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WO 2004/ 062853 PCT/ US2003/ 036487 METHOD OF USI NG A

SOFT SUBPAD FOR CHEM CAL MECHANI CAL POLISHING Field 5
woheqpoessent i nvention is directed to abrasi verariseldoss36487

and net hods of using said articles. Background

Sem conduct or wafers have a sem conductor base. The

sem conduct or base can be 10 rrade from any

appropri at e vk -

gal l'ium arsenl erials

known in the &t v onduct or

base is a diel ectrl c | ayer Th| s dielectric |ayer
FilMpi cal ly contains silicon dioxide, however, other

Suitable dielectric |ayers are also contenplated in

t he Eretpresentinvettonfis divectediiof abeasivsfartitles aidshetbbds ef using said

(gger are nunmerous discrete nmetal 15 interconnects
arid , metal conductor blocks). Each netal

i nt erconnect can be nade, for exanple, from al um num
Ek&_%%%hd al um num copper alloy, tungsten, and the Iike.
—These netal interconnects are typically nmade by first
depd&inticomyluatoe erafirn havesa deayiemdoétot basendthalsemmanddvgor base can be

ectric layer. The.netal is then tcheda
mleTEEE i SO VG PR <A sTaels O Hgh i oo i pesgpide, and
otﬁ@ts@ﬂmdoﬂﬂl%t&otﬂ%ﬁﬁﬁ knbWvh % WRLAS OvRR a'sﬂﬁh’de&iﬂtﬁé?selnﬁy&fductor base
I's appl over tor) 20 of each netal interconnect,
eq

is bétem@mc lalwer i licleatrisrlays hmealynettanseiliqonalictide, dewever, other

suffplp Bioeiclof o Y AL B on ai oxi de. © BPSG
(bororhesphesi dutfaed & Bt aRfkiricHofer CRRsRA08E dis&etenetal
gl ass), or conbinations thereof. .The resulting

mﬁersmn@qw (eeg.| mylet ccmdvetnr hlagksé Feehnmetsl ifiereennerizeanrhgymade, for

o RGBSy neic. T

méphtefsbnyib@s areﬁlﬁp&ﬂly Qg RpRY defsimg SScontiiudus 18les bf fhd metal
to treat the front surface of the_ insulating |ayer
onghe dislestiic lgues ldg meelgp tengtcheq paghHiejexgess ! 6?m0ved 16 form the

ul
OSHBLARGEL e DR PGS R 5 s 198654, i v
ofapet meal indérchatecibeteieen thei rﬁethhh@rndmdﬁctaandl\ml'dr theassnfabeof the

nat ure of any. subsequent, processin ste whij. ch
diglggtar lavgy bee Wippdrg byer b0y eHB s ERato e iPRpHiceR g?dee

Bltétg @&gﬂ&&ﬁl&gl& ?é@? gP{pthih%sﬁe fa§§ at@l:"%c;nnﬁ'élﬁ%ons thereof.

THe&ﬁsﬂlﬁng)fns;ﬂla’am@laymmﬁanmas tient su:rfﬁce $h.at ir&ig/enoobe ah'gplanar" and/or

sul at i yer should be sufficiently planar such
ufl’% éﬂ’g’tr?fg subsequent -1

Before any additional layers of circuitry can be applied via a photolithography

process, it is desired to treat 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
the 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

insulating layer should be sufficiently planar such that when the subsequent
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WD 2004/ 062853 PCT/ US2003/ 036487 photol i t hogr aphy

process is used to create a new circuit design, the
wonrbiios2ds3 di nensi on  features can be resol ved. PTNAS2003/036487

critical dinension features formthe Circuitry design.

O her layers may al so be planarized in the course of

the wafer fabrication process. |In fact, after each

plmttdithdgnaqﬂiy fdragess isofsed tisarbat b mgwrritceit idedigi, shapidabdimension
ver the netal i nt erconnects, nari.zati on. na e.
S SR el e A e R R
vel | Oth@ldﬂ{y&ﬂs A 136 bd msnaf@é&[n ﬂﬁ@)&om@& bEE wePR At da¥i8n process.
Iayers SucC as Co nee planarlzatlon as

Inwedt) afteAeaqz}eaﬁdﬁtlmlabgaﬁmfen&watmgmtwqj npeppdied ogertthe metal

processe e scene .
infFFos ey e BRI it SEOR o ki BREE fp chefd RGBS Banarized
asSidll. CAIitidAh1gH DivitEdr thay RicludékbetucBi € hiyag, sueRkhl 8tyer, that need

adhesi on/ barfier |ayers are deposited over the entire
plangripatien asTwell. célswa%qe pxample gesush mayocesnisihe metal Paglageene
Iﬂg&%&glun1nltrlde titaniumor titaniumnitride, for

exanple Next, a metal (e.g., copper) is deposited

overlnttheDdinateae piotesspi gattany isxatlediino/dnaxideaticlbayie(&g., silicon
The deposited netal layer is then nodified, refjned or
dipxide)Invar. pyfier einbinengpticnal eseisn/Padickiayars asndeposited over the entire

