﬁbo?%shing
agents ey lodmprday ardipergas coetlkd Doduesulesutaiag wien araorygen-

cont ai ni ng n li.c, can djs.u t sec ry.10 reactant to
produce a g?% gé&%ﬁﬁ%ﬁ%&. Eggﬁggan%$§,%ﬁge%%géggﬁﬁgr3ﬂ%ﬁhs%éeﬁigfﬁ? may
i nclude a tramssistomgrevll Taduch Bstaniami OxideangdieEse,unnr Sf antatam

However, any,yefal &LepshLeSaPRY: o el NA- & 40! athle prgangrptal lic

The thermoplastic foam substrate, in certain preferred

15 embodiments, is comprised of about 17 wt% Talc. In other

embodiments, the filler comprises silica (about 20 to about

25 wt%), zinc oxides (about 1 wt%), stearic acid (about 1

wt%), and other additives and pigments (up to about 2%)

well known to those of ordinary skill in the art. Other

20 conventional filler materials, such as that revealed in

U.S. Patent Nos. 6,425,816 and 6,425,803, incorporated by

reference herein, are also within the scope of the present
invention.

The thermoplastic foam substrate also desirably has

25 certain mechanical properties to facilitate polishing.

Specifically, the thermoplastic foam substrate 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 has a Tensile Elongation

between about 100% and about 800%. 1In certain preferred

embodiments, Tensile Elongation is between about 100% and

about 450%. In yet other embodiments, Tensile Elongation

35 1is between about 600% and about 800%. Tensile Elongation
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conpound, such as netal ester contain one or nore oxygen 15 atons, and

capabl e of being grafted to the polyner surface is suitabl

e. Silicon may

al so be ewpl2oged4ms the netal portion of the organonet 2CTius2eB00TdAr Y

plasma m xture. In these enbodi ments, the organic portion
organonetal lic reagent nay be an ester, acetate, or al koxy

of the
20 fragnment. In

preferred enhagiengs, .1hen08! L80LB9 RIRALAS pr3elecned fam & gr fupyof

ceram cs consi'sting 0O i con des an ani um Oxi des,
Di oxi de and D3H1%niinmdipedaded hetmedet yx yedidrgmeeRol yer ;
Al koxi de Pol ymer.

such as Silicon
and Ti tani um

25 : t
produce the cer anrlljl}:e %Lﬁinjglhﬁ% gégibﬁ‘%t m%grﬁé%@%c%ﬂgﬁ?%gpﬁg%&w

react ant maycdmsiwdis czonmie apkorgre stramess patynerampeasaltahgofvds,

. | * _ ) e i f ,
ambod ment o it e U D8, Ry, R L s, 0B BEE SLhECrare e

enbodi nent s, e Sé

I'tani um

esters, tantalwfmed koxs déssclosédding tCGerg lamd@l Xoklees inherponatéd
al koxi de portion has_ 1-5 at X n e C i.on_j
hereirn E)gxinaeefgﬁ! QL »  c280ged ﬁ%ﬁﬁgfé%e tl:s mb

wat er; manganese al i'§sol ved i n mneral
manganese 3rcnetidacet dnatrgandkumehain ek ke iwkss) 1 il o xwhead

ganese atet at e;
am oxygsnp- -11

WO 2004/ 024393 PCT/.US2003/ 027249 - -al um_num Oéi des: z&rco Lum al kOéi (lj S,
a gfegecon arv.

n
wher ei n t he &K ﬁggafpgleggrl%&r? abohs Al k%x%/s% rcsoﬁ‘

magnhesi um

acet at e;10 anckamgnesi twn acedytaceat oratfe edOsherf serhodi Fent sxanela) sohe
contenpl ated for the se;ondar ﬁﬁg(l asnma nrrleact an%udf or %exasn%l[e al kgxx

sil anes and TTOHEIARY KBXYSUF | BH&ES UATd MRMORT A OTi faniith st 'srs ARdhat er
titani um esteuch and tdkeahols, mnddress unoestensadna.ozddewevt or aayi vely,
the pol i shi ng, agent, Ty Comrhse &k L3N PIYTR1 S B20a80080A 1 1c

conpounds ar

compound, such as metal ester contain one or more oxygen

15

20

25

30

35

atoms, and capable of being grafted to the polymer surface
ig suitable. Silicon may also be employed as the metal
portion of the organometallic secondary plasma mixture. In
these embodiments, the organic portion of the
organometallic reagent may be an ester, acetate, or alkoxy
fragment. In preferred embodiments, the polishing agent is
gselected from a group of ceramics consisting of Silicon
Oxides and Titanium Oxides, such as Silicon Dioxide and
Titanium Dioxide; Tetraethoxy Silane Polymer; and Titanium
Alkoxide Polymer.

Numerous other secondary reactant may be used to
produce the ceramic polishing agent, however. The
gsecondary plasma reactant may include ozone, alkoxy
silanes, water, ammonia, alcohols, mineral sprits or
hydrogen peroxide. For example, in preferred embodiments,
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 acetaté; manganesge

acetylacetonate; aluminum alkoxides; alkoxy aluminates;

-11-



10 secondary plasma reactant. Exanples of such secondary reactants include:
allyl alcohols; allyl amnes; allyl alkylamnes, where the al kyl groups
contai n Iw80ewta3v3 atons; allyl ethers; secondary am nesT/ushesm e al kyl
groups contain 1-8 carbon; al kyl hydrazines, where the 15 al kyl groups
contain 1-8 carbon atons; acrylic acid; nethacrylic acid; acrylic acid

esters cont ajqipfgy y & GRan 3|1§tc%m gnameﬁme'sc ﬁﬁé9é§nc9ﬂéa?i‘kc5"ﬂlée8

carbon atons: or vinyl pyri vi nyl esters exanpl e, vinyl
acetate. |n hger tlaﬁncprbfmra@m%nbaﬂdiqmﬁt@rwt@@m @hgngszgma@@ﬁtat%,

