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WD 2004/ 062849 PCT/ US2003/ 041364 PAD CONSTRUCTI ONS

FOR CHEM CAL MECHANI CAL PLANARI ZATI ON APPLI CATIONS 5
wo2@4@6IBh®e present invention is directed to abrPewUS®03/041364

articles and nmethods of using said articles. 10

Background Sem conductor wafers have a sem conduct or

base. The sem conductor base can be nmade from any

appropriate material such as single crystal silicon,

gal i um arseni de, and other sem conductor materials

known in the art. Over a surface of the sem conductor

base i PADAGENSTRUCTIGYS FOR MIEEMITEIAGc MECHANIEIAL

typically contalns S|I|con d|0X|de homever, ot her 15

suitabl e di el ect PLANARBLATION APRLIGARIQNS| ated in

the art. Over the front surface of the dielectric

lﬁyer are nunerous discrete nmetal interconnects

.g., metal conductor blocks). Each netal

i nt emaeprseit ievtibe igditetedfio bbrasixaaplictss ahd aratleddawif nsing said

copper, alum num copper alloy, tungsten, and the I|ike.
‘anti§€Se netal interconnects are typically made by first

depositing a continuous |layer of the nmetal 20 on the
Bad?lgcﬁf'c | ayer. The netal is then etched and the

tal renmoved to formthe desired pattern of
nmet aKeinidoadaaomnesicss. hatt b esmizbaduct@rbase) STiheedentigorldayter base can be

is applied overtop of each netal interconnec
n@é@ WeENARTRPPERAT RIS MAE RN eTTRElE S silicomealim geenide, and

Qer Ee!?ﬁf?lgdu%{o‘? %a”u%rﬁllé B in l:i]kear\‘. n@V{ﬂaat éu‘i’ﬂtcé gy ek sblﬁlconcéué;tor base

typically a netal oxide such as silicon dioxide
is(abdiekepﬂnmﬂpyws Thischtlectgt faysy) t,ypi@&lsr tphaspkitsol dioatde, however, other

S onbi nat j ons the 5 The resulting
BT B Aa el oaP e B wlr  ace that ay
not  bReffhe IR Raac %@q{e‘%ﬁele tH@lJy@f %nﬁﬁleﬁﬁﬁ'dﬁs%%te metal
Bef ore any additional |ayers of "circuitry can

mmd)m@dtsx(c 8 mq@ﬁ@oﬂuo@dr@wkph yEach mﬁtdssterqomwoi C@reb,er mede, for

to Hr e front surf of the ﬂsu at|Q%1 g& 1& Tt
RStelsil 018 PPEyCOPEEY A 18‘1”“ COPE A1 PYAPHnESy gpc the like. These
metHd irfteeBhrtetts ard f}@ld%ﬁ?rtrﬂaﬂﬁ b rfirste@p&eting 4 borfiRREB a8 of the metal
many 30 factors, including the individual wafer and

op Hie diglpstrie dasieon Thomeih ISdheni qtched and tlemesass metalgsmiovedtp form the
%sﬁr%d%g‘?%%f %{et nP{tex% Eée% u Sﬁ[ﬁ%&%&% ez%x 1&1&%&&6%@?’& i§ af%ﬂecdn)ver‘top

e su Jec

oBeaﬂ‘fh |nhaialt1yterdohh6uﬂ,giwuéentthenfeeﬂrmtﬂdemne@fs ahBioser the surface of the
ication this process will be referred to as
dlegq

CHitaRY LatlihgAnsulaime dayep i fypicaly HmgHaPriggspehas Sligon dioxide,
Bﬁ’g%oﬁ}ﬂ)ﬁg%‘ésﬁfza’cg Igﬁlss),lPSG (phosphosilicate glass), or combinations thereof.

The resulting insulating layer often has a front surface that may not be as "planar" and/or

"uniform" as desired.

Before any additional layers of circuitry can be applied via a photolithography
process, it is desired to t;reat the front surface of the insulating layer to achieve a desired
degree of "planarity" and/or "uniformity;" the particular degree will depend on many
factors, including the individual wafer and the application for which it is intended, as well
as the nature of any subsequent processing steps to which the wafer may be subjected. For
tthe sake of simplicity, throughout the remainder of this application this process will be

referred to as "planarization". As a result of planarization, the front surface of the

-1-



10

15

20

25

30

WD 2004/ 062849 PCT/ US2003/ 041364 insul ating |ayer
shoul d be sufficiently planar such that when the

wgaismepsent phot ol i t hography process i s used POT/USBal/@1364

a new circuit design, the critical dinension features
can be resolved. These critical dinension features
formthe circuitry design. OQther |layers may al so be

n%lfl%ggé ga.%f@p%{oﬁldtﬁbesu?ﬁéiéﬁﬁl e@ﬁg%%ﬁcﬁ’ﬂﬁt%h&?@é sGRh

I'n fact, aft addi tional layér of _
photslithagiaply pmtessiialisaddo amatel aemb\xomecrultt dwgneﬂlalcnhcal dimension

%ﬁg}‘rgg g%%ﬁ{%e i z%edtp lcﬁ’ﬁger é}? ge he efl 'the c1rcu1Jrry Iaes1 gn.

Addi Ggehadyleys mhnSls¥BE 9Ia11&%éd' i ﬂié&@rs‘é%%@\klhféﬁfdbﬁyﬁiﬁm process.
such as copper,” that need planarization as well

Is fret; iafterceag ad@;tlena}ﬂawu ehingulptingwgtoripkis wpeliafeqvar the metal

rggrc?%}%ﬁgdpl a n i (%S glﬁge(fé ﬁr@;l}? qn% arferqﬁé/ B&a t8 be planarized

aflepns Aﬁﬂﬁlonhlmy &K@vvﬁﬁﬁﬂ&? eiduder d@ﬁ&@(ﬁwe aa}@@d, ts@d‘hrhsl ®pper, that need
etched into an oxide dielectric (e.g., silicon

pbm@ma@eyl a$ wylly A epidic cxampiRInt sud 2poeess |1%tllpél§fé%1§3%ayscene

L L R T

degisitedn di el ectrics and polynmeric filns, and ot her

mat er i havi n a dielectric copstant gen
t he %ﬁi)ail?%?n PIoFeps, apaempptc B deiftie . silicon
dﬁ&?ﬁe? la?er AHthe P §ktaBlel cﬁ&e&ﬁ@ larﬁbé 1%1&3%510&9& MW @ielléétrﬁeconstant (K)

depoSited on the dielectric layer. Exanpl es of cap
ldyensesnsh amkb;dleitmeﬂ oz wles, cp@rcms derbandoped ¢xidepordusrspuien dielectrics

agl éollgﬁ%lleg heS| §8 bam?%r P&er ksaha Y S g]]%ctfdig)%g]?slgt ﬁ,&ﬁnerafly in the range

of PORS B%efdr%ﬁﬁrﬁblﬁ'ﬂet\ﬁ&ﬁtlaj s Nkt quﬁsuléti %)lrlt’fﬁy‘%hen optionally be
titanium nitride, for exanple. Next, a ne

d@nﬂgﬁedr 9n the diderdaé tegdr. d%mnlweof@ae ﬂaéy@tsnndu@mha@ryc@mde and

g eﬁﬂr?cp Q?ﬂtlgﬁnglr Cihaéllg eF [a grgﬁ?sa%?g)glte, ?tﬁagzl{l tl}]ege\ﬁ? F]eesurface.

Tg@pﬂﬂdah@ai loRESdhan a@inpmel t@lﬁt@luhy tARdnaiigidef titthi@m or titanium
adhesion/ barrier layer from the surface of the

nigids, drtexp@pleT\WixbA mytal EriorgRP) i depasiipgioyer the didetgeand any
a(ﬁfé]gito%tdrr}eli] ?a}@fét oﬁaﬁ&‘h{%ﬁ gnémq%)te'r ?sdt}]lgﬁj fnfoa Ief 108 or finished by
ot netal’, trer

er conpri'ses ér a
ranaonéig tha depmnedi ayedl and optioraly gertidine bethie radhesmt/learrﬁaﬂ lagdr from

a co |na g}g thergI A top VI ew_of the 25 expased
thistEAceqfhedislegsi J pispls enqueh stiface sipial dg remgvies serheh fhe outer
e:&%é@ﬁ%@ﬂféﬁ RE-FAQ Jrike wEeF B&ﬁpﬁeg 'b@ﬁﬂn@tﬁfj afld ehei@tarwa&eé layer, a

materi al adjacent to t metal . The matéria ocat
cgnlayé¢reor armdldfeldm:]ecgm frateziabbr 4 bremiviadtam theleef eAttoyy vieewe the

dlff si cal . characteristi.cs uch dlff rent
FoorehEEt oftie ook B Bt At Stk il ul S Spondeg Ryme
e@ha@ﬁa@ﬂenpmddaae&neyna&aﬁl 2525 €L nRitAC q%% nhdterials located on the
general |y designed to similtaneously nodify the netal

mﬂtﬁedrsurf@ceadﬁeewefet irdherandy heegdiffsrennghysicad alparacaymﬂcs such as
d i el ec ter al convent i.onal
dﬁ”{é én? éar%gesrs] va l?rﬁsglveef?{%aotrsng%t use@ ¥ al@ggl(f wafer proéjuced by the
Datratihel pdess is generally designed to simultaneously modify the metal and/or
adhesion/barrier layers and/or cap layer and/or dielectric materials.
One conventional method of modifying or refining exposed surfaces of structured

wafers treats a wafer surface with a slurry containing a plurality of loose abrasive particles