sugﬂraom léaxb A ua%gs rg%, &g&p fsg'?ﬁﬁél%‘{ A nlltaae tﬁXrﬁ{uﬁl or

e sur ace’o ctric ypi ca
titanimadeidepfoakxasplee iNexe d nsaal (tlagtcopiee) B ueps sﬂeal pm&ettie dlelectrlc

surface of the fer co ri ses, both metal and
angjay adhqsion/baReTaAYers. T RS adeetat laysids tiep Sad %gfr%ffned or
ﬁrﬁ&ﬂefd% Ge f gtﬁ@ 'sr[érﬂ Iﬂh%gﬁ{g (?dﬁ'bﬁﬁfﬁ%d%ﬂ)ﬁk of tRE Adhesion/barrier

correspon he etc tern dielectric
layextfemh the sadjam:(eﬁthe tizldache. rigtpadally, é[ffmeglmmlrﬁc@snetdnsiremoved SO

thh bt BT EYPOSHLS TR BPE B TATSOBRT RS Tl Bl ApdRopeLcE dietect
mﬁ’t@ A %{O_FC\H@‘KI %?H%réx@&eﬁsvwfa a@egwghlfcifr@&e%[‘& pﬁﬁﬁldﬂ@ﬁée with

ues abrasi ve treatnment used to nodif y a waf er
mptabndlnmepbrbiymg ﬂoeh@atnh@tlm’h@npmddhs]sctmu satdyenl adjesing tethe aetal.

si mul t ane usl dif.y the. I ele
Tl @SR drglt eEr BTG CEHES SartBETBr Sirfaggef th wafer
inA&ERYY Rlve dTﬂf&eﬁ@l@@icéﬂechhfa@&h@ﬁ@t s%%ﬁﬁ%’erélﬁﬂiaﬁﬁﬁﬁs values. The
out er exposed surface on a waf er havi ng an exposed

abagsixee tefatraentased toanedifina wrfss pealugedby he LRpngisesnsdupgess must be

BRI SO0 PR B AR L 8 in

th@ swedce lof siflidragRenilt TheatBhdive tYeaB@ Bt dditddG Hanr| @uaak bipbsed
of | oose abrasive particles dlspersed in a I

suriaps e ptariginglagexposed gt indeetplang apSKRPRYS ﬁgeap)i& dielectric
mat%rdalt he wafer surface is then ground or noved agai nst
s pad in order to renove material fromthe 30 wafer

sur f @a€contbatidlalieshodwy naldsRyingaittrefining bepasedburfgensdSstructured
or working liquids that react wth the waf r surface
walgrsresgistaywelgesyréies vaih & vy canainigRUgiscet ipete abrasive particles

d1§)§e9§8§1‘? a'h%luld. Typically this slurry is applied to a polishing pad and the wafer
surface is then ground or moved against the pad in order to remove material from the
wafer surface. The slurry may also contain chemical agents or working liquids that react
with the wafer surface to modify the removal rate. The above described process is

commonly referred to as a chemical-mechanical planarization (CMP) process.

-



10

15

20

25

30

commonly referred to as a chem cal - mechani ca
pl anari zation (CWMP) process. -2 WO 2004/ 062853

WOCH4s2383/ 036487 An alternative to CVP sl ur PET/US2003/036487
nmet hods uses an abrasive article to nodify or refine a
sem conductor surface and thereby elimnate the need
for the foregoing slurries. The abrasive article
genekmbltgmativel to dA4P alusnybmgihedsosesar &]nasimwartiazacrmc@’sfy@tr refine a

seRUBUPaoES s ige gk Hofeoy 51 e 3ghfoy ik okcHsute Yepies he
ab?d%ﬁ/eﬁir@ag gé&?ally-rﬂﬁluabsf BSUbY }I%daero'hbt?&c@loﬁ aEXé*mf)@ébPﬁ&‘ﬁ abrasive
abrasi ve surface i ncl udes abrasive particles

artdélependdonnd & %lSnB@tpnt Numbese 5,96 B4 944, b4,V ; 423178 §.692,950;

anfi YRR adl B SRR 6 R N8 RpicRaploes
abeaRlRetidles dBtided iR a Hidiet. eInl \B¥ he Gbrasié eitich) is @Bnthéred with a
waf er and provide a planar, uniform wafer surface.
semw@ndmtm wgfer fslqnﬁaca, @‘fgenap i Rrgsenge phewetkingliguids witha motion
eg "Eo m‘(}\c}la ?ggn%?é la néft'r Irﬁ'éﬁgr;afrl é?n(ﬂ% \%1%?@1 a@gwd?%'}{]ér{a?tﬁlfmm

wafﬂelf ﬁﬁfac@l Ntk whiken@liduidfs gplitd e thbsagicefaid waleeto chagically
pl.anari zati on process may be achieved in nore than one
m@dl@pm qtherpyise f@@éwte ‘ibﬁé%mowé o Bgriar Bom the srdass @i dheoyater

ally, it has been known to
un\gggtﬁga!?@%(ne%ﬂh%@g%ee%@ﬁ cle with a sub pad in a two
st eflerpoesigati b casﬁnayehé aahicas] mendid t]mmﬂmcstep dt has been
descri bed, for exa in U S Paten

kngwgigo plmatize SHHE? fer s P9 SaP B HR ST B, Hihes Bps known to
usWhtfked agfépw%ﬂ ;l W? fa% Eéc?ﬂlae[ v Pld PRoEAR. K8afa EQed abrasive