sel ect ed er?k? g&gﬂgsQmeQégﬁziécgegﬁééé'r“bﬂﬂér-?%b%@; QhelS 280,150

Pol yami nes certai n enbodi e coating of polishing agents may
advant ageousiqnt@mtgé-labtd@e [ﬂ%l ddte prmmi@?y ofplagiea subsaebart conpPt si ng

the pol ! Shi NG Rfdte | NafRELD! I 2Pl BledopnRed! Nl Sy o|.sﬁ. QP! gna ! he

substrat e, ei ng an organi ¢ pol ymer g agent, has
peak Tan Delatnancmla,eatsitmm ¢9@ehf6\lveamd heatehe und;@mlelm eta‘teﬁ*nﬂ)pdila@tl c

f oam substraa:t ohlorl q_Lrur dcehodipent s, the peak | oss nodul us of

f
the organic po yrrer %coat% strate i°s"%at" éast about 10C | ower than
for the uncoat edﬂslﬁbmartat\eel}fl'hetbealpdﬁawh@eﬂgt agenk prak loswpridslubos may

be determ ned 6)'f1ncg %&f é]géjes%}qfeﬁu 4 ar%@?‘&%hg%c@se@ E}/S{__ﬁe wel |

known to those y Skl anot her odrnent of
t he present geamvenidmgn p$aama- Jzzaamm/ 0 39 1RET/ U528/ 27F240ndary hod

for preparin O|IShIn d. T g ro aram depi
FI GURE 1, H‘geafﬁa HEF 1689%?)1%“ s‘%ﬁs Tﬂ: 1cotn S6f pr%gi mlnaest’heg%gg?‘astl C

f oam subst raﬁ]ﬂqﬁﬂa&qme&xpowhegecemes a:myw tgnqunshecenbainatleet ochoboma
surface 5 COWR%&ilnglEOTC éié%%;lssgggngg%§J é%lnes,nteﬁégé %ﬂﬂgagfkyl
groups contain 1-8 carbon; alkyl hydrazines, where the
15 alkyl groups contain 1-8 carbon atoms; acrylic acid;
methacrylic acid; acrylic acid esters containing 1-8 carbon
atoms; methacrylic esters containing 1-8 carbon atoms; or
vinyl pyridine, and vinyl esters, for example, vinyl
acetate. In certain preferred embodiments, the polishing
20 agent is selected from a group of polymers consisting of
Polyalcohols and Polyamines.

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 substrate, 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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130 of the concave cells with a polishing agent. In certain preferred
enbodi nents, providing a foam substrate 110 includes preparing the
substrat ewDaodahisde cells within the substrate by a f@amiusgogsroress 140.
The 10 size of the closed cells within the substrate affects the size of
the concave cells ultimately forned on the surface of the substrate.

o feci o e d Hn el skt Ay ek gl s

herein, for certain amouni § Of et hyl ene Vi nyl
acetate 15 chpgnamdegidtedl yiet MICGRIRE Any the wehhedl Led r:nmpr@leeSt*@he

advant ageous,) a§de yst ptl%'%,lzil % éﬁnogfl%@-&“iecd 985&1”%&&%1:@%‘3”1?9

process. |n addition, oam ng process used may resul
di fferent c@}tp;)%lmges:elllns cezQ avm}enbomwmhstt@te eikanpben arevifaag the

20 substrat &, )]R#Qflr@_){l gl e SOl T r%cﬁ‘ecéé‘ﬁﬁ%p%ﬁsihﬁei s?i‘f?ﬁéoam ng

process T40.° process we know o those nar e art
may be used. 13|Uweaﬁ9rtdrae33>rrmve iqedl ideyitflor @cdnwhengala@mtng 142 t he

pol ymers conpri si e 140 al so
25 include cr Osslf'r%k?%P€?§<#Lf %%rf%tegfe@%@(?an% bg?o@?ﬁﬁigugé} njl'gggm
irradiation sn:bsjh@tna:eﬂllmeamlmdneacpwavalmg oslséd | ﬂkbagraﬂ'daetpr mne&sdmay

e e TG, S0 e 8L e SUBLERLE S0%.,0l opng BgEnt
a convertd orsd zalief 1elkde t@lcb@edn shkks swmthmhots]ed subbtrébarrafféhEsptbeess
130 used 10 providle e Subslyet s ot ehaalhitr oy scl gredigelleloam
aver age sizeobftlretsvdeswdiont 198varal ofiscants aabbﬂdacﬁOf)he &3z8\>P00UE£024393
PCT/USZOOB/O%ﬁ%ﬁgi g% [gns agg anggéé q @%w eﬁg EEré$SSt:§£Pugeétgln
cell s/ me, '
embodiments, the relative amounts of ethylene vinyl acetate
15 copolymer and polyethylene may be controlled in order to
advantageously adjust the size of cells produced during the
foaming procesg. In addition, the kind of foaming process
used may result in different cells sizes.
In certain embodiments, for example, providing the
20 substrate 110 may include preparing the thermoplastic foam
by a foaming process 140. Any process well know to those
of ordinary skill in the art may be used. The process may
include, for example, blending 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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and nore preferably a size between about 100 mi crons and about 200 m crons
and a cell density of at |east about 60 cells/m2. Exposing cells 120 to
form a suwbaoer/wasvpri sing concave cells nmay be achi eveaCoyusasng/027249
conventional process well known to those of ordinary skill in the art. For
exanpl e, exposing 120 may be achieved by fixing 122 the 5 thernoplastic

foam substr ahcdnd PhANACSU (RER1tNds gut 1&@91;1360@&@? JaVEL /rlide €
bet ween about 1200 m crons and abouf 2000 microns) fromthe surface of the

substrate. #PdcBerai RrpLeraPlyd ferfiod mefiweenkiowy dP0cmicikags12ad may
e cher ! o Mecisl % fo ik YDs AEMECE BV NaBRe R BR e BEEY LHBE Yo

Fecken-Kirfel, (Aachen, r many at1 ng e Interior surface U can be
achi eved usiegllsfrangrafting procedure disclosed in U 'S. Application