2.
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wafers treats a wafer surface wth a slurry containing

a plurality of | oose abrasive particles -2 WO
wQoe4NeB2849 PCT/ US2003/ 041364 di spersed i n arpCT/yn0d3/041364

Typically this slurry is applied to a polishing pad

and the wafer surface is then ground or noved agai nst

the pad in order to renove material fromthe wafer

surface Ay TR of I £8badBRIS waf
disperiss Cf‘? 3hhqu? u’ﬁg hat react 9&\;}}6@ 19 aﬁaﬁv\%f %ir)asur ace o
sitrEacBBihty gtdmd oemoved agaitse the'lﬁmd na bnice todxeamwra yeagerial from the
process is 5 commonly referre

e Ridane. RGISHIERY D% IR SPPBIFa] Cap o PEiias ligugs that react
Wt ltE Fzgf 'tr\éﬁrfz’icg B asy "tﬂer %nfHohinags ’_[‘h%eaﬁo@é"de%bﬁ@&l PtBcess is

artic or'refine a sem conductor surface
camthohlyaréieded hm o]mrmcalhaeqhamdakmanMetldnﬁCé\éB prgeess.

slurrie The siLve ar ene aIJ
S Ubp A s o Ot iy otof SIS FhAY ARG 1S aiy or refine a
&ﬁfobﬁ&&?or%ﬁﬁa&eanﬁ%ﬁi%y Slirkdndte tR8A&AFoNDS foregdibg sltides. The
, 194, 317; 6, 234,875; '5,692,950; and 10 6, 007, 407
awaswh adticke gencwsilp orcldsy awybpa@f@ﬂéﬂ&éwn TREamBleasf ich abrasive
|cIe neral e @S ¥ &
ol nEROGEh Lo MR gl o344 B8k §ASH Y86 B 93,602,950; and

clonder wmah ldﬁeﬁncorb&@tedbiyaﬁfeV@mar Th@ hl&a:kl% avioteagenenilly has a
with a sem conduct or wafer surface, aoften in the

tcpqtt@g@ ﬁ‘@r@sw@ﬁurgaowmqhq@clfuﬁ@ﬁﬁb@amw Reﬁtlcc}e IPResseddn éﬁ)(nédc@ In use,
bras(ijve]c aX“uaF # &)91 a%teld%?l‘a{ a Qéml'fa'@ﬁcﬁfc{cﬁ‘ Ly o0} shﬁﬁce W?tteﬁ Fn @@ Presence

er surface. The working
olf ) Wdirldn b $1qﬁ1|dpbv1th d rhaticniedagisd ﬁllmbéle aofngteHeywaf enat¢real on the
chem cal ly nDdlf or. ot her ilitate the re

“@fer@nﬁ@f@fﬂqk‘afr Blagatomiife SeT SERCpr ThRE Ol BT RE to the
%(dee alge:wﬁf%?toac@&%ﬁ‘ﬁd Fl? n%&lfycdr%thé&&m&c\ﬂnaﬂe&ﬁe fdmdval of a material

asive articlé wth a subpad in wafer
ﬁp»hraﬂna rsifadd afithewafel vader the ackion obthe abregesiartaié.e
effects. For exanple, sone wafers may experience
deI am nation at |ayer interfaces. The present
Watl on is directed to a new subpad and a net hod

of  YRkLRY a"ﬁxv%&' Qbrgﬁgiz %u:[ Qleswﬁl? WA d anehatd Elaﬁﬁﬁbﬂﬁn@aﬂ lead to

using a sub pa resu In better pI anarlzatlon w t hout
sbine undetesble abkets. ermaampTeh go1pe BRfars ma eEparicone d@lammatlon at

1%%{:6 @fgageg g’gﬁm abr {% t?étt%gi actegﬁpg i;l?s L0 p%é:alé | Vr%ethod of
u@in%’&esﬂ’b hé. @Hrs%é&v%ﬁ'aﬁ@ i h&thbdef W@ﬁlb 28 @esu R i Petr

onpri ses a resilient elenent. The resilient el enent
pﬂmsnmtmw@wtﬂ@md@%@bbfefﬁ@t greater than 60 as
measuyr,ed u5|n

TV 2240, /
e/ LB SB PO TS O R e S pR e S i  fred abrase
15 hadvh Bebpaef TRE Fikedgbrafpé Ylement is co-extensive with the subpad. The

subpad comprises a resilient element. The resilient element has a Shore A hardness of no

greater than 60 as measured using ASTM-2240.
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"Surface nodification" refers to wafer surface
treatnent processes, such as polishing and

w@b@aasiszd ng; " Fi xed abrasive el enent” refers POI/ER2003/041364
abrasive article, that is substantially free of 5
unattached abrasive particles except as may be
generated during nodification of the surface of the

pi e p -at | e fi xed abrasive
Thé‘?"e%f’@ﬂrt Mpgﬁ%t% 1_111‘3@& d“ﬁﬁ% Pﬁ%%uodl s§§ }e}?e abr asi ve
par trggHBse modifit aint Ire‘fEﬂSScb onidr susfheertraagpent PEOCGEsse.rsuBlk a%

fi xed abrasive elenent refers to a fixed abrasive
pobslgngnndplgamznéﬂn arly a fixed abrasive article, having

NUNEEOHD 8 sﬁz%'e eg?eh@ A (oSN eRatiaghitls sughmtiblipfree of

| east “a por It's thickness such that renoving
unS@ithed @bratike ppmctes ckept at majbe generatoddering mgdification of the

u%lé%g&r tlbfzﬁ g1t0|r g)g?q?%g %]Sﬁ aﬁ%altltrgl gnil}%a é)lﬁgl:qa‘ﬁ a&ﬁ%{eﬁéﬁérﬁ $nay or may
not ﬁﬁﬁ&é&ﬁg&?g\@ﬁqmvggg{h@@s describe a fixed abrasive

enent ers to a fixed abrasive el ement

par t 1’1&m¢eammenaonalkwelab$eé§p descape pdixed ahré‘€/’1Vﬁ glepagnbsders to 2

rﬁ%laagp\?eg Qn?@%&%it?cf gargfn 11%}{6%%10 S?%SarflclzltA{aﬁa%?ﬂ erous abrasive
pa?@éiésee‘ktm&g‘ﬂ]r&@hbﬁ@t 1048l aypptiew bfies mlcﬂcﬁxssu;uédthat removmg some

hr ee-di nensi onal abrasive el enent conE ag abr.asi Ve Jes
ot};thw pmblevs atithd swifargelring pHmenstadion Epges ‘i‘lﬁ B4y g Rt

caﬁgbr'[ﬁg? E'OI}FHS% %&n%n%m%h%ﬂ&io‘ﬁe conposite having a

I's the 1nverse of the nold cavity
whi chrdxsure@twhdradedid dasciitren ﬁmtbaizram*ee elpmentiyefsrs to a fixed
removed from the nol referab e CO
ahseiben cmpeh P tipHasy srxebirasyo gubls hPErESTRRTPHfu nd recessed
rgx gﬁd t he exposed surfaces of the shape before the
rasive article has been used, as described in U.S.
Pat enibrisive Sorﬂlmtﬁ'lﬁeﬂ{@tcewof@t plutalify ofxbapmd hefies which

Description, of Dra ur.e Ch
coflegi BF PEb o6t e osoReH e i S R resive
Q{ﬁ%@gﬁdhﬂggngﬁ(pn attached to a three-di nensi onal

textured, fixed abrasive element. Figure 2 i

S
cr os Preeisdly emedab@wvgﬁomp@%ﬁet refersde am @iy ﬂomPOS“e having a

mg?c? aéh@?f tﬁl%t 18 t}ter}ﬁgeggedqdfn% o |02)c{]n§1 vﬂ&@% Is érgt\éﬁ‘x?& laﬁgr the composite
hAB 2R rMBoRIJETRA the mSWQ; fie@iiity,Ihe Sompmwsssmwnildbaﬁee of

view of a portion of a third enhodi_nent _of subpad
althgvppasieles prainding tsyond the rReed SUHAEH pEibeahrms e oA 4 é]ile abrasive

ol eBttpii SRR L R, AP OL LRy

|gures are cross sectional
vi ews of nunerous enbodi nents of the present

Brief Description of Drawings

Figure 1 is a cross-sectional view of a portion of an embodiment of a subpad of the
present invention attached to a three-dimensional, textured, fixed abrasive element.

Figure 2 is a cross-sectional view of a portion of a second embodiment of a subpad
of the present invention attached to a three-dimensional, textured, fixed abrasive element.