Some Undesi r eab ects. For example, sone wafers
product exdescriteds for erauple, nnHH.SkPmsni NobaaSr929950he waf er

or within a die. The present application is directed

to a new nethod of planarizing a wafer using fixed
Susypaiyi ve articles. This new method of using a fixed

abr ) Wlall '

e aer Al Pl RIS i 35 o e btz R O lcad 10

sonreemdedlreahl\telﬁﬁectsn FDseﬂm;ﬂz«:,tseme wafas mympertﬂhcﬂudéxfe;aithiglmess

a wafer surface 25 . .conpri si rovi, a first
acEQsP & Walelet WHa a&dﬁpfg%mﬁ@eng SBHIRENOR Ridoist i herymathod of

plidaX5! %g LPERSHUE %ﬁkﬁd@@am@@g{na& | Tk néwkepaﬂocgsﬂfsﬁ 4 Fxed
coext ensive wt irst fixed abrasive elenen

abesiveatti¢le gesalts inr fedte e for ity atiass thetwafersvhil qmniitznial a desireable
Oﬁléﬁed abrasive element with a wafer surface, and

p atively noving the first abrasive article and the

vaf efye ptBenhBlbathn 1@@%&&&{@% I¥thBA oY hida sy g%\/\hﬁbﬂﬁnﬁce
second abra3|ve article conprising a second three 30

commmngu roerdtingjaxféndt abyasiesi article lcemprising adirst thisewlimersitnghéixed

AbYASIVE 6 emé/nt and th%asshggad generah{/] coextensive with the first fixed abrasive

element, contacting a surface of the first three-dimensional fixed abrasive element with a
wafer surface, and relatively moving the first abrasive article and the wafer. The method
additionally provides providing a second abrasive article comprising a second three-
dimensional fixed abrasive element and a second subpad generally coextensive with the
second fixed abrasive element, contacting a surface of the second three-dimensional fixed

abrasive element with the wafer surface, and relatively moving the second abrasive article
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second fixed abrasive el ement, contacting a surface of
the second three-di nensional fixed abrasive el enent
woizod/oetes3waf er surface, and relatively novi ngPChEISZOO3/036487
second abrasive article -3 WD 20047062853~ — =" ™™ =~
PCT/ US2003/ 036487 and the wafer. Wierein the first
subpad has a deflection |less than the defl ection of
antltilee wafec.oMthesaib fedishmbpakizsurdedledtic lesn ﬂlamthetdaﬁe@t'd]gﬂ)f the

seqong ot it By SR 4 ek B B 0% i having o

COB&H £'8h 5P 9%51 Mibfieps apply: "Surface nodification”
refers to wafer surface treatnent processes, such as

pol i shing and pl anarizing; "Fixed abrasive el enent”
Threfighost this anpliadtiams thedoBowingldefinttioat apdy:subst anti al | y

free, una che Si icle exce t

e gShERs @a&@ﬁm& TR P o CEREO G B RS
pdlifBinpah& Blg&Szike 9. . Planarization). Such a fixed

abrasi ve el enen nay or may not include discrete

abr d$iixed qbaasmecﬁllm@nt“ eifere b0 ali sheagveoartitle, thheis sulsantially free of

w3l SfreBivh e S P 15 rBy B eRher A §otnd DoflifichlidrOr the
suffatd 6ft the wWoAWIiB@ (B lgma@uﬁzmwssm a PRIdldbedsefe Bxh&Rh4Aor may
t hroughout at | east a ort ion of its thickness such
nott frplu eimwtﬁgbrgweparec ;the particles at the surface
duri, ﬂ%fe% (%m%glélé%rl" 9\5"1}@1? )ﬁ?e%stg %e&g%l %‘f&%@'abl%%@% ent refers to a

part performng [Fanar |

fifed®idshe; elerﬂ'eﬁ% tpﬁtﬁﬂﬂaﬂ/}hﬁfixaﬁfﬂﬂasﬁ‘&b edﬁél@ rhd@mgaufnhéfsﬁb abrasive
abrasive elenent refers to a fixed abrasive el enent

papénles exiingling thepupheedt tesptaspardompt nt%ﬂlelﬂlm@uﬁgthﬁhrwmg some
ofﬁ.’ﬁ’er c%rg@l egtntﬁe GFR3 360 gf&héﬂé’aﬂép g}gqse%b‘g c(ﬁ’;‘? 1 ablasave particles

ers ftoo

cab&de e paireting ﬁl@lﬂlmhzatﬁin)fth@m de a textur ed
t hree- di mensi onal abr aS| ve el enent eggrﬂrl si ng. abra a\S}J vg
A