09/ 994, 407, incor h i-n. by ref eren Thus,_ ] certain_. .
enbodi nent s, coaﬁ%ﬁ%ﬁaa cg%%¥g%e¥gypog?ngﬁgﬁ% 1 i%ﬂ€;%%ﬁ' g&PPgéglfg_an
initial plasrencaecteantls lvaypbasaahievadt bpt pny38ochveptiducd aroveiski ed

surface ther i y fur i exposing the nodified
surface to éﬁgg%oﬁ§§?§ g%h§%§°$%a8%aﬁ%%§5ﬁ%9gﬁggﬁgl %gaibgnf?ni37 g8rcreate
a grafted suefamelon ekporndgf iled 2Mbisubé aeehithedgiaf t &k f 822 the
conprising t i shi ent . of .the primary_and secondary reactants
or proce%ur%g?%ﬁééﬁg%ég%ilw!BFS.SQQ Eﬁ?tipﬁwfcgtiB%anﬂﬁ. S %ﬁf¢,45?%nay be
used in the guiafinggl Pt ccedsin dagat (hee. pildtshiglg aagent 100 ot ke cicoher i or
surface of the.cagncave 25 cells aof the bstrate of the present invention.
In certain a??%r%é?‘&/ez Oe(ﬁ%dﬁcf?%‘?ﬁsé tE" ¢ ﬁb’ﬁfé*é’ﬁ @f_ F@&msélﬁﬁgﬂfﬁgtee is
coupl ed 150 t® aestiaif @&@K@&&e@@ﬂdo@iimerﬁs@“é]&i%!@ﬂ Ehptiggt Rea
conpressibility and elgngation ,of the foamduring polishing, which in
turn, reducém%¥09?096§ OZREISHIHY S FREMHOH HS R Fret BCH RS shi KEOFRa CMVP
In 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.S. 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. 1In

certain preferred embodiments, the stiff backing material
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certain preferred enbodi nents, the stiff backing material -14 WO

2004/ 024393 PCT/ US2003/ 027249 is conprised of a high density pol yethyl ene
(i.e., grwatees/0283van about 0.98 gnicc), and nore preferabmuseandderrsed hi gh
density pol yethylene. In certain enbodinments coupling is achieved via
chem cal bonding using a conventional 5 adhesive, such as epoxy or other

material s well kagut 10y $05,sii iy Uha Ay B Other, pr BtenEed

enbodi ments coupling is achieved via extr at1ng of % he ten
backi ng mat efhan et the®§ aamicd)n smid moéﬁh@rreém@@zlryenbsldenhedbm@hng is

thermally weddatido p0evd oAl e, YeinanoLhatneahndy %QRE?GGEE%%?S%

inventionis a p ar at us ustrate
appar at us 208chkevedprisad @heallnr@dharhqmﬂnlrgg drissarg caar i eonvisadoRal, a

Dl i nds Pl NELE50; | LhERCALTLB0x0oRS, Thheb i ORI 1 0PD) £nB0A) BE1 L he
pol i shing platen 22 to t ol i |ng orce agai ns e pol i'shi ng
pl aten 220. tixbee apblaibedslzo(’alﬂajratﬂter Imcduldes prpﬁérshiingmbadlﬁ@ﬁts

attached to n : ldsh 3 |
t her nopl astlé(g"?%am g%tggpkg%g ﬁ’é\% r?m%"%g‘ur aéf:éelagiﬁ%d Og rgllnseg1 Eg concave
cells 244, Theclpohg s’mﬂngriz@l boyo 236 fﬁsn’atrrherln rs;ctlludestheprolembbdmgleagent 246

coating the ﬁ@tﬁéé}?{nﬁu %% Vg&giec(gg__&av% ceé | s 244. In certain
e po

preferred e di men S capaabnlle of polishing a
netal 25000n a deY/etceanetlherramleo@ﬁ@exsmmbﬁc’ehé%raseatr eénoveatioat ésob at

Least 29 A0 A0S LATRESSENY I, R e L1, DeLigRR Shoutyc2e ane
speed bet vveapmntuﬁ&mdabmnpriﬁédrpma nidrtenviers 1 helrienoy abrirabe nay
be oLt 2L 1e0 0 A00NE, o RO RIS EYC AAL1 SDLAD LUt And g
being positionable against the polishing platen 220 to
15 impart a polishing force against the polishing platen 220.
The apparatus 200 further includes a polishing pad 230
attached to the polishing platen 220. The polishing pad
230 includes a thermoplastic foam substrate 240 having a
surface 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 1is capable of polishing a metal 250 on a device
substrate 260 surface 265 at a removal rate of at least
25 about 40 Angstroms/second using a down force between about
26 and about 31 kPa, a table gpeed 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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cunul ative polishing tine as used herein, refers to the total tine the
polishing pad 230 is used to successively polish multiple surfaces, such
as the suwbaoe/@6®30f any nunber of the device substraPe3/uBe®3/0318N as
sem conductor 35 devices on a wafer. -15 WD 2004/ 024393 PCT/ US2003/ 027249
In other preferred enbodi nents, the renoval rate of the netal 250 during

pol i shing of the fieVieReSULiRERr2E5 ShEWFRIAS ML it 2hout 2006 - MDE eyer,
the renpval rate may_ attained in about 2 mnutes cumulative polishing tine

and 5 mai nt afARITEBALaR5Pe St iggo oSNt Eignuflavive spsEashi RGStI ne.
In still ot hetnplef effedi erbodimenicy . t M rd®id!, 23 Lemek g%a@gf hap the

group consisting of copper and tungsten. In_particular preferre
enbodi ment s, 2 Ringgdt 4 2bgukoRphiBusesufigstépt ivadrphésténpceimar fade 265,