Figure 3 is a cross-sectional view of a portion of a third embodiment of a subpad of

the present invention attached to a three-dimensional, textured, fixed abrasive element.
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invention. Detailed Description 5 The present
i nvention provides an abrasive article for nodifying
wanoognpmsged surface of a workpiece such as a PCT/US2003/041364
sem conductor wafer. The abrasive article includes a
textured, fixed abrasive el enent and a subpad
conprising a resilient elenent. These elenents are
SUDS FARH AU AP GAPSbRISL I felirs SR AlmOINE b it Hhe present
abrasi¥e elenent 1s preterably a fixed abrasive
iaehii@l.e. Sui tabl e three-di nensional, textured, fixed
abrasive 10 articles, typically conprising a backing
on which is, disposed an abrasive |ayer that includes
Dagtagled, Dgs¢ripfions abr asi ve particles and a binder in the
for - . r
st na i pEsElt S ARG B B A oS g B cxposed
salif®elof s exbrkpiecesunch aas sdzrhmsmdmttcfmdfaf&e dHerabthsBre aPadle nfcludes a

No. 5, 794, ich is in orated herein b
(OiteE So8 DSV R Pt 4] 4 BRrd PUTBEeIBs £ Fesdhegr Demept. These
eleﬁne ﬁﬂ%&é’&b‘sﬁﬁﬁﬂﬁ%cﬁktebﬁ@@ witARGcH @k TRBYix8d §58&Ye clefent is

subpad. For 't he purpose of the present invention,
ptetfierably i fixed nbraglvemiivle. h3wtahleShmealimenfiomal rtezsisre(daﬁxed abrasive

sured usi ng ASTM 4 r eat an. out
AR Pl e R o i HaPcier ap ah2eue IS fut
ifheRs e gldrﬁlﬁp oBBBYdtive Bartit RE afX ABRIder MQhe B8Rl prelddffmined
about In some enbodi nents, the Shore A hardness of

peitren.rand imatleatls fot esvemithemsn semicpadupteravater preasssiasse diselosed in

<A R RS BRI o 09 10 P BB iy
rge@Beeenbodi nents, the Shore A hardness of the

resilient element is greater than about 1, and
cer t aPpaAH e ATiss OF ﬂtermesreafswwm lmlé%ﬁtleasha%e @sﬂlent clement

1@39 5pfaa‘dh @ijﬂ]l%iﬁrﬁ e 8f ﬁl%#)? seﬁtrlﬁ@erﬁll%ﬁ u&l]@ %esﬂi:éng ﬁ],gﬁqgillt 1’1&% a Shore

Crogs secti o vi ew of an exa
Adiarmeﬁs fosdhea@red bsiag AT M}DZZGD)Eoiﬁldﬂ sedtdr mhetn%om &5 eTlntother

B aiintss e SO Bamngs IE R A INEHON EOPE GBI not greater
th%H kﬂB@iﬁ 210 1h B&hE 888 o@inch Bt SPBR: Aﬁlhﬂingss%ﬁﬁ@fysﬂl%gt é&ﬁent is not

'east one resilient efement 14, which is attach
gte@tet thanfabsagd O, aipt mgierteinendodinnents thel—kmﬁvmrqlemafnt dies & Shore A

AR T S o PR s ST e S her S Bpess of e

réaﬁfenﬂaelﬁeﬁtha Fre@ﬂ:@ tHa@SbbhteN tin@Hh RHaiRHbodiBESRs ttﬁé‘fbsﬁi&ﬁt element
rig el enen or any conbi nation of resilient and

hag @S@TélAeh?@n%S Ofmaiﬁh’éla@ﬁbﬁﬂﬂnent shown in Figure 1,

t he d elenent 12 i et-ween

rosi P8R B EHRR oo iah el R B Bl B b s ot ixes
ati@sivd heicld 6xedd ab BaryRnepo BB tindbdings subpa¥Q0 and a fixed abrasive

2004/ 062849 PCT/ US2003/ 041364
element 16. As shown in the embodiment of Figure 1, subpad 10 includes at least one
rigid element 12 and at least one resilient element 14, which is attached to the fixed
abrasive element 16. However, in certain embodiments, the subpad has only a resilient
element 14. Additionally, in certain embodiments, the subpad has more than one resilient
element, more than one rigid element, or any combination of resilient and rigid elements.

In the embodiment shown in Figure 1, the rigid element 12 is interposed between the

resilient element 14 and the fixed abrasive element 16. The fixed abrasive element 16 has



10

15

20

25

30

surfaces 17 that contact a workpiece. Thus, in the
abrasi ve constructions used in the present invention,
wo b@40631d el ement 12 and the resilient el emrenPCLASENE041364
generally co- continuous with, and parallel to, the
fixed abrasive elenment 16, such that the three
el ements are substantially coextensive. Although not
[ C 8: :
SR 17 O o R 22 PR e e AR pecd in he
posset ineerftion, the migolosleluentdr? and ftkes resihonti efle:mattlléra,re garidrally co-

A GRSl e [ s B SRR A SR e
RO df@@ﬁbs%uhlﬁbeccféx&%gw@b@tﬁbﬂﬁl &h%ﬂ@»@ﬁ il gglga‘:i légﬁ§ce318 of the

backi ng 22 having a surface to which is bon a fixed
regilient Elpmentl/eis topicallptrtiebhddrio laypdasen af 2 m(aclpne fatetmicvndedor wafer

n?o%ftic?a'ﬁg{l ggsl’ld% c%r i S?( e gft )é%r ggal[sf/vgl Gj’? ?@g 88,1%@ a%he sémiconductor

“fyf@persed in a b| nder 30. However, as stated above,
the fixed abrasive el enent, and therefore t he

abr adissioWayRFigurl, this embedimemt af the fixed abigpize ielement 16 includes a
bgf}%%ﬁ ﬁa?vm Qstg J&@E gigpcglﬂg %ﬁlanﬁ)& aio a&ﬁ%é&? ag,dwﬁlch includes a
psdeda&munecepa%&mmfsa ucihitasf ﬁrb@sﬂy Sl@ip@d ulbldaﬁe th@posites 26

t radena I.C-1000 an |C 15 1010, (available from
CRGREPNS phjasive REFfler 28 disperserhtr piRde 0o KA IVER &G Statedaove, the

2B Asthy G el@ﬂn@ﬁ‘fe Qﬁ(fthet%%@sﬂ'lé’ Sorh eelﬁ% ﬁjgglﬁe ?J]Fee of dls{:rete abrasive

conti nuous or discontinous on t n cer
pattiblssi Freether, enttwdevents, thdBxdéd abeabl‘adoaflaaentes eantloml ﬂ)r(maﬁple in
the fixed

I T M TN Y TE LT

100 Yavad ¥le Beh Rod meEX s
fur ﬁ}vgr eiarrpl eg Iesg ?ﬁ?ﬁ&a%taﬂgg@%gggnw%@ﬂ%d ;ﬂ)raswe

clemgiise ior@i@daw@%:nayeb@t Qmetjuousmr éescolmtmems ootz backm)ge dn certain

eﬁ%}%ﬁfsel}{ 1% e!t‘\';ﬁptih g xed %}2&8@ naﬁh %q%llr%gr‘t%ﬂé@gmln some

emb(v/chmehtsmha figed@radiv-erialyeehdsa Y’cﬁlﬁfgl’ ﬁﬁb&uﬁ@@ﬂ%& than about 300 MPa,
conposites. That is, other textured, three-

fogiexenRe e thay 75 MPanprdisi fpehes| cxpmples loss thapabeitsd E)Pa.

e afBp g Bu ARt utka e FB Ao, AReataste stemont
h0f2predisdlg SRapediabrbiva rcem§5s1tel§ e piaasive tohipsseti dhsif the present
. reference. .There ﬂgcﬁiﬁghl nt erveni n I avers of adhesive

ISPRUTHET DofEadie o cRiBRpSiten dhobie: She lextured, three-
dlﬁ%ﬁ@ﬁﬁnﬁﬁeﬁbrésﬂ% éﬁ%ﬁ%ﬁé ¥ Ip%@%?ﬁlgéﬁgﬁ L0 osé: Qlscl gﬁ I?S Patent

as shown in the ure , an a
Npa§4%58 P, iand il S ﬁ@phchti@atmbhmtidné\h’ iU Z;D(HV(HKBEQS?) bﬂnch are