par t 1LeK@Eech 9B Userb 1o, deapebo-iend AEasy esHepRn relsrede o e
ab?%?(%%zérﬁﬁqt pﬁa‘?{lﬁf ﬁl}f Qﬁ? eﬁ?%s@iér ésﬁglc%f fafsell @&tﬂ)ﬂs 4nd recessed

the nold cavit
porfdrsh i s retai ned after t he conposnte 25 has been

d f th | f bl I
b SYARES Y8 SRS, T51ers By i of @ ARt it sETBR PR A M
cohE&‘t%ﬂr Vﬁﬂ&@ld@éH@)?tﬁf&dSMéeaﬁ%nﬁgmtl RBrasReRRnRAE 888D ﬁﬁﬁéabraswe

rasi article has been used as described in
pal%ctlesdlﬁbﬁdeiﬁ@,dgl? (Pieper et al.). Brief Description
of awi, ngs .30 ure 1 is a el ss sect.ional vi ew.

por (LGB shaped SRy SunasTar e 1 QUi compoii haflng

molded shape that is the inverse of the mold cavity which is retained after the composite
has been removed from the mold; preferably, the composite is substantially free of
abrasive particles protruding beyond the exposed surfaces of the shape before the abrasive

article has been used, as described in U.S. Pat. No. 5,152,917 (Pieper et al.).

Brief Description of Drawings

Figure 1 is a cross sectional view of a portion of a fixed abrasive article such as

those used in embodiments of the present invention.

Figure 2 is a contour plot showing values of remaining nitride films thickness on

polished control example.
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t hose used in enbodi mrents of the present invention.
Figure 2 is a contour plot show ng val ues of renaining
wai2owiodzssgi | ns t hi ckness on polished control egamsk®3/036487
-4 WD 2004/ 062853 PCT/ US2003/ 036487 Figure 3 is a
contour plot show ng values of remaining nitride filns
thickness on Wafer 1 after step 2. Figure 4 is a
contKigured ista cohtowr plgt statwieg vabes efiramainig mitridei fdmsfthickmess on
“}g%%ggéss on Wafer 2 after step 2. 5 Figure 5is a
eshL T HFBE- showi ng val ues of remaining nitride filns
t i KP&RS 191 coOAMPloBsiovthd Shlusd Sfterdaini®d Bt Rilms thickness on
Description The present Invention is directed to a
Water Baditen$tepdl i shing a seni conductor wafer 10 using a

two ste rocess. Figure.l is a cross. sect.jo Vi

or e s R Sh s Mo i R SRR b epbicfibkness on
E@iiplebafb: 4geed in the present process, including a

subpad 10 and a fixed abrasive elenent 16. As shown

in the enbodi ment of Figure 1, subpad 10 includes at
Détaidest Deseeiptiomi d el enent 12 and at | east one resilient

elengnt 14, which is .eith r.in contac

wi t h! RS By RS idUSCtS“FeIEﬂ%’??tF p .r(]’%%ﬁ a sqmyjconductor wafer
usfpf d t@é}d}stéﬁ’pl%ﬁ&‘%dﬁ%‘i‘é $is 4 H8sSbRGEh] BRSY OMnYexBmple of one

resilient element 14 or a rigid elenment 12, or any
entlmdiettaf arfixefl abragive artisfe ¢ osdd indlm praset piogess, wichwg assubpad

In th odi. nent s i n, Fi gur 1, the rigid
10l e RS om0 Ao I et o F s fpgpippad 10
indihd&d 14R€orld X84 clealtnes2 ¥Rl flle¥e e hbiliedterhdnt@d, which is either

abrasive elenent 16 has surfaces 17 that contact a

attaohddpirdn epntaeicritlathe dixed abuasie alstusnt I f BpwevRELig certping he

brasive constructions _used in th pr es:
erf ARG B el P 1S £ st oY L R8s 12, o any
coRlBRRIdh oF4ayisfofdediRémlahy right cleeth.NTHOHS eibbdlimeanshown in Figure
paral lel to, the fixed abrasive el enent 16, such that

1, threrigif edameng [L & ireintospased betingen Eierreailien; cleseset bt and the fixed

Al t hough Q L My, EL.gur f
ot G e s B Y S YRR P ani et
wekpRcEROth Bea faticoRicheMaifkat Mhuvydh efe abimkicl donsttuations used in the

and surfaces 17 of the fixed abrasive elenent 16
pressit aeRtiam Eegiitl elsAwnEt oind the regliet clemensoaa epperally co-
. . [ |
c BGHE i o B SO BBk et R01831 M e e
elsherthalesubamsteatly apexdbiisaed. wathooglt hotg;hdv_ﬂ!n imRigote ],rsptfambe@ of the
regiﬁggggéngqe;{t g g ?@&%@@ﬁgéégcﬁlgg ?(%%p a&ln%rfaalrﬁgc%in%ffop sfe?ncllcgne u%tor wafer

modification, and surfaces 17 of the fixed abrasive element 16 contacts the semiconductor

wafer.