10 after poljshing:,bas fogefact densi USRI CHRONARALY | B8R LRaeAbOUL

125 counts/ 200 mm wafer using a down force of | ess than ab and a
tabl e speed Rflbshirasiindout In78t bpn oteeli thusie regt cdibestimendss t hbe

appar atus 200.¢RY 236 L0CLUAC.EEORKER" LD EADI LEh LBInENT adigplye 280

to securely couple the substrate to t rler
pol i shi ng boaiyd 280nggfetur t hén pﬁ@tuéglanﬁpﬁéfannﬂdngmboéimema$ 28be

coupled 10 the dnes spPLbasbLesL0atuaybsLaal 8na2¢fe (RL: EXAMRL BRI 052

conventional second ad v[ng escri e present
i nventi ohQ iafter dlistethgt hwts BhdeSant @mm$lbpcmmmr&ﬁ@nndmnget@pﬂasent by

reference tguhieafOLloue 0 BXREL)BH! By Lol LG, 20Dr S5i8t 0 Lhal e e

experinents are present sol or 'the purpose | BY ron an
shoul d not bees®nshamezbast I31n]tEan@IIdnea Z& 4y expteiesn o fFart é)eamhl epoaltt hough
t he exper|HEﬂ§%m§§scr|bed bel ow may be carried out in a |laboratory
setting, one

Additional embodiments of the apparatus 200 may

15 include a conventional carrier ring and adhesive 280 to
securely couple the substrate 260 to the carrier head 210.
The polishing body 230 may further include a stiff backing
material 290 coupled to the thermoplastic foam substrate
240, for example using a conventional second adhesive 295.
20 Having described the present invention, it is believed
that the same will become even more apparent by reference
to the following experiments. It will be appreciated that
the experiments are presented solely for the purpose of
illustration 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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skilled in the art could adjust specific nunbers, dinensions and
quantities up to appropriate values for a full-scale plant setting. 30
Experi nerwe 2Bogpeniogent s were conducted to: 1) exam ne tReTamsa@awer24cel | s on
the surface of the thernoplastic foam substrate; 2) characterize the

chem cal conposition and nechani cal properties of the foam substrate; and

3) measure t = padél\%]f?%éf@a?é‘sggéf RGTé %?Q%Qg%zégdsp%'ﬁﬂéngr %HE”' es

of the polishi he present 1nventlo feren I shing
condi ti ons aﬁﬁvemﬁmﬁvarlW@dﬁﬁelrdkﬁﬁﬁﬁﬁﬁﬁhg prépehings tqpnﬂwﬁm9ﬂ3<3nahdpads

Ex t E
perimen ]cl n%ﬁ}%%&le proc Ssg)%'r‘%ﬂé M, bg’ﬁggﬁt;ﬂ%hﬁg; ads .

conventi onal ntatio wer e obt ai ne rom skived

t her nopl astic closed ceII foan1substrates of the present invention before
and after cqftln shlng agent on the interior surface of concave
cells on the B sd e ra e's surface. In addition, conventional confocal

f1 uor escehce nlcrsmﬁmnﬂmglrﬁmﬁﬁtﬂﬁntImiarmﬁd@@i&ubaBEmme iwagesobtigingd
usi ng conventi onal nst%Bnentatlon and processes. The thernngkastlc f oam

was forned iHtS tBFyTUReNE3RIQn, BPd PFASRSESE. Wikt SPER1RE8ut 0. 3

cm t hi CknesSfrorﬂ'hskﬁﬁéHEthb&hlbplabt&bne_dotslé@r—f@ép_ﬂasﬂdaﬁn f oapysHHcsts abg (J-
foam from J Pl asti cs, t une desi ated as "J-60," copprised a

bl end of abdut® FERIRIK Jafb t% 5 TarsueTSO St tex) anaﬁagba aﬁ&éshlng

pol yet hyl en%@éﬁt obhertigddiihiwesopr eseftacd) bl tdsh&prarereiakl yorpr eyeded
substrate gaJ 60 sheets _were skived_ wth a commerci al cuttln%@blade

( Model TEIVE 1§ , SEFEATBeck et 1G94 L0 cReRvetet PRy ) COrhecaheet s
wer e then nafmcbie/s@éx@@@emwbbcaplaqug@g SOPr @P¥l coated substrate

were obtained using conventional instrumentation and
processes.
The thermoplastic foam was formed into approximately

15 120 cm by 142 cm area sheets of about 0.3 cm thickness.
The commercially obtained thermoplastic foam substrate (J-
foam from JMS Plastics, Neptune NJ), designated as “J-60,”
comprised a blend of about 18% EVA, about 16 to about 20%
talc, and balance polyethylene and other additives present

20 in the commercially provided substrate. The J-60 sheets
were skived with a commercial 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 size and rotation speed, within the

reaction chamber maintained at about 350 mTorr. The
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al cohol solution. 25 To coat J-60 with polishing agent conprising silicon
di oxi de, the skived substrate was placed in the reaction chanber of a
convent i owal2oeiimasci al Radi o Frequency G ow Di schar ge PCRAGR)o3pkas |
reactor having a tenperature controlled el ectrode configuration (Mdel
PE-2; Advanced 30 Energy Systens, Medford, NY). The plasma treatnent of the

substrate was1£QPBAS eeRYett 6 AEUGLEInE DR RIHEET ¥ PLASIR 3beact ank, sAr gon,
for about 30 to about 120 seconds dependi ng on sanple size and rotation

speed, wit hi RFt RBSTREABSI BRVEKartferaheitht AP Aedoatabmtut 2350 WEbke. wike - 17
WO 2004/ 024393 Eﬂ%%%ﬁ@%g%%%heels% 1@%15&@@5@%&'6%0%2%'6”&2%%@ at

about 30C, andea operating power of about 100 to about tts was
used, dependfwgsSeduerelEanthe HRFOIRRY ohcebabbr wizelnt Bodseededoly, the

secondaryorezeifor was bat raflugegler Sl bneh 1007 2R oM eSeal 0,10 SLW

and consisted of silicon dioxide precursor, tetraort e (TECS),
m xed with $eldeorndiggsiderpeesbgRE  ofchracuiborilhcate (EROS)st méamdnas

gover ned by {hen VaROl,Pressyse . ( BRy,of &&&tsgﬁo%ggcws%%ﬂ LpHanege 2
t he nononer reservoir 10 ténperature ?I\/RT; 9 . I'TT'ustrative~exanpl es
of SEM | mage3tEgamoXNasregPyereedi 6 aflke pvepom coréssRf«GURBP3 fof : tha) the