1man he backlb ﬁ 2 of the fixed abrasive el enent 16.
ﬁ??ﬁ%augjt#eﬁ%’? ¥ %féﬁ‘? €% Figure 1, 30 there may al so be

an aghes e He@ﬂ‘t@fvehl ?%Mssﬁdadﬁgsfﬁbe&rbtfl&%ttﬁﬂ%&t ?#(%H?Qétween

12 and the resilient €lenent 14, and o e sur
the gageusiaemponsits pEthe abtasivegonstefictios For example, as shown in the

embodiment of Figure 1, an adhesive layer 20 is interposed between the rigid element 12
and the backing 22 of the fixed abrasive element 16. Although not shown in Figure 1,
there may also be an adhesive layer interposed between the rigid element 12 and the

resilient element 14, and on the surface 18 of the resilient element 14.
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WD 2004/ 062849 PCT/ US2003/ 041364 During use, the
surfaces 17 of the fixed abrasive article 16 contact
W0 b@4ineaskdi ece, e.g., a sem conductor wafer, tBCTD82003/041364
the surface of the workpiece to achi eve a surface
that is nore planar and/or nore uniformand/or |ess
rough than the surface prior to treatnent. The
undet | yi ng_conbi ' h9kide aRftld BStdut@nthe workpiece,
eIeﬁ%ﬂ%gﬁg?ﬁggg&gﬁ%%ggOgﬁgﬁgsggg%bgﬁ abr asi ve i d
e. %?Péf‘&ﬁﬁi@@ﬂdu@tbr twhdir, substifinhe aiifacend ticowerkpiese frehivgBairface
opography of the surface aof the workpi :
hebgbriars Datader ST U (T Sy P O shflact pride 16
tr Séﬁrgéﬁta %ﬂlhé{r}ﬁﬁ%@&ﬁmﬁﬂ)ﬂ& thd@gidaaesiiumo giemphtp ofthe subpad
THe”'surface of the wor kpi ece (e.g., the sgacingl hy of
progideeanadadecenttridmnihy subsiantialy soripaaeiodhc § obal topography o
sem _conduct or _waf e durin k] j ile not
R SHESEIN 18 HEKHBPE Yot ONGE D SRt SO R ehl
suibgt\éﬁt@%igﬁ%nﬂrlﬂing@dhé WcdiQopdigasiyr fabeswfact héthaorddsbieew(c. 8., the
I'n order to achieve the desired | evel . of Blanar

s OEn ey oo VR s ST SR EH B Pl o surace
m%iq ca@%? ;A%%Begﬁ@,: tﬁg FithdiYe %cﬁggl{xﬁg}% | gg?&%t deshti@twill modify

upon waf er and the _
thBRBIFGAIITRNWhEDisB irchrdiit toiashiemt Grediesired lawelwé plangsity; Haiformity,

nature of any subsequent prqcessing steps to ich .t :
gyl T U B Aot 61 PR G- L S TEpethids desiced
odijent: i | EatfoR GoipwBiSR A is intended,
S e S R T (St
a9 @&il bi #Btharkeatnty sAiskqacs prasessng gypsdo Wirelsthg vafer may be
sensitive adhesive |ayer 220. Figure 3 shows anot her
suigstrst nent of a fixed abrasive article 306 the
pr GZFJIEuxé %‘é’l?d%é AR iheBabSdihedt &1 anatbrabloasiisle 206y Lthe p2ebent
is direc

tly in contact with a resilient elenent 314
irR@ntforg UA dix ed Abtativ o elghenir2 16now aaxs Fpntedenamt & fhategpied by a

enbodi nent s the ab I ue | ¢l e :
e e A e
A€ ki@ #B2Ahe Bresdrit iSlenfisrg S&ier¢n 2 dixsd bbrasivatiyes3eis directly in

ayer 403, a rigid el ement 404, a second pressure
cowagivitheresdighedement3dger 405, a resilient el enent 406
and a.thir L SiTon | @éac?ﬁ & EmbéiREnts HP the abrasive
Fi gur%%guﬁ@ f%gF%E%SJPES@%%&HQ&%;?? e 408, a barclzlii ng © _
AR ofthé pfesént PiRBGIE EFigenrsi(h) ieluds afthwlsibvasiveadfds a hacking 402, a
a resilient elenent 411 and a.secqnd

ﬁsiﬁ rpgq:ssmr@ée@é\th\@sqdp@siyeal)agc?r 402 ,1%)'1g1d!;q Eme;rg 2@%3%“{?&%%@5% sensitive
aé]%;%gv%ul?ggr AD5 Vaere%iﬁ¥§tr eleﬁ‘%é’ht 486 BACK DM Eé%measeﬁéiﬁ% adhesive layer

sensitive adhesive | ayer a resilient )
A6l e FRite 4B Gclales edbwd ahiasise 408, amakingidP8, afitsbricomure sensitive
| ayer 417, a rigid el ement 418 . and a.third pressur -
agbapeva i i isn) dlyent 415 At oereld PTG ALY Ghesive layer
422}? ?ﬁg@l@r@in\fﬁldka@é( BkedARasive 10§81 413e0backir@i eI, a 425k paddeure

rSt pressure 30 sensitive adhesive |ayer 422. :
sBhsgtivecadhBsive by, a rdsilicaticlgmenist hpea peppad pressure gensitive adhesive
resiljient .

il el enent ., 424 i r Jur e | £ %8419, Figure
T
4D includes a fixed abrasive layer 420, a resilient element 421 and a first pressure
sensitive adhesive layer 422. Figure 4E includes a fixed abrasive layer 423, a resilient
element 424, a first pressure sensitive adhesive layer 425, a rigid element 426 and a

second pressure sensitive adhesive layer 427. Figure 4F includes a fixed abrasive layer

-7
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second pressure sensitive adhesive |ayer 427. Figure

4F includes a fixed abrasive |ayer -7 WO 2004/ 062849
WOEDALOSBOD3/ 041364 428, a backing 429, a firsPCT/US2003/041364

pressure sensitive adhesive |ayer 430, a first rigid

el ement 431, a second pressure sensitive adhesive

| ayer 432, a resilient elenment 433, a third pressure

i 1l [

435 AVHHE 420 0l e M en Rl B U LS e lement 431,
a 4@0nd predhirh eergiiiveldheriveasyarat 32 onsssilisnt ¢lementai33t dithird pressure

present inventign are parti.cul arl uitable.for use ..
sdpiiie rusaedever dts tsrtiEgH et 437 fus OULI I g HRE onsitive
a@REWVERRApEGIQr wafers with circuitry thereon, or

bl'anket”, nonpatterned wafers), they can be used wth

unpr ddtbesgthe nbiskian korserugtionsf thecprayeniiventsorgare paticularly

T ~the abrasive constructijons_.of .the .
TRt B b B GeE SRONEHIS gt g s P88 §Bthiconductor
WAl %RRdHehias (NGER, or BRnldienipait&BeDivafird) shb@at Beoused with

the resilient elenment will vary depending on the .
R ARsEId grdnankde- g ieeliogp Wpfercas ek fT_ng_% thgrigprasiysugpnstructions of the
px{%?én%%ﬂ%ﬁtigﬂ EATPRL us H@c?pc?l[bﬁ%? lr”aﬂgrliépé Ldn@bondub Rt W%%eg. of

e Wor Kpi ece surFace, € Pype of apparatus used for
modi The cighitef matefials or theregilienpdlanatiwillngryt depending on the

surface), the pressures used_ in the nodificatio
CRrRRSELg!s ofthe Wetkgiccg it P@@j Byerkehramiys %ﬁmslﬁt ?ﬁéﬂape and initial
IR ES VI ind ‘R}%ﬁg‘?‘é&g?ﬁ%@%@ ft&l“b%?gia%giraﬁs Wedderoy ﬁfoﬁﬁ&ﬂlﬁe e dRface

sem conduc applications.” T
(enga} @rnealzéngsthe satfdoe), ftlog prasserdsmisechim the bpedication pwcess, etc. The

B SHEES ASL0R L5 L%, I B L GBO200,

sénBSH®BIor vRIFARRSdifi8fionlpplicanP! e density, tensile
strengt h, Shore hardness and el astic nodulus. Static

t ensTbhamatesialsragitelile forgisd imhe svbnaidsan ha charagigrepdiusing standard

nmeasure the Yqung. ulus 20 (often referred to as
P G RoNB T fo EREmF s B B G prent
pﬁga?eﬂéﬁ,lfﬁﬂeiamle JY&HdNg tsnsife @ttbr%ﬁh,cﬁho@e neeliddss aibdibbtic modulus.

E345-93 (Standard Test Methods of Tension Testing of

Stetie saopior testing oI eigid paterials gan fpusedda sipasig thentovpglisddodulus

550l IR SRR LR s
YdheigoMe dis of @ asdtdleASPVOPRIS-92StafdaR asst Mahodd TATSId Testing

D882- 88 (.Standard Tensile Properties of Thin Plastic,
obdletallicofqil) cam bp aseds digr megruring s Xure e ModBive of pp gtganic polymer

BRSSP 0SS R o1 8 s T s o e
Propeliies 5§ Plaaticsh endra TV BES2-88 i(Bignddré Tersite Fropertibmeof Thin Plastic

I ghest nodul us mat eri al . nam.c c ressiye testing.
SBIPrCR DEIBH BB e fBE oD TG o g maldial, the
YoRuR MR aRA WU dvafdieeh &l @ & Sfle 1oniAste bRIuBIPEADS: Qbasured

el astic nodulus) in the thickness
using the test for the highest modulus material.