As shown in Figure 1, this embodiment of the fixed abrasive element 16 includes a
backing 22 having a surface to which is bonded an abrasive coating 24, which includes a
pre-determined pattern of a plurality of precisely shaped abrasive composites 26
comprising abrasive particles 28 dispersed in a binder 30. However, as stated above, the
fixed abrasive element, and therefore the abrasive layer, may be free of abrasive particles.
In other embodiments, the fixed abrasive element is random, for example in textured fixed

abrasive elements such as those sold under the tradename IC-1000 and IC-1010, (available
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conprising abrasive particles 28 di spersed in a binder

30. However, as stated above, the 30 fixed abrasive
wehemmwarsssand t herefore the abrasive |ayer, nmayCbastewee3c4s7

of abrasive particles. |In other enbodinents, the

fi xed abrasive elenent is random for exanple in

textured fixed abrasive elenents such as those sold
framRedel, e tNadekdiB), agl dhe0cemnididned figed pbresivaclendshs. Abrasive

-5 2004/ 062853 PCT/.US2003/ 036487. from Rodel. |nc.
CORB%V% mapyBe CORYNIOYE AEHISEBHIRe ST Prokiee: rcggﬁlé?eem%"dimems’
ho®c®BE MHeSixAUbARI VRt (10 Bbdsbt 24 uifBY Hagkig@nt i nuous or

di sconti nuous on the backing. 1n certain enbodi nents,

howedéiroughtiagure X elispéeys adextaredy thiestdmgogignaloixadedudsive edement

backi ng. Al t hao Figure 1.displays.a textured
ha iSRRG Ao P Yrtndi P G i B AR OMiias of thg present
inPérioh Sed Yotdarado phdcasiyvehapqRsdsRes. Thitds alihar3éered, three-
conpositions of the present invention are not |limted

dimgnyipnad fixadyabeashsederaanipars ippesible, THgh as dosqdipepsed in U.S. Patent
hree- di nensional, fixed abrasive el enents
N‘é{ﬁ%(;érplgo%s#’%%é, such as those disclosed in U S Patent
NunbEer®mAp e Tidrveding 8/efdf ddBediv @& otedtiaftgcHnadte hrieadd between
adhesi ve or other attachnment neans between 10 the
the ¥ SOBBRPYL AL 1he abraging compbrasiive Ly wsampie: fowovndp the
, . . I . .
erfS R ot a0 P (uiobN g RFRPEL T Rlerbh M Rivtecnife rieid
elerhgitd 2 aal emettickihg 2and thid@xdiaabikasing 2@neaft 16hatougked pressure
ahrasi ve el enment 16, althou a pressure . nsitive
septiigsidhesiva jasier 1S§10ﬁ8%ceﬁ8éaés§§wg At ﬁleﬁmhmf&eagurg Hollirs may also
Fi . g ' .
bk 1 D RN BB 1 i SCHES LRl egiliont lement 14,
andemithe snfacell 8 e redliertsleamat bk t he surface 18 of the
resiljient elepent 14. The method of the present
| v ohfS TBRBP SIS B SSERdnY FRtgn dr o ded i p bt propss. The first
stéfﬁ_ ised a fIREEROASES aficld %ﬁgnrﬁﬁfgaasﬁﬁéﬁs@bﬁd._cfﬁe SRR 48p D5 fixed
irst subpad. The second step uses a fixed abrasive
abaasiviecdrécle oompiising g secomd sophdsubpad. The first subpad
gener.al has fir residient..el epent e.first.
e e SRRD ATy TBEACPITy L  SRgh oT B ohigtifakgement
geﬁ@t%ll?%ﬁss&' KR&keUS hAlendyS [A¢ e 4RN L@fngU@STlﬂtE@Zﬂ of Répreater than

about 60. In other enbodi nents, the Shore ardness
abost G¢ibt Ingtlecatearbotiineants BeuthoBO A Hagdneseisawopgusatenthag ebeuta0, for

exh%%&éog %g%pzrt A Ia%f)}sif %ff Il%gsgﬁql%:e %gﬁ%ﬁg ﬁlae > oorrﬁéﬁlardness of the
firS @ikt dldiaéht 3Rtgrekitbr tiRaMhbobt DB hhaimceboehbRiinsnts! the first
first resilient el enent has a Shore A hardness of not

regjlienitebamant has ablere Adharilpess gheotzseaieniben thowt &, In srane

h N . S .
SRS, b 8 T e o
antliif Sértdie sibbEiftens SEEt beiera cBaMe has h8licta@sisardiiess of greater

thgr{ e?ba(t)tu?rZ.