substrate J- ski.yi d subst e ,)- fter ivi.ng and
coating wt héés)(i:ﬁ%%%ydi %%%gg?ﬁgs l(i@l%ﬁel%?ctg i % %ot ﬁ‘ogg?},ﬁ E %ﬁs%rl%g%ég, t he
concave k@l | semperakbubst MRT al 9§ sphet®i dal, al though el liptical and nore

aver age Si 26 of Aot OO 1o abort EIRE m SfonsSiln alfdSbn, dhe ddRsi ty
of cells permagitificebiol 20e hpresehbed was JEIRRE ndd Hyrvi skl the
inspection of13EM-ote J-60 after skiving and (B) the substrate J-60
after skiving and coating with silicon dioxide. As
15 depicted in both FIGURE 3A and 3B, the concave cells are
substantially spheroidal, although elliptical and more
irregular shapes are observed. Measurements of cell size
revealed an average size of about 100 to about 125
microns. In addition, the density of cells per unit area of
20 the surface was determined by visual 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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i mges for substrates containing different anounts of EVA. The cell
density ranged from about 60 to about 100 cells/mR2. There was no

subst ant i 200u22g®3i N t he shape, size or density of thecrarsees®2ed | s
after coating. 25 A representative fluorescence mcroscopic i mage of the
J-60 substrate after coating with silicon dioxide is presented in Fl GURE
4. Hyper-int P T Tfy outlining the edges of concave cells were
assigned to uorescence from the polishing agent and the thernoplastic
substrate itsel f.TiI8) dhemensd cegipors. tiionhiandt hecbendawd pebpsrieee agsi gned

to O||Shl@% rﬁ 88%%&?91 f %%ila élﬂ f% tlctgfosé ggéflthe
i FORH i ?

silicon dioxi coat | ng agen coats erior-surface of the
cells. -18 mmommm&cmwowmm Exmrlaﬂi}httﬂ)ril'heochéﬁﬁeal

conposition an chani c S er al [ ci . bl e
t her nopl a5gt @esd %ggedfcgl ?ngggﬁngéébgt ra eséo\ei\L/\eir é"%c rr%ger%HIOPFaL é%i i olﬁ to
J-60, 5 descyuliysdrdtresExpere neréminedheSvahl (mimpgrmledr rmpda]a:‘sﬂre@ poamp"

substrates wer . exam ned: SVE,A C%’E/B sed a enS|ty
PIERE WPt

iy
Pol yet hyl ené (PEJ" f ens(]\%fl extra m avvr en é %ﬁf attached to
backi ng of Ordi(Ek t hilewretordensed alﬂut@lu:hlédnﬂ;ot gothtLylgt byl ene4 (0 HDPE} ¢k SSV2

conpri sed 10 a skive (B) medi um dens E f Eg raTMfrom
Vol Lek) -t t ST TR ot 0 oagetrin sec SABRS aq S SEvndPrpE:

Cgpoleyzraflq gdssmg& marqyra"sgldedlsrhl Vil@dlsﬁ.t@v?OPEC IEMAmPE(\fcﬂlaemt(z\Aﬂ extoaTM
f Vol t ek),, .Th h ti ti 1

wei ghed amoUIE D7 SEbLFAES B d GRETFHIe | AT 100001 SHES oFobAoRBERs at
120C foll omez:irzbwmh’wlm@p@rgdn@@npaﬁdngcuhe \mmgﬂtlsrw czené]agee@f otbeo
resi dual Isngﬁe%ﬁ JJ:ma\t er v%lext nrjrogn I I at |k\$e to the predigestion

materlal(Xy
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%) Dblended with the

20 polyethylene was obtained from the manufacturer. In
addition, the weight percent of inorganic fillers
(Filler%), comprising Talc, 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 SV1A S8vV2 8C12G
Xylene% ~85.7 ~30.8 ~29.8
n.m.
EVA% ~6 to ~12 ~0 ~29.8 ~18
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The wei ght percent of EVA (EVAY% blended with the 20 pol yet hyl ene was
obtai ned fromthe manufacturer. In addition, the weight percent of

i nor gani cwDi2bb4er28393(Fi |l l er% , conprising Talc, Titani umPOTIte®3/0C2HEi um
Silicates, Calcium Carbonate, Magnesium Silicates, and Zinc salts was
obtai ned fromthe manufacturer or assessed by 25 conventional chem cal
anal ysi s, speh—as—bBrfferenttar—Scammngr CatorT ey andResTdue_ Anal ysi s
after total | Folgankc conbusti®nto ThES chelni th? composi rilén of thel0
t her nopl ast ncnf.Qamosubsbicatres |s presented in TABLE 1. TABLE 1 30
Conposition J-60,_SV1A SSV2 SC12G, .Xyl ene%-85.7.-30.8 -29.8 n.m % - 6
Lo T35 L0 20, 8 THE ChRFHBSI0GRFioHEs MO DS R B RISt 10 to
-16 -10 - 10thel@bokrerment@bnadasheedophestchar fcterswladt oot @f 1dwel urbshani cal
properties of the above-nmentioned thernoplastic foam substrates included
5 assessmenfSSEESTBELS t‘i/gedg%?%‘_s%i oﬁogpggﬁafﬁ? Iﬁ%ﬁ?ﬁ@g&; fgarféﬁfrfees%trength
Snd TenSigegﬁhgﬁgfostféﬂgrheaﬁﬁOTQﬁﬁiIH”ﬁﬂEléBb&aKénbﬁﬂéiE??ﬁ@éﬂionafa

et erm ne | fferentia Scanning Calorinetry: and Coefficient o
Friction. T@%?%‘é ] orf e 1t edted ?F?K%yrtﬁ‘feﬂ?%ti%feﬁef%‘ﬁga]a
X-axi s 10 ard ARG aaYo@Xmstryhesed tdeiEiaxientrd yraxitsoi f fBsndyle 90
degrees. The results of these tests are summarized in BLE 2. TABLE 2

Property J6HISPEATISW waEFE=ths BEhdM} PHFIHTIROH 5 D0 &7 B Fi B
Conpr esgigon o8l eNHYy a y-axis, where the x-axis and y-axis differ by