Dynamic compressive testing of resilient materials can be used to measure the
Young's Modulus (often referred to as the storage or elastic modulus) in the thickness
direction of the material. Herein, for resilient materials ASTM D5024-94 (Standard Test
Methods for Measuring the Dynamic Mechanical Properties of Plastics in Compression)

may be used, whether the resilient element is one layer or a laminated element that
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30 direction of the material. Herein, for resilient
mat eri al s ASTM D5024-94 (Standard Test Methods for
woe@g0638my t he Dynam ¢ Mechani cal Properties 0OPCT/US2003/041364
Plastics in Conpression) nay be used, whether the
resilient element is one layer or a | am nated el enent
that -8 WD 2004/ 062849 PCT/ US2003/ 041364 i ncl udes
TRy [
m%dg ﬁ glfﬁésr&t%ﬁg@\%aa Iqei‘:éreagr I‘f‘éesﬁl e@xﬂn\é’terfa o} Jch%lrl%t‘.r)erall
rédiiett denfontrigels) Myveal YoungsMedudis Vabssof barnthabatent 1(QIDMPa for
for exanple |ess than ahout 5Q

xpwg?me@ le§s Weaabed SOMP peHereq, thechoung sely;@ﬁlﬁue g? tli'le resﬂ1ent Clement is
d%r?}nﬁ QSITM P§6M %%ﬁe%clﬁ[&s@ Hﬁe&gh%lfﬁ%%ﬁat‘éhﬁl% b @Bgree C

terla at 20 degree C
alm(elldaﬁdwxbm a@zﬁel@adkdfaM RS Vi abI e resili ent material s can

| h b it | t hei ; )
ot oSt e e Cae el b spn 7 hadote dvatyetige thei
steef anaanen. 38&@5 Rélab@'tloﬁ‘ Ebdevaﬁﬂaﬁﬁlw deforhf"n% b ARtRl i Bslding it in
state while the force or stress needed O mai ntain

thdaletormead siate Whilnihgdonce dr stregsingagpil éo mewitain éﬁionmm@r is aegsured.

. t he...over i ent el n re e retai
sty aSuihienah o SR L STERL BR) Bitatlu bl st sbou
60% Yot prefegatilnbt leadt o motd) od tigtingmgy @f)}ﬁl&fd shids after 120 seconds.
seconds. This is referred to herein, |nclud|ng t he

This a3 seferreddo fipeein; ingipding Hig chimsss' the’#emiagmweftteﬁfm Fdds determined
bgﬁgsft héﬁﬁ)ﬁgﬁﬁ@’ b gﬁgﬂr@ S{{ %a@e?ﬁgéc?lfgénﬁl?ﬁ tgnﬂ:t‘i’c a|t %Sréte tpan

25 A inirh/abinste rvagbaroinit8 sk of 83 &Bh lseachdaved atrroomm temperature
tgﬁg rature ézo 25. degree O., and ngasurln t he

(20 >sﬁ1 mgagpring ih ezremaﬁuee%iresas RS TOIEGH
mat eRés’i‘i é}t fRltert € ok gsé ﬁ‘ﬁh@%réﬁ{ré’ &rﬁ&ﬂ&i Q%Euh B8 §el§@fﬁ B6m a
sel ecteé roma wde variety of er|a s. Typically,

wideevarietyi dfineateriaimt "éypweillyl, ﬁleamlbeny matemqbesl amn@Eganivpblymer, which

5P BB DL e ORI L o ok BP9 Aheregoy BrapPgric. The

mhRHAR geRerlBy Hﬁﬁﬁ% bk Bsdrhll reﬁheﬂme@éﬁa@é Sro S SAPNErs that are

polymers that are foanmed or blown to produce porous
foemgé ot blogtyrta preduss poxgiis @tgaaxcestmytpreeawhgﬁhraeef fopicelly refemgd to as

Such f I
(iR AE N G T D g
th‘éﬂﬁépl%cfétﬁsmeﬁ bdtH.as @elym‘sm solyeBRtsy ?Blydﬁﬁdes polyurethanes and
pol yur et hanes, and ;ogwﬁ%ners ther eo for exanp
e

copiuagss therspht ﬂeéﬁxaml lessmihetia fhesmeplaptic ¢1ﬁ%q>rueré include, but

e?}h‘t 11%&@ {bOtchlo énee %Yg IS, %IEH &E@ﬂ;ﬁf%{?%ﬁ’t%ré ‘butyl rubbers,

ene pr op y e rubber’s,

pcﬁiylbmhIiIEMJ solesoprpadsy EBDM pdﬂ@ﬁl,ersEﬁ’cDM/mgl (yHlEﬂidies polychloroprenes, or

pol y chl ori des, pol hIoroprenes
Stm?/élﬁfé ¢ a%noéweeréoéowﬁeale expmplerqf i re;ée%neteeﬁl is a

F&%Sé b BetHyiRtbn [dh@biny$ aktatE APAE ¥ f
% yet h Ip ﬁé gllegl etﬁr@{hgne vi yfl a%:et ate %{?Jﬁe Form of

af olethe sadtéreats mrmakso ibalo§ ofimerycaakisactivas of the tpyaopriate mechanical
pr%gg 1esr Hecé | 95‘1‘%151 sf I\/Itogl‘ia'lu ggc{ reg‘[alma}%lge stgeeeg E]r? goml?rlessmn) are attained.

Polyurethane impregnated felt-based materials such as are used in conventional polishing
pads can be used, for example. The resilient material may also be a nonwoven or woven

fiber mat of, for example, polyolefin, polyester, or polyamide fibers, which has been



10

15

20

25

30

properties (e.g., Young's Mdulus and remaining stress
i n conpression) are attained. Polyurethane
w0 pgeepsas ed felt-based materials such as are PEEUS1003/041364
conventional polishing 30 pads can be used, for
exanple. The resilient material may al so be a nonwoven
or woven fiber mat of, for exanple, polyolefin,

' - nal . her
el R S O ARG O e MU BE o PEER, TR staple
of @bgtantidlyyeonthiaisa) theliter fiaber s may be of finite

|l ength (L.e... stapl e or subs a continuo

t ne PP iafieRapRERis 45 o Wr i haceis P ore gLt the
fé§é‘%ft Eﬂvehﬂoﬂ henak 180351 laMEn %ﬁﬁfeﬁ%ﬂio@@ §ol@ﬁm€1é1€the ﬁﬁ&e?ﬁﬁ'és VOLTEC
|nvent|on i nclude, but are not Ilimted to those sol

VOidQrA typs BEQ aw@n@ndbfomm@m@cwmmmlabyqa’@@of diclise d1v1s1on of
el |. foans, m;erc:la avail able from Voltek, a

S 93P§¥B%K3§IQ§ ffca Corp., Lawrence, MA. The

abr aShy gore QRS Ednsahets o@thelpi@cht 866 on JaM Gt @ Machal® means of
further include means of attachnent between the

atjaghmeiish et weRHGhe HedouseppeRep | ot %h@pk@oﬂ@tqomtmcaﬁn shown in
F%ppemﬂs pgepaﬁlt By armﬁ)gz{tﬁlg%rsﬁgégtro? ﬁymgt% sﬂg?t%f ﬂ]ﬁ?l?etniglatenal

resi ent

Lhmmanm bbthes twiohelareritywCanch ecathizt ed ba anﬂoef #odricty eficdnymonly
f t f I K bondi t hod
k&%hé’oc@?q%%&{néﬂ% SHEiHIoy el sy Bresie PRy adhesive, glu, te

12968 c’hanl fg a%%h't@ mEéIﬁmcé?ﬁé?c@ﬁng G%?é@ﬂlﬂ%ﬂ& Wegilrrl]% ’thermal

asteni ng devi ces rasoni c wel
barergyalicrobenctactgyatad hnndmyef the tike.af Bembtivielyy e rigid gdrdon and

e gl pLRrep AL Prbbed eI e B b Sispstigtion
t ogetiaEalRY 1£8A8¥H sy e@anenléls TG abhidyed dRatraARdResive, of the
el enents i's readily achi eved by use of an adhesive, of

presare @ne@s@ pehaangi tybe.eSwitablrpressuta sengipie adhestvabben be a wide
ve .adhesi ves. ca

zﬁ—'n g}ﬁ %‘ﬁ{n?%hgy %Feg PIessUfe gerggwgﬁfif%%"egﬂﬂgﬁ‘ﬁwagm no¥ 11m1ted to,

thbﬁHIBaldéﬂ Sxgnathtal rubder, |(ndih)ey15@ polyines EnPesR%y s NAS Wk AlBA
rubber (meth acrylate pol ymers and coEw]yners AB or
blagknconglseeses ebisryperiagicanbhcresush ab sitane/butrdirne o siyetneAsoprene

LSRR SOLSOE ekt SOELLERRLBRR2ErBNRShg i o

HeiAT O ek Shelpolyaidefinsc Sluitflsle hot droiu sdi@sived BX1lude, Wit are not limited to,
@f% yol.efins. Suitable ab mel.t adhesi ves |nclude but
198 3gety qtithe eqmingnly uge %rén%%dhéflyes@ﬁuqlw thesergprd/on polyester,

9B ) s i S SRS A e

reqymmmmﬂ;s ofathel adilktemel akcethaﬂ‘ i haqﬂutfﬁ@eml cehesbrrustrenpirdng p@él resistance

T e S GBI\ 015 P el SO 0 shear under the

cRdBIMRE b§u§eoaﬂd3ﬂﬁﬁt #id 1@s1E’t|aﬁ‘tCt8 cﬂéiﬁicﬂgde;éf*a%atl&lﬂ ahddricohditions of use.
resistant to shear under condi t1 on use, and.

t hat The fixesl abeasi st dementcae h@ﬂﬁtached webe aaaptaid @nrtwmdﬁrthe

con? t%jc'tfoln the? ganlljesr%eans outlined immediately above--adhesives, coextrusion,

thermal bonding, mechanical fastening devices, etc. However, it need not be attached to
the subpad, but may be maintained in a position immediately adjacent to it and

coextensive with it. In this case some mechanical means of holding the fixed abrasive in

-10-



10

15

20

25

30

The fixed abrasive el enent can be attached to the

subpad portion of the construction by the sane neans
woeaokiosasdd | nredi at el y above- - adhesi ves, coext r BPGT/0R82003/041364

t hermal bondi ng, nechani cal fastening devices, etc.