The entire first subpad has a deflection measurement, which is measured 1.5 cm
from the edge of a 1 kg weight, the weight having a contact area of 1.9 cm diameter. The
lower the deflection, the more flexible the subpad. The first subpad has a deflection of no

greater than 0.08 mm. In certain embodiments, the deflection of the first subpad is no
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than about 2. The entire first subpad has a deflection

measurenent, which is neasured 1.5 cm fromthe edge
woho@/0k2858 wei ght, the wei ght havi ng a cont act par@a2mB/036487

1.9 cmdianmeter. The 30 |lower the deflection, the

nore flexible the subpad. The first subpad has a

defl ection of no greater than 0.08 mm 1In certain
graatdysbim@® 04 sym t Genaelly tetdefactmh dafltlee fiist sitbpsdiFmeatesthaw0.005

- 6. WO 2004/ 06283@a Pca US2003/ 036487 greater than 0.04
MIffoT EXATRRIS B SAIT ARAEP} B on of the first subpad is

gre qth% lseddMansul pg@ Ras ﬁﬁghéﬁeﬂ@&mﬁuegﬂlﬁﬁhg Firdt Qﬁiﬂaa@ @d some

mm The second sub pad has a hi gher defl ection val ue

errthoétmtmﬁe tlie sesondssbpadihasi adeslenion erboghibMitanestthe deflection value
Of?%%%p ¥ad has a deflection value ten (10) tines
e ion value 5 of the first subpad. Resilient

mat GRésﬂieﬁt in@feribl8 €orl Wketif theatlbFRBicUDnOORSbASIEIN RNRICRA g a
selected froma wde varletY of materials. Typically,
1

wide sariey of materialpatwpirally, the a9 mtgﬁﬁﬁréalp%mymamcmlymr which

30RO S S 508, 8 o . e

mdt@insgdrerdl fosad 0 baesiul railientRiagtiakl ase axrgem@ fp@Bimhets that are
pol yners that are 10 foanmed or bl own to produce. porous
fognesher Rlown malfoa%esporm @Eanf girygHes Avhigh ﬁr@f‘%l?l%lkv iefried to as

foérﬁé@ac R rgg}g fzﬁyreg?mﬁ{ RLEG {yhaialz@@& Pbr Gher

synt h Brrot ernopl'astic el astoners
thesmoplasisc plastymksfsucs as }prﬂyq'leﬁmﬁ pslyegialsypoty aesles, polyurethanes and
eof , for exanp

I th d ol th
coRly IS oSG dHer Pk SPRETY RS icar B BlfeR s Fremggarclude, but
arééftf(ﬁ linfitdd 8 Oéhl(l)ﬂog}ehg ty Qrs &H %ut fo%??egﬁ WhlRES butyl rubbers,

ene/propy ne rubbers, bers,

pobdblujddlﬁnasilpet}emprmk )HEDMrmxiBeﬁers I:‘;ﬁl])y\mmdlchlmrdss, polychloroprenes, or
pol yvin chl o | des, hl or opre -

s SERs B et o BT G BT R AR s il fptergh is o

cogolyﬁl%f uf Jl?&h&lbﬁ@énd@ﬁﬁr\)nﬁ}l ab&at@ in BRABIY BBE f%n

ene and ethyl” vinyl acetate in the formof a
f oaResResi nptenals nweadsscabq;oﬁmlyerazlogsm‘;g@om‘ if (chermpropnate mechanical
riate mecha

const ruct | ns |j
prRg oo qoe Moo SR e TR PaRarioRy s araes?
Pollyhr&RARY 1%&?&@3@ed%l@-b§§eﬁ§hﬁ@@als ARhPR laydaisel béhventional polishing
I'mpregnated telt-based materials such as are used in

padocandrtusedbr panihiThg regilens nederiahmaysésg, befagronsseapp pewoven

ﬁb}? %}gf clerI egcgrtnppa p&&&%h& &fyeﬁ el?’ ocg sz)#yaaﬁnqg%}gﬁ gsvtvlglrch ﬂgsvge%n
impRIgYAEl 89 afrbdie (éSg pheEhhhas. "p&eﬂibeli filay Bg BafifE Qﬁ%@. (1.e. staple)

resin (e.g. polyurethane). The fibers may be of finite
or behstanibially C@nthQtl%lb\Itb? fibgrmatubst anti al |y continuous in

the S&)gg? G rest entt Sgar t'hraf afe ﬁ?e?ﬁll 1h31§1=1 IR o%ltstalé&ﬁ% of the

are “asive Constr 'ons’ o
present invention 1nclude, but are not limited to Voltek Volara 2EO and Voltek 12EO

White foam (available from Voltek, a division of Sekisui America Corp., of Lawrence,
MA).

As disclosed above and shown in Figure 1, the fixed abrasive article subpad may
also include a rigid element. Rigid materials for use in the abrasive constructions can be
selected from a wide variety of materials, such as organic polymers, inorganic polymers,

ceramics, metals, composites of organic polymers, and combinations thereof. Suitable

.-
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present invention include, but are not limted to
Vol tek Volara 2EO and Voltek 12EO White foam

wolavaiveztsbe from Vol tek, a division of Sekisui PEANBIS2®E/036487

Corp., of Lawence, M. As disclosed above and shown

in Figure 1, the fixed abrasive article subpad may 30

al sp |ncI ude arigid element. Rigid mterials for use
ofganicrRolypers SNy be E@H@‘PH aticios feermgpeth Suitahde diermaplastisrmaterials
1ﬂMLgfc‘ Mk Eh N lﬂlfutéaatbe(rﬁ&ﬂl)acr ﬁ?c B n@?ar% n| . lgrg§t¥ 8Spoj¥urethanes