90 degrees. The results of these tests are summarized in

TABLE 2.
TABLE 2
Property Je0 SV1A SsV2 SCl2¢
15 |[Density (lbs/ft?) 8.5 21.5 17.4 11.8
Compression Strength
(lb/sg 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 o2 . 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 (°QC) 76.5 106.5 90.0 84.5
Coefficient of Friction
(g/9)
35 Static 0.59 0.23 0.45
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(Ib/sqgin) @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 (OWO20ad/@¥3988 92 85 69 25 Tensile Strength (| bskcmaispooshmetsne 196
625 599 393 X-machine 196 419 443 319 Tensile Elongation (% 30 Machine
304 237 472 506 X— machl ne 301 173 446 504 DSC Melt Peak (C) 76 5 106.5
90.0 84.5 i : et :

2004/ 024393 > > ; m
of the mechanical properties of ther m)pl astic foam substrat es of the
present inventi ofhef wtisherctiendlzattednDyrfartihe Mestismics 1 th&e{m of
the 5 substr tes b re ( Treat nent)_.and atter,_ co shin
agent. The l’f‘rsé:ﬁgntsoz%\%régubbsﬁg‘l)ate(f us%nSChe ﬁ% %n n@er&?ﬁ&ﬁ%o )
and anal yzedfuusth@g Umc\mro@ail Dyzialatd ¢ S\m‘dhmmca(]b@tﬂalyssm ufmMi)s ¢ff orhdgA

I nst rume ts dat St or age. Modul Loss
Modul us u-’?;%% %frf(? S‘ie@l t%a‘@ Oﬁ?ogtberancao 0 e"%:b%%:t ivel y.
The polishlm@lﬂadumgﬁageated WhéhDMAgmeasurements were obtained using

a model number DMA 2980 and analyzed using Universal V2.5H
software (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 procegs. 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 losg wmodulus of the organic polymer coated substrate

25 1is at 1least about 10°C lower 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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pol ynmer polishing agents by exposing skived Aliplast (JMS Plastic
Supplies, Neptune, N J.; Type 6A: nedium foam 15 density and hardness 34
Shore A) ,wo00ug283ve above- descri bed grafting process. Sexarsdemsyp2phasm
reactants, containing either Allyl-A cohol, or Allyl-Amne, Tetraethoxy
Silane (TEQGS), or tetraisopropyl-titanate(TYZOR TPT) nononers, were

grafted ontq,the gKived Alilpl 4k 13y s diZ%j%%mu thonssisidg l ar to

that discussed in Experinent 1. As illustrated in FI 6, of the coated
substrate [eamddtieale i andosompbdedustat tisourol Doid navhiprepersiegncdat ed

substrate had,3pRaah RDAW. - HCciihd o1 AGfind Gsfodmilidls Qladine

organi ¢ pol ynmer coate bstrate 25 Is at I'east abou wer than for
t he uncoat edliffghsmntat @olSisiingr | worski ildngst r & e FIGYRE ad wiva®  t he

coat ed substr e g\lg- ?It bo 0Ot t .unc
substratg h 5%§%6%§i S@Pag%{ug ' T}gi]ﬁgbetahe%ggak t%aerﬁ%ﬁ]tggtolf%t ﬁgé%ﬁ'
organi ¢ pol wuwrstowdtesd 80 stibst rahwss adesctileshsuralfédngdocrboees than for
the wuncoat trat.e. eri .3 T ol j.shi pr i es

pol i shi ng. pATSrs ne et i S0 5P 30 P D0 G preeart

i nventi on werd istdmonedansler defienanedpokeshi“dgoT&Indiandns adeSk ohpar ed
to the polishin r.operti f _cC { I T ] i shi. ng
properties Er?&g%&d‘lvf%ﬁgr'e%?tgo?f‘sﬁ?%?%do%i nggrgﬁsg %%ﬁ??ﬁ%%aﬁg%% 5

pr epar ed tby reyesi g sififved IBOridyecephadtsi.c f oam substrates to the

sboverdescri bed SRR RAUSASLE RLTENEREL LAOLUM e 14! con
respecti vel yonBetdriefl t heoliGHER an(PId6ASE: palis . ne@Rari2al |§rod 0 Floatad t o
afford Slur%%éﬂﬁ%'gaf%s, 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 Number 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 wusing 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
PostSTD% 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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Tungsten polishing properties were assessed using a comercial polisher
(Product No. EP0222 from Ebara Technol ogies, Sacranento, CA). Unless

ot herw sewpaved2439Be renoval rate of tungsten polishi ngCras2a8sersed usi ng
a 15 down force of about 13. N per inch2 of substrate(about 3 to about 4
psi); table speed of about 100 to about 250 rpmand a conventional slurry

(Product Nu r ) I

Tet r aet hyl o% osi&'{? g?e (PE— Igﬁ; about 61&3?5 ,%\Otgh?‘ﬁgﬁt@ersgﬁ&veirnsg a
deposi t ed aldesamp2e) 8poﬂ)®sheduwgsm@rtm:n3f@o@ aad -anTundet byt hy, abeRitn@50 A
thick titani t%m b) rl't‘%nl_t er “;é{%re g test pQﬁéShEQQt 'I;_Jl%runl Qormty

of tungsten rem)v across the wafer's sur ace was assessed u5| ng the sane
pol i shi ng apm@mangndtheormnamﬂ@nmont After oroldfshimg t bhgstisirsur f aces

25 polished usi JeOT d S C I by
measur i ng s gg’tprir és ag':céﬁa{t%I1 é'%g% n%ts q% %I’I ute r%%ﬁey&gﬁs&s@/t he
vva]t:er The amgrsagemds'ec poang hiung fbemtity obft umgseten 3r0ésm)oed mm t he
waf er, the t andard deyj at i d r an e

st andar d de\lyrf%aftl SO TSf ¢ teerde(t%“ rg%%g%d H(glg’ogst%%%é;gﬁbrgd&é1 géoa(%r om
the 49 rreasufea@v@fd sheekteasbst anoaifdhe rPost S108% walset:oaemdémcetdtt@o be the

best general cator of the rmt of .t rretal rem)v I. FI.GURE 8A
and 8B il uéffa d} QR SR tf%’ qﬁ?&st&gon T T SO R éa{rlfd
uni f or mitoy @fanteuw‘itleﬂ td2 \A@l?@@ﬁtﬁﬁ?%%tﬁ’@ét&%émmaP@crom