However, it need not be attached to 30 the subpad,

but may be maintained in a position imediately

pﬂlgia ﬂﬁl?é% deQyilithc3BGLiFRE XIS b¥Rebhthitd retdiBineHry, 6&88n, vacuum,
sone Rani cal ans’ of ho éing tHe fixed abrasive in
etcl0 WO 2004/ 062849 PCT/ US2003/ 041364 pl ace during use

1 TR ahR e 20 B S Bl St Pl e
RS TdgRRE s ch loPa kiFichh %&g fop &mmaﬁlhﬁafaoaoit@bﬁw 5;;)%1} adhesive

use'in nodifying the surface of ‘a silicon wafer,
oprgangcal meantayudbens placamiveidiny refpiningray, {aasios, youum, etc.

pinl e slocaned . orc
i o 1ot aep TR bRt e bR REP R n HTER (R gy trpes of

nfkhinBefop pRBefiting BaBIRbhARIG LIRS, dsSeswen kieny it fHeest fof use with
machi nes for planari zing sem conductor wafers, as are

pokishingppsiwang posmabrasive slgpriegsiaxanles ofisyitrllp maghingriincindg those
' ReS f i ' .

sold BRGrARE Rk MR e e NP RTOR W EH P SRS e Pppiicd
MritdridEISahia \HEEaRCALSHER (from Applied 10 Materi al s,

Santa d ara, .)...Typi cal |l such machi nes i ncl ude a

head umcfiﬂwsmcf %ila%?%rmﬂ&ﬁ?j%??ad\/ﬂﬂ“c‘fr{l%hé&?’a?‘?fé’ﬁ&%tW@Fh may
e B LA A P afty ST RN TR R Al Rivipductor
waar dopicdalty, dothihe eemiznoidiuche vedferamidvie shradivd aticlpwaove relative to

ob bR P PP gkt R S g5 8o, ctptica
fahiohPA hé@mifdAn heSNb0Br a AandSAURGHE G MYHIBRNEhe alfthsiPe article can
random noti on fashion. The abrasive article can

rqtgeaneve hsady r¢laidee toyhe whier swréace or rdnecinatationasyr The spase at

VRS FO0P 08, RS Bl Bl Bmriaion

cRIATIR] Algasivd atlele] #althe Besied phinktifion cAlbdrRAS ITM @eneral, however, the
article, and the desired planarization criteria. In

wateR apHieT o eIl érraterof ebei et 000 PerRdptions gt wdme (AMat e
of ahpuly, 2530 ?&sﬁﬁ&ﬁjﬂgﬂ tﬁ%‘ﬁre?&ﬁ iﬂveﬂft‘fcgﬁewﬁf c'all%%e If}gular and
C e n on’w |

abrasive construction of present I|nve
havepi diambter babout t&L60 canprefdiable aboud i20nB0ekn, @fiora pedferably about

-200 ¢cm preferably about 20-150 cm nore preferably
2’3}\8 8@9111- JEnshepteises Wﬁr@(ylﬁa Y &t ralesofgbpt 5+ 94959 apyprgterably at a
i - I rak - of
T e e S S
mep aiso been Hisrfasin vEa aettintlows betbyr vadts dnbikese indtdnees, theatafisive
onti nuous.

BB BUSES AR el SRRt BRI e LR e
ShifiRahoEREAdN préiedfred Which Hil3%he abfaivl ®BStructions of the present
inventions typically involve pressures of about 6.9-138 kPa.

Generally, the process will be performed in the presence of a working liquid. Such
a working liquid may contain abrasive particles or may be free of abrasive particles.
Suitable working liquids are described in U.S. Patent No. 6,194,317 and in U.S.
Application Publication No. US 2002/0151253, which are incorporated herein by

reference.
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Surface nodification procedures which utilize the
abrasi ve constructions of the present inventions
WO yio6dshty i nvol ve pressures of about 6.9-138 REHUS2003/041364
Generally, the process will be perfornmed in the
presence of a working liquid. Such a working liquid
may contain abrasive particles or may be free of
abr agj N | I i | U I v
Goscy PSR, GRS S U SEL AL Bt o Gaiparent 10
thoandkiilbat ih alte £tbithoetdepartitg frotithe 00sHeGmS spiss of (ks wiverita, and it
i ncorporated herejn.by .refer e. -11 VO .
SHP SIS LB VDB S AOG Y B RR h ARREve
e&ﬁ@dﬂh@&%gaﬁbﬁﬁhkkhﬁ invention will become apparent to
those skilled in the art wthout departing fromthe
scope and spirit of this invention, and it should be
Exumgsiest ood that this invention is not to be unduly
limted to the illustrative enbodinents set forth
T dUrgs pyanpl es  Test Procedures Young's Modul us
vih& Y s Modulus of the fixed abrasive conposite
matertals used in the present 10 invention were .
det elThe WeungisModulas of theiftxed ebisisiyn compesitimetpapls pepdip dlae present

. described in ASTM .D638- 84 d .

msfgq%qn: %&E#S%E}lmegl Ssifigragtalic F(%ng{so)%qgsﬁ (rﬁlrlﬂé?ﬁ}% @éggé&%@gec{ frasT™

D653 (Siagdake Tkt Metho @PRF TeesleFropkhiiss dPIPastice and ASTM D-882-88
Sheeting). Modifications to the test procedure

(Stendevdifensile Pransrizas of dhin Rlasfic Hheeting) Mgéa"l%@lstre dhesfest procedure

R T P

pRq@ssoransieedldbrishies kmnessa baudeHiengtiang 2. Ging) 24@d 0 FFBEmm and a

Al so, the extension rate during testing is, 0.0212
igkPgss IARCTNERD R A LBHO-HSOr DEETERT AR EHE H%fzestmg 18
Oggﬁemg visually. A rating systemwas devel oped such
that the degree of del am nation was neasured on a

relative scale from1l-5. Arating of 1 indicates
Wéra]l@'lﬁlr&%ﬂaﬁﬁnOf | ess than 1% of the wafer surface. A

rating of 5 represents delam nation over

appr &%f%fice@n&m&f@% Wi Qs vGAY @pﬂf}h r‘& stme systewryay develpged such

it A8 G HRE 3% E¥Emination was measured on a relative scale from 1-5. A rating of 1

indicates delamination of less than 1% of the wafer surface. A rating of 5 represents

delamination over approximately 10% of the wafer surface.

Materials

Fixed Abrasive

One of the fixed abrasives, in coated film form, employed in this study was Cu
CMP disc M6100 (MWR66) 20 inch O.D. (product number 60-0700-0523-0) available
from the 3M Company (St. Paul, MN). As received, the fixed abrasive was coated onto a
3 mil Poly(ethylene terephthalate) (PET) backing which in turn was laminated onto a
specified subpad. A second product similar in composition designated MWR73 was also
tested in the 20 inch diameter coated, film construction. It is nearly identical to the M6100

fixed abrasive except that the Young’s modulus was measured to be lower.
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One of the fixed abrasives, in coated filmform
enployed in this study was Cu CWMP di sc M6100 ( MARG6)
WQQ0041063849. D. ( product nunber 60-0700-0523-0) PORUBZ0S/@11364
fromthe 3M Conpany (St. Paul, MN). As received, the
fi xed abrasive was coated onto a 3 m | Poly(ethylene
terephthal ate) (PET) backing which in turn was
SRS U aégIMPA second product
1\&%6{62&?3?%#%%{1,5% gl?ét)?(on déélgl:og%g?ega was al so
M@R78dibiasivtelvenosita ¥ burg’ sumethelons edétleM,Paf ilm
construction. It is nearly identical to the M5100
fi xed abrasive except that the Young's nodul us was
‘g%%gor ed to be lower. -12 WO 2004/ 062849
S2003/ 041364 MARG6 abrasive conposite Young's
Ragid\{lomsponerr?. 4 MPa MAR73 abr asi ve corrp05| te Young's
nodu 3 1 MPa, S ds 5 ne
(i gi (le"l‘llg 61%0%%1}]1%0““%‘@38? @ﬁ greSF% §g¥1?1tﬁoﬂ\%ﬁ Qcar\-l\glggate 8010MC

Uéﬁziryl@cﬂﬂ/&@l%ﬁa@e (FRO kh&dviag floax &R IR NEREHRE @M@uﬁtF*@mon ]N) The
sheetin om GE Pol yner shapes (Munt Vernon, |N).
skieEag ﬂhéﬂtﬁﬁﬁ eRrpleyed wagP- é%”amv(a@ rrgl)s @‘éthwglzenqﬁhnglmess Was

PR BRI SAREDE B G108, o M 1088 o
2t5ami0 Qther potymeshad npodrisissrosn]daisb h’aﬁ@ﬂlfaﬂ thiscadethehtal so
be used for this elenent. Resilient Conponent Al of

the resilient conponents used in the foll ow ng
t cl osed cell foans available from

Vol Vo € sl RO SR MR A e con

fccaum avaflabde ﬁbnﬁmhiﬁmaldiwsmn 3f Sé{ﬁsﬁmm&noa ICcﬁﬁZﬁamdn):e, MA).
VOLTEC VOLARA Type EO foam 4 pcf, 2.38mm 3. 175nm t hi ck
90 125 m | VOLTEC VOLARA Type EO foam 6 pcf,
%H}ﬁamf@doegoz nczfdpwnd)s per g@w@m@@w@mm 3.175mm

tﬁaf@ﬁﬁ%ﬁe)pam 12 pcf, 2.38mm 3.175m n thick (90-125
ml). presentative properties of these foans were
VIOORE O ¥DIAR Aleyps lfEpfoaer 4 petil2.aB@nsBARSminnthickiaoe-125 mﬂ)
perties qof VO.TEC VOLARA Ty
VRGBS VER AR g 6 S8 peTo2 e da i Sk (9198 gD,

VOLTEC VOLARA Type EO foam 12 pcf, 2.38mm-3.175mm thick (90-125 mil).