I norgani ¢ polymers,’ " cera al's,
polystarenes, polypieins, pcﬂmbrﬂmrbbllaﬁm @nsyvﬁﬂw E:Bl@fldessldhd 88 oBymers

2853 2003/ 36487 organi ¢ polyners
gt SO (Sp SRR TG T e rIa ATt Dutny naiietied o bosic
81 ﬁﬁﬂap 8 e n
p 5} L tp %E@g{sp?li@édp%a%egg ongt ég ngéd 1'81’1 (90:13 Umerg mclude
p@iammc@nmmeg fwo poinpst @ffemsmopmhml(egl lresrpolymers tetrapolymers,
| yper fl uorool efins, polyvinyl chlorides, and
%gpolyners t hereof. Suitable thernDsettlng pol yners

i ncl THEordakic @[ﬁn&@ha‘y'oﬂﬂa%%& Be e@@t‘af‘deﬁsﬁ eBrelr%forcxs ment can be in

pol yi m des, pol'yesters, copo yners thereo
th@ ein pEfilers or p@pgmlymmmaic&uwble rpaﬂelyaie e use A sdimforgment

rent mononer s rrers
inp R iy il e A6 B Bt ol Splsigilicates
sudftas bfﬁcef & 1alckitied basth endi@iald QIch 858 a‘ﬁﬁ@s nngtaltﬂl?tmulates
formof fibers or particul ate materi al

glasss metadlicoxides, a&@caé@umeqarﬁqma@errent 10 i ncl ude but are
t ani ¢ i norgani ¢ f
?2on |e£15{11%)1§e% tSocrahs Sggq eL)SGd §§ 1ih]e 6]§ng em%tcﬁ gl}ﬁ bgcayse metals have

a ted?dtﬁ/elyshlgh Yauhals Mbdﬁlﬁis% balofeated ehhnaboaASAGRAM V&%*Qﬁltnzsheets are
particul ates, glass, netallic oxides,” and

USEQI(TQ’PU?MIY, aAbayw AY74-0. Memm) Sticablesmetats intlude, et ars@dt Bmited to,

t ally, because netals have a
alﬁljﬂrnagﬂ 3%18413%{%[‘ hd-‘J;ég:{}?ﬂs,e?I\/bdul us (e.g., greater than
abo LSpeSﬁicCﬂ?ﬁ):nal‘s( eiay atehisBfu$ ek SbRkRe cdstti®B6hs of the present
about 0.075-0. 25 Sui table netal s

[ .
mV"ﬁ’é‘lolaggc u%eupuh%lé napkmjtedyios éraen&,crylm potyethiens palyietbylene
tel%hﬁtﬁh’atezﬁgdg&%% napecific materials that are useful

brasive constructions of the present
i nveMte methbd of thd eyresonit inedreion @hn h$dmhle§dtybes of machines for

nmet h) acr pol yet hyl ene, pol y(ethyl
I e rmcandyo Bt S aP Disamen a0 st oo wibtoolsking pads

and rl@o%@ Rbrasi¥ §REHAD &I?Qxdﬁgﬂe HP? ¥u1{a%féec%nﬁ£ergﬁﬁp la{)%ﬁag&égﬁlfuhhme is

pl anari zi ng sem condu ers, as ar
sotdhendar theftedenmsee REFhEROONSWEBgpiabla: (frandApslizgéMaterials of Santa

abrasive slurries. An exanple of a suitable
Cl@@nﬁér)ci ally avail able machine is sold under the

}v{a?dlf}?’al By % 'c'_:iﬁr @Qcﬂﬂeyﬁ@hﬂgl 0@ init (AR 0B h§ifer, which may
e
consist of both a 1eta1n1ng rlng and a wafer support pad for holding the semiconductor

wafer. Typically, both the semiconductor wafer and the abrasive construction rotate,
preferably in the same direction. The wafer holder rotates either in a circular fashion,
spiral fashion, elliptical fashion, a nonuniform manner, or a random motion fashion. The
speed at which the wafer holder rotates will depend on the particular apparatus,
planarization conditions, abrasive article, and the desired planarization criteria. In general,

however, the wafer holder rotates at a rate of about 2-1000 revolutions per minute (rpm).
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35

Clara, CA.) 25 Typically, such machines include a head

unit with a wafer holder, which may consist of both a
woeb@ina2asg ri ng and a wafer support pad for hobPdrng2a0be36487

sem conductor wafer. Typically, both the

sem conduct or wafer and the abrasive construction

rotate, preferably in the sane direction. The wafer

hoI dére abodsastearstide biidre preseat invertioharillftgsbalbynhave apiorking area of

abpSoisni il o pisdei v ol oBea e e ErRA bk -

62@9'0919 r Itrrﬁéyafo@ﬁe W4 k11 Q?ﬁ%ﬂgy AN bR MRBHEH 1,860 ) 1pm, preferably at a

appar at us, |'anari zat1 on ‘condi tions, abrasi
ratgrofiabig, 10a}ﬁﬂ)0trpm, ek morechrpfesabdy #lxat 16108 rpre Siefacd modification
er al howev t he wafe 0 de rotates. at a r
AT it TGS P HPIES GHSTRRROh U B e B pieally
inef04HREABEDRBENE2003PA36487 The abrasive article of
the present invention will typically have a working
are @ﬁrﬁbome r@qcsasmﬂizb@p@fﬁzmeé rneﬂ@rpatﬂeyc@ctfwwoﬂﬂng hquld Such