(i.e., PostSTD¥ obtain mul t| fer )L polished using the
J60TR pad. mwne%h%’ B’eeﬁ’r@ 5 i 8Rng gpblgt"f'ormed on the pad

prior to comengng theteered rmmmotfmﬁ qoolamtngtg, toemilast résshoml e,

the renoval rate remi ned a ov I
uni fornity dqergo(ﬂhrm' b & te Je6aOS§R apb 1sh1ng pgg”oﬁ’séfﬁ? w1atr&C1j

no precondltlonlng, after polishing the first sample wafer,

15 the tungsten removal rate remained at least about 40
Angstromg/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 rpm. 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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Moreover, after the first five sanples, the J60TR pad renoved tungsten at
a uniformrate (i.e., between about 60 and 75 Angstrons/sec) for at |east
20 sanpl e80 20824398 s 10 sane period, the uniformty of PCOAF2ESM2T280DVal

across the wafer remained between about 8 and about 12% As illustrated in
FI GUREs 9A and 9B, simlar results were obtained using the J60SR polishing
pad. Again, h no preconditioning, after polishing the first sanple

waf er, 15 t P tungsten renoval rate remained at |east about 40
Angst roms/ sec, wiltie @ffisictoofi mplofshimsutcontitcionsetas . alsg tagsedwed i r st

five sanpl e% Z{%& 3—8§§‘Dout 5 ved ofu(}%%‘iﬂgatgpé ‘&Hufrprf’eféée tﬁébfe

bet ween abo ngstrons/s |'east 20 'sanpl es. Over
this 20 sanspe@d cahd t heruhef oswEed ﬁntﬁh@@rﬁnoxé#@vmola@ms@efqr@ts waf er

Wmmwb%%@%M%ﬁ§W§ﬂﬁ.evmh%a@&@@&wﬁgmmws
assessed by - &xam nin Frect © varying t orc tabl e
speed (TF) dmthcacar r¢$Rrlspést (aCSfhoashohdsidn ¢ ehovarreace 2T GERE the

uniform ty qfenQVale. The %?iﬂk&%nsﬂQFcﬁéﬁ whBAt enbhaupBds of dbecpresent

i nvention have accept able ishin operties undef a broad range o
condi tions. aAsl plollllahtmgt edndmtEowREdQ‘mfﬁ:orc{eh@n%@tshlpadpeadv ew@m rate

of at least a 40 _Ang 0 / sec ng. a forc e about
26 and about® tkslg aé 31%1 eggupneg)g gggﬁggﬁ ggbgg@ﬁgg g%dgiggrgp%] an
carrier Jsopeenhnbﬂiamiene abwnniﬁé erfid ablout 1®§htpmscmamrfg)r mavqnm,

tungsten removal .. rennine e est
uniformty Was rbléalsnse %ugP%gégﬁg%rg‘p?véﬁu% glu%% OQ éﬁei{@s ‘p(%lg%bout
26 kPa) and dbggiriveablwdespesdngi aecprru’a:tmatld:ﬁOof 26wvwbﬁﬁ0ﬂbﬁ<2é393 e.,

25122?2803/ 21£§%ha pn%outTQS E fect gﬁrqglls@le S%%g%}tl9n§,m8§eg%gg

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 SiO, 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
wag compared to two a commercially available lots
IC1000/SUBRA 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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by exam ning the effect of varying the down force, table speed and carrier
speed on slurry oxide polish defects. 5 Post-polishing wafer defects were
assessed woizg/@43BA tencor SP-1 with a threshold of 0PETAISCEGM37244-1 GURE
11 illustrates the relationship between the nunber of defects and
polishing conditions, down force and table speed, using a J60SR pad. The

Sum of Def eGl s\ g Eb%’@@(#ﬂe&%ﬁs o ddie dPe Cumiliatiode ceouny srobumid |1 ght

scattering events, regardless of th cause. The m ni mum nunber of defects
wer e obser\ﬂédkmﬂe%wmgl%,cmmﬁbrﬁbf Io'ﬂ@dfﬁﬁl$b‘¢@*é6(¢01éparl$‘é%s t han

about 32 kPa)e and [ GNAA0Le S8GEGAT Aroe GEGALES bBAN AHOULT Soepid . 15
The polishing properties o e polal shing pad of"th present 1 nvention

wer e conpar md,ot@@nvempveharapaﬂsarér oromipaes t(@O@m@énwnéhare@@@@t A
pol ! Shing, pag, des!dpalede Adno 5{& aﬁggsowtge%ad NG LASLIDD! aptT ©
um de

foam substrate conpri’s ene foam (ne nsity 20
Vol araTM , ftrlfmneiqietrakr)entappedﬂlim@lﬁial@ mllshnltsk tigerrefersi gh deasity

e ey entort), C0fhe] N2 UBBAIBRE N fu . 00 | S0LAY B05MLEOUBILE1 Y S1 02

t he secondary Stasma or eat con was grafted onto t
substrate, pﬂ‘ildl&‘rh @ondmbemnsfsdnffarenb watﬂéctr daschadsstl | WoExphei AEANS1. 25

Ihe bl anket MnaLA (LaBoL! SN0 RLORSh A Al e i B SREPRST Lo
DE) , deﬂ(gnatc&dnaﬂlmw‘éildﬁlkal@fa’a% arehnd Bl 0r BB LadfeB; £28petoivaty. The
cambar son e BeT LBLIES el N5, SOMBLEL e 20 Mol Shar LA 1o
conpri si ng l\ﬂe@m ,Roicled nommweﬁ)E)cemBlvairm:aErehmethe IClOOO/SUBA
T el or o) e (7 T bt 54000, ks o 50 g g o
renoval rat eﬁrcﬁwr at heoStfMSzed C1@AAWeSUBA LIOTat 5 mlnutes 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
is skived 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 Si0, conformally coated to
the concave surfaces of the open cells of the skived cells