Representative properties of these foams were provided by the supplier and are shown in

Table 1 below.

Table 1
Properties of VOLTEC VOLARA Type EO Closed Cell Foams

Property 2 pef 4 pef 6 pcf 12 pef
Density (kg/m®) 0.00320 0.00641 0.00961 0.0176
Density Range (kg/m?) ‘ +/-0.00032 +/-0.000641 | +/-0.000961 | +/-0.00176
Compression Strength
MPa @ 25% 0.0276 0.0483 0.0552 0.919%*
MPa @ 50% 0.0828 0.1103 0.1379 0.2066*
(ASTM D3575)
Tensile Strength M (MPa) 0.476 0.959 1.531 2.962%
Tensile Strength CM (MPa) 0.310 0.697 1.097 2.076%
(ASTM D3575)
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Density (kg/m 0.00320 0.00641 0.00961 0.0176 Density
Range (kghn) 0.00032 0.000641 0.000961 0.00176
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Unless otherwise noted, the thickness of the foam used was 2.38mm. Although
2.38mm thick foams were employed, it is expected that the foam thickness in the pad
constructions can vary in range from 0.127 mm to Smm. Other foams could be used for
this element. Additionally, the resilient element could be composed of two or more

resilient elements that are predominantly coextensive to one another.

Pressure Sensitive Adhesives (PSAs)
3M 442 DL (dual sided PSA), 3M 9471 FL and 3M 9671 PSA (all available from
the 3M Company, St. Paul, MN) were used for the PSAs as described in Figures 4A-4F.

The specific PSAs used for pad construction are detailed in the description of the specific
Examples. Other PSAs and adhesives could be employed for the PSA layers of the

various pad constructions.

Subpad and Pad Lamination

All subpads and pads were laminated together taking great care to pfevent the
trapping of air or debris between layers. Additionally, one needs to take great care to
prevent the wrinkling/creasing of the abrasive element, the rigid element and the resilient

element during the laminating process.
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3M 442 DL (dual sided PSA), 3M 9471 FL and 3M 9671 PSA
(all available from the 3M Conpany, St. Paul, M)

wowesa/oeesedl for the PSAs as described in Fi gur eBCHEBS2083/041364

The specific PSAs used for pad construction are

detailed in the description of the specific 15
Exanpl es. O her PSAs and adhesi ves coul d be enpl oyed
C the PSA | ayers of the various pad constructions.
pad and Pad Lam nation Al subpads and pads were

Pgﬁmﬁﬁggdﬁﬁuﬁ@gether taking great care to prevent the
of air or debris between

20 trap :

pa Eh6i %Qlutl@ﬁ@Pr-FeEH@f?‘éilcf 4064 PEDes 47 a4 Gu YR Sption
S 10PP1S  BRAB tct oes o
tﬂeaJM m@tnpagy EStOEmH,SMN)lll“ h\i‘ﬁb}ﬁﬁﬁﬁd’ce a@®ust of 30% (by weight) hydrogen

PCT/ US2003/ 041364 Po Sol
e R T e el W R S
ra?x%'ﬂs‘ 4§55, @g’éci@ 1@@3(@/9%@%%%%@% 954/82.9) were used

or the studies. They were obtained from 5 the 3M

Company (St. Paul, MN). The appropriate amount of 30%
Wdtyswei ght ) hydrogen peroxide was added to the

oo ;Mé&? el o Hig) Gl ronabiinssbom iomnatioB e (Austin
T%gt Qe hRra338/18 Eubs‘{}é{eqi}e?s JsROLB Alogl(BY@l ISR M@aelwoerce

re obtained fromlinternational Sematech, (Aust
smyvareheAm Tha wabws Kesuiretassadesiegs SREEK Dk 09 20d ﬂ(h? [SOT 800AZ
m cr oel ectrroni,.cs, Sunnyvale, CA). The wafers were
58%‘&%%8“ F‘ffdeﬁ"éR LKD- 5109 and the | SMI 800AZ Dual
Dawascene Reticle set. 15 Ceneral Polishing Procedure
RnBgl pohie maddygs | am nated to the platen of the
MRRAPpolTshing tool via the bottomlayer of PSA The
pad \Aapaolishxglg ppd @ss lareinpied sethewlatén of theadMIBR A pelishing tool via the

o GRa OBl ER Bt PR ay Sty VAT Bg tor 10 Seconds

TNBLEA 134 Sondititined u%@tamm&#lo@@heﬁ%apﬂldcﬁﬁmm Pafisi3ng System
I nch diameter cop 20 disc for 6 mnutes at a
(xﬁpldwérMstpeelé, Tok., S@qta Cémdﬁﬂ) by pelishingranshiseh dymedey coppst (Cu)

|
R St D P el of S P Rt il carliipbdy 899 s
dem@mgfa pb2ihiftk keluflon, ARFS-nYw hidropel pebride heaptoehs padeenter at a

applied to the TITAN carrier
flow rate of 120 ml/min. During this polish, the pressures applied to the TITAN carrier

inner tube, retaining ring and membrane were 4.5 psi, 5.0 psi, 4.5 psi, respectively. After
conditioning the pad, a two step Cu polishing sequence was employed for the polishing of
the M2 pattern wafers. The first step used CPS-11 polishing solution with hydrogen
peroxide at a flow rate of 180 ml/min delivered near to the center of the pad. The
pressures applied to the carrier inner tube, retaining ring and membrane of the TITAN
carrier are 1.0 psi/1.5 psi/1.0 psi, respectively. The platen and carrier speeds are 31 rpm
and 29 rpm, respectively. Polishing was conducted for 45s at these conditions. After this
polish, the substrate surface is predominately Cu, with none of the die region’s underlying
ILD/cap/barrier layers being exposed. The wafer was removed and examined visually for
substrate delamination. After a 10s high pressure rinse of the pad, the second polish
employed CPS-12 polishing solution with hydrogen peroxide at a flow rate of 180 ml/min
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for the polishing of 25 the M2 pattern wafers. The

first step used CPS-11 polishing solution with
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Egamples?Ar?@-29 rpm respectively. The polishing time
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6 2QST ANedarrix® [Deshudks i Ingertthies préssntd wdbrepiamnigase vacuum. 3.0 p.s.i.
conditions. After polrshrn waf ers_were again :
7 eXAhiNeais Pe@h%qrar JeipgiFHRE PEsAsure PRIOFRBR vergwg 2.0 p.si

gl BRArsgf
S DR fE, PP PEmE Byl R Cba QL E, L 0p i
9 e GOANiI carrier @erchthako rikinteat WekimbExapphese b&ofdnambrane vacuum.

2A- 2D are shown bel ow. Exanple 3 used
Zgg)dﬂngﬁ‘?k conditions identical to those of Exanples

1@ ATPEAN Reged SlecirndiTliiens o %nﬁﬁﬁﬁﬂle%chuﬁ‘n.l BodShasdar d
Dechuck Conditions) 6 - TI carrier Dechuck: |nner
11 ubEl N esrsigr ‘é)edemlrr dniys fiub e presyae afien m@nbrape yaguuml 51.9 p.s.i.

13PN SR RS o T R SR, prgg e

1PeTiek cafiﬁﬂyealﬁ\ﬁ:kp rEMS U6 XaREhitiead AE Il dafer bECHAM3080 thsec
p.s.i. 9 - TITAN carrier Dechuck: Tine to hold above

pressure before rrerrbrane vacuum 2500 nsec 10 - TI TAN
‘ i E emhlean@/1d Daclmck Itmditions

6 n&zgéﬁlo c ] TAN a%gt{lﬁe;%ré)%ﬁjeuqeﬁ‘%rel N nel?rane vacuum. 0.8 p.s.i.

7 - TITAN carrier Dechuck. Retaining Ring pressure before membrane vacuum. 0.5 p.s.i.

8 - TITAN carrier Dechuck: Membrane pressure before membrane vacuum. —1.0 p.s.i.