30 and therebetween. The Si0O, is deposited by plasma enhanced
chemical wvapor 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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-24 WD 2004/ 024393 PCT/ US2003/ 027249 A and | C1000/ SUBA LOT-B pads are
illustrated in FIGURES 12A, 12B and 12C, respectively. To facilitate
conpar i SOWO 2064/02839%at i ons in renoval rate during use, f®CTUse00SCANE pad,
the renoval rates are normalized (normal) with respect 5 to the average
renoval rates obtained over the course of the experinent. Cunul ative

polishing tinme reflemddh the ddadnt | irevdiel ol hedi BEePade Y51 bS@diH 0
successi vely O|ISh nunb@aﬁgf different wafer surfaces. For the SCAMS

pad, after @@ﬁ%s egt iVl 10t | SRFnghOuRe twRdsxrtRRdmiRakd

renoval rat eHemali agﬂ wtﬁamél a%‘:!ﬁo%@%f@lﬁa@ées| eagfhu AR, tABnH NULRS
cunul ative palishing tine. contrast, the nornalized renoval rate of the

| CL000/ SUBA 2 4tSHa4 I0s IhG]‘:"(ﬁ?@/ QERIUET d8PeEEd NI 5GP S8Ry EFgPEeef eBlRd
froma noy maldzegd s ue of 1 at 5 mnutes cunul ative 15 polishing tine to
as low as 0.6 by about 56 m nutes cunulative polishing tine. Based on
experinments such a that presented herein, two polishing pads are expected
to have excellent tungsten and copper CMP properties. Both pads conprise a
t hernopl astic 20 foam coupled to a -32 m| thick backing of condensed HDPE.
Coupling is achieved via extrusion coating of the nolten HDPE on a
prefabricated roll of foam The thernoplastic foamis conprised of -12wt %
talc, -18 wt % EVA and bal ance PE and has a hardness of -30 shore A. About
-9 percent of 25 the thernoplastic foanis volune conprises cells. The foam
is skived to provide a -64 m| thick |layer having a surface wth opened
cells. Pads for tungsten polishing have a -500 mcro thick |ayer of

anor phous Si 2 conformally coated to the concave surfaces of the open
cells of the skived cells 30 and therebetween. The SiQ2 is deposited by

pl asma enhanced chem cal vapor deposition (CVD) using a netal ester
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precusor conprising tetraorthosilicate. Pads for copper polishing have a
simlar thickness |ayer of anorphous Ti Q2 deposited by plasm enhanced CVD
usi ng a M¥Dab0eRids 35 precursor conprising tetraort hoPCcriusaews/02722% WO
2004/ 024393 PCT/ US2003/ 027249 Al though the present invention has been
described in detail, those skilled in the art should understand that they

can nmake various whAANJeS, coNbgEbHt gl ons and alterations herein w thout
departing fromthe scope of the 5 invention. -26 WO 2004/ 024393

PCT/ US2003/ 027249 WHAT IS CLAIMED I'S: 1. A polishing pad conprising: a
t hernopl astic 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 a8 Petiseangnp@ia¢omariskeyein sai d thernopl astic

f oam substrate conpri sgs:f.fh985¢9: | rofa skinked honopol yner or
copolymers. 10 3. The poligh#ng pggggs ?e@iggggF%ggﬁalﬁy sgmﬁef &%a%§éid
cl osed-cel | foERTteRproEeconcavendebiscrand-1inked ethylene vinyl acetate

copol ynmerzand a | ow or i ; i t hyl opal yner Vi n
et hyl ene 3iny|l acetat%?%g}g%%ﬁ@?g%%&ﬁégﬁ%¥§%?%é§£%5%55J‘ .é%@&%cgn%fgbout
15 9:1. 4. ThRiQorPrPRvig pablas recited in Caim3, wherein said blend has
a ethylene vinyl acetate copol yner:polyethylene ratio between about
0.6:9.4 and about 1.8:8.2. 20 5. The polishing pad as recited in Caim4,
wher ei n 2. The polishing pad as recited in Claim 1, wherein

said thermoplastic foam substrate comprises a closed-cell

foam of crosslinked homopolymer or copolymers.

10 3. The polishing pad as recited in Claim 2, wherein
said closed-cell foam comprises a blend of cross-linked
ethylene vinyl acetate copolymer and a low or medium
density polyethylene copolymer having a ethylene vinyl
acetate:polyethylene ratio between about 0.6:9.4 and about

15 9:1.

4. The polishing pad as recited in Claim 3, wherein
said blend has a ethylene vinyl acetate
copolymer:polyethylene ratio between about 0.6:9.4 and
about 1.8:8.2.

20 5. The polishing pad as recited in Claim 4, wherein
said thermoplastic foam substrate has a Xylene-insolubles

content of at least about 85 wt%.

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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sai d thernopl astic foam substrate has a Xyl ene-insol ubles content of at

| east about 85 wt% 6. The polishing pad as recited in aim1, wherein
sai d concwoeocdi2hz3zhave an average size of between abouPCTAB2002THMEr ONS
and 350 mcrons. 7. The polishing pad as recited in CCaim1l, wherein said
concave cells has a cell density of at |east about 4.5 -27 WD 2004/ 024393
PCT/ US2003/ Q24349 meel | s/mme . 8. The polishing pad as recited in Caiml,
wherein said po iglhi ng agent is selected froma group of ceramcs
consisting of: 5 Silicon Oxides; Titanium Oxides; Tetraethoxy Silane

Pol ymer; and  Ti ani 4yRAKOXIAE RO as SeciRedold S NG, PAD @seFecited in

r

G aim1l, wherein 10 said polishrn aglent Is selected froma group of

pol ymers c@agids Piodg sbfingpaiggaitc ofolse leied Holgparg riEsoup 108 qereaists shi ng

pad as reci tg gii%tgi“ i M9 wherein 15 said substrate after being coated with
pol ynmer

any one of sai s has peak Tan Delta at |east about 40C | ower than
a substr&e. -28Silicon Oxides;

Titanium Oxides;
Tetraethoxy Silane Polymer; and
Titanium Alkoxide Polymer.

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

Polyamines.

10. The polishing pad as recited in Claim 9 wherein
15 sgaid 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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