9 - TITAN carrier Dechuck: Time to hold above pressure before membrane vacuum. 250
msec

10 - TITAN carrier Dechuck: Time to apply membrane vacuum. 750 msec

11 - TITAN carrier Dechuck: Inner Tube pressure after membrane vacuum. 0.8 p.s.i.

12 - TITAN carrier Dechuck: Time to wait for 2nd inner tube pr to settle. 250 msec

13 - TITAN carrier Dechuck: Time to wait for head to pull wafer off pad. 750 msec
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1C MWR66 3 4

1D MWR73 3 3

Pad Construction 3 showed improved wafer delamination behavior compared to
Pad Construction 1. Similarly, the MWR73 abrasive composite showed improved wafer

delamination behavior compared to the MWRG66 abrasive composite.
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20 Pad Construction, Fixed Abrasive Type, Wafer

Identification and Polishing Results for Exanple 1
waooatoBaed Vaf er Del am nati on Exanpl e Abrasi vBCT/US2003/041364

Construction Rating A MARG6 1 5 1B MAR73 1 4 1C

MARG6 3 4 1D MAR73 3 3 Pad Construction 3 showed

i nproved waf er del am nati on behavi or conpared to Pad

s LY ti@n 1. Simlarly, the MAR73 abrasive
—co#gosr%%e—shomed i nproved wafer 25 del am nation
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20
Table 3
Pad Construction 2: Polishing Parameters, Wafer Identification and
Polishing Results for Example 2
Polishing | Wafer Delamination
Example | Foam | Time(s) | Solution Rating
2A 12 pef 50 CPS-11
2A 12pef | 150 | CPS-12 2
2B 6 pcf 45 CPS-11
2B 6 pcf 176 CPS-12 1.5
2B 6 pcf 20 CPS-12 1.5
2C 4 pcf 50 CPS-11
2C 4 pcf 150 CPS-12 1
25
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20 Table 3 Pad Construction 2: Polishing Paraneters,

Wafer I dentification and Polishing Results for
wE@apbas4® Pol i shing Wafer Del ami nation ExanpP@T/BSzN3/041364

Time(s) Solution Rating 2A 12 pcf 50 CPS-11 2A 12 pcf

150 CPS-12 2 2B 6 pcf 45 CPS-11 2B 6 pcf 176 CPS-12

1.5 ZB 6 pcf 20 CPS-12 1.5 2C 4 pcf 50 CPS-11 2C 4

P 2 1 0 2[004/ 062849

——conpari son of Dechuck

Co ndi pado@m&adldﬁomag bbié&mﬁéd dsithe MXWRGBERkd SbR@ivie@d the 12pcf
MARGE6 fi xed abrasive and the 12pcf Voltek foam

Yoltakstrmg Friighiag Haseenducter trrith the niideriéchtidle pargitions. Polishing
| déé@%lte, F%ﬂqﬁ?ng Pt L mgﬁgaéx&{h%fgfsﬁ)ﬁ?p?% lt%gg)z e)t(ce{pﬁ’gw polishing time for

5 the OPSHi lrlg)lish wes b6 Be@nﬁhmmSCPS pdlsh tinesis 8D0S IO Al 8dditional 5
and th Hﬁ’a. polish tine is 100s plus an additional
sgoonds of Ay ver-pol i sh. The Wafer Del ami nati on
Rat i Soied 0
of ggnaefrr‘gﬁ feerr PR degﬁgla%%ng%oﬁhlsgg%?%g 53 tgf q%@%‘@;@l}hiwa&r of
el Lhnbcneﬁqmg)tledevdMy watherdecldekaohditdnimprdGed thd war
dZ 04/ 0t62849 PCT/ US2003/ 041364 \What is Clainmed is: 1.

4B % ve article conprising a fixed abrasive layer;
10 and 5 a subpad conprising a resilient elenent,
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wherein the fixed abrasive elenent is co-extensive
with the subpad and the resilient elenent has a Shore
wQ@\20vatesess of no greater than 60 as nmeasured BPGT/N§2003/041364
ASTM 2240. 10 2. An abrasive article conprising a
fi xed abrasive | ayer; and a subpad conprising a
resilient elenent, wherein the fixed abrasive el enent
i > O EX ive with the subpad and the resilient
V@%%%%%dlwggﬁa Shore A hardness of no greater than 30
as neasured using 15 ASTM 2240. 3. The abrasive
article of.claigéz wherein the resilient elenent has a

lShor eebrsiyefiaele cORPHYRGr eat er than 20 as nmeasur ed
usi ng ASTMiZattbrasiR 1dyer T4} abrasive article of claim?2
wherein the resilient” el ement has a Shore A hardness
of no gr eatubpad trampristogsresdmsigledentsi ng ASTM 2240. 5.
The abrasiyve .artigcl f claim2 wherei,n the resilient
el onent  REASTER & eed cbraplyechl et o oy grtgnsbrk Wit Pie-gybgad and the
1@l e SIS e BiChad 3 SO reA® Tt dAd4b f 1d%rBaterARarPbl ASh¥Rusdd st
conprising a fixed abrasive |ayer; and a subpad
ASdii2249ng a resilient el enent, wherein the fixed
abrasive elenent is co-extensive with the subpad and
the 30 resilient elenment has a Shore A hardness of

2gr eatderabidvanre atticls compssingd usi ng ASTM 2240. -20 WO
2004/ 062849 PCT/ US2003/ 041364 7. The abrasive article
of cl ai m&BIXMOEISHelREry @i | i ent el enent has a Shore A

har dness ﬁhﬁ;- ggyr 1 agﬁ red using
ASTM 224Oa?sfug9££ e arbSEI SI v%lhgﬁttl C éﬂ’of cl ai m any of
cl ai ms 1,wiran tie fixddesbedsivetdhemat ipadextanmpre witls theSubpad and the
1.Qi he fi [ I h
U EE R AR S ot e T i
A&nywiebagl ains 1, 2 or 6, further conprising a backing

bet ween the fixed abrasive layer and the resilient
el enent. 10 10. The abrasive article of claimany of

| ai 2 or 6, furth i sing.
Sgensihf ueduRReRl e er hTHpane [T At GErUdF g epre A
h@tfless BEnS ¢RARA thah DO abheasieasbivg ATNISbaoof claim 8

further conprising a pressure sensitive adhesive

4. The abrasive article of claim 2 wherein the resilient element has a Shore A

hardness of no greater than 10 as measured using ASTM-2240.

5. The abrasive article of claim 2 wherein the resilient element has a Shore A

hardness of no greater than 4 as measured using ASTM-2240.

6. An abrasive article comprising
a fixed abrasive layer; and
a subpad comprising a resilient element,
wherein the fixed abrasive element is co-extensive with the subpad and the

resilient element has a Shore A hardness of greater than 1 as measured using ASTM-2240.
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| ayer between the rigid elenent and the resilient

el ement. 15 12. The abrasive article of claimany of
w@eb@iume2sl9 2 or 6 wherein the Young' s nodul us POT/UB19@3/041364

fi xed abrasive |ayer is |ess than about 300 MPa. 13.

The abrasive article of claimany of clains 1, 2 or 6

wherein the Young's modulus 20 of the fixed abrasive

7] ay eﬁ“ glgjf"ﬁ@? attiORbf %ﬁ%ﬂ% WZ er Mﬁaﬂie ge%ﬂig%ﬂ%erﬂ@ﬁt@ﬁh Y&hore A

arti aiman al ms wherein the
h@fd:nm;g oﬁ graatdnthas 2 asfmdahlﬁeﬂ uxiag ABINAS24@. | ayer is | ess

t han about 35 MPa. 25 15. A nethod of polishing a

sem conduct or wafer conprising providing an abrasive

garti ?h@a&fasﬁ@ﬁl@fe SFlcBiBind of glaﬁﬁs £:2 0198 WIREdih B sibfad comprises
abrasive article to a surface of a wafér: and

a rigldaglémentypetwaei tige fixesl abbasaies layerand ithd resikipit cldueent.
surface. 30 16. The nethod of claim 15 wherein the
waf er conprises a material having a dielectric

9. CONSTROELrhESS artibRIDF 318Pm 2R of claims 1, 2 or 6, further comprising a backing

between the fixed abrasive layer and the resilient element.

10.  The abrasive article of claim any of claims 1, 2 or 6, further comprising a pressure

sensitive adhesive layer between the abrasive layer and the subpad.

11. The abrasive article of claim 8 further comprising a pressure sensitive adhesive

layer between the rigid element and the resilient element.

12.  The abrasive article of claim any of claims 1, 2 or 6 wherein the Young’s modulus

of the fixed abrasive layer is less than about 300 MPa.

13.  The abrasive article of claim any of claims 1, 2 or 6 wherein the Young’s modulus

of the fixed abrasive layer is less than about 75 MPa.

14.  The abrasive article of claim any of claims 1, 2 or 6 wherein the Young’s modulus

of the fixed abrasive layer is less than about 35 MPa.

15. A method of polishing a semiconductor wafer comprising
providing an abrasive article of any of claims 1, 2 or 6;
contacting the abrasive article to a surface of a wafer; and

relatively moving the abrasive article and the surface.

16.  The method of claim 15 wherein the wafer comprises a material having a dielectric

constant less than 3.5
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