73 r e r.eferabl
PRy My B REGhRaRRe B RH pEHEe of Ags hicte
s&raafé \’Qgﬁllligﬂ{@uld%ra@é eésalibad iatU 8. PAtakiN@hibet lBoLet, 31 -48@PU.S.
pm and nore preferably about 10-100 rpm Sur f ace

Aﬁﬁi@w@m]&‘ﬁblmﬂt@l DrabetUP 280Nl 53t i | i ze the abrasive
t
R e e TR —

the¥eGkERE iMHid arb@ith@itideparifl rom the sgpeed egiriobf thisnanditiof, and it
iquid. Such_ a working liquid may contaln abrasive

[
shpﬂgtheéméer@?oorﬁlgat ileis fpvietiest isamt thandphyrlimidedsto theillugpteve

e described in U S. Patent Nunber
nﬁﬁfghagi%k%%ggﬁmf S. 10 Application Publication
Nunmber US 2002/ 0151253. Vari ous nodifications and

Ex@hipgésat i ons of this invention will becone apparent to
those skilled in the art without departing fromthe

ﬁplrlt of this invention, and it should be

P(ﬁ%gﬂl%st 00 hat this invention is not to be unduly

A R0Orivine dlahﬁ:télh@ 17 i BRAM SVE(HRPrboxedr8nos Asseezp, 260 tBhoverburden)
her ei n. npl es PO|IShIn Proced

walpTYYet R4 lsg@i AR mppess AP Kpstcian 5 ol ﬁerétf%@mél,ledzweﬂal&

Degden) 20 wafer was polished in a two step
Saﬁfaglgfséﬁgn?an osi di an 501 polisher (Applied

Materials, Santa Clara, CA.) Polishing Conditions:
PolishinSt@ditions: 1st Step

Wafer Pressure 2.0 psi (13.8 kPa)

Ring Pressure 2.5psi (17.2 kPa)

Velocity 600 mm/sec

Chemistry DI water adjusted to pH = 11.2 with KOH
Polishing time 90 sec

Web Increment 0.25 in (0.635 cm)

2nd Step
Wafer Pressure 3.0 psi (20.7 kPa)
Ring Pressure 3.0 psi (20.7 kPa)
Velocity 600 mm/sec
Chemistry 2.5% L-Proline solution at a pH of 10.5 with
KOH
Polishing time 90 sec
Web Increment 0.25 in (0.635 cm)
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Wafer Pressure 2.0 psi (13.8 kPa) 25 Ring Pressure
2.5 psi (17.2 kPa) Velocity 600 mmi sec Chem stry DI
woaverezdpusted to pH = 11.2 with KOH Pol i shi RQTUSRM®3/036487
90 sec Wb Increnent 0.25 in (0.635 cm 30 2nd Step
Wafer Pressure 3.0 psi (20.7 kPa) Ring Pressure 3.0
psi (20 7 kPa) Velocity 600 mmisec 35 Chemi stry 2.5%
dgar¢ lne solution at a pH of 10.5 with KOCH

PoI {/\%hmr;%m% g sec \é\gb |n %%58@5%41@%%t6

cefvh! 164 ERNINIRY uViRs a@%ﬁa@lhﬁ@h é{\b&lgcﬁbc?ﬁ/a\ﬁé é?eﬂi?olmv{c Lexan

(ava "abl'e from 3M usi ng
Pelybphonaie sreehirpml G é’pbmmrtleptsaqieIﬁMMVlﬂwﬂ\T Cehaing a thlckness of

OV PR SR hm i RE v DR ETELE AR Bl q pymite. The

sibba® Fvalatachied t@tHeQdin etBE OMBRIidN U0 Foliskidg a8 Mrminated after a
Vol tek 12EO White. The subpad was attached to the

tapgeié ﬂaO‘bAngﬁéom}a@ﬁ rdirishe VB Tempesd fom e wakace of e r\’@cf@dismg the

0f .10 St [ of ni.trid
petishleen SSTEAEN SR 2 00 W TEs BiesPhL pREmE Ritishing time was
19®5dc6RdI Ths HeRshde SbatRe thall adsidlabetidre @QMéQ)VeWhE titkide at the wafer
exception that the polishing time was 150 seconds.

edgte ThslacEveerce oxide on thranateesishown mdeblod- oxi de over
the nitride at the wafer 10 edge The acti ve area
oxi de on l e Ry
Pol i shed | Control Control f‘%ﬂé) &kfﬁle Avejr@%%‘ % 61
115 Rande_16 96 ontrol Control
’ Oxide Oxide
Average 3761 115
Range 16 96
Average Support 3757 88
Range Support 8 56
Average Array 3763 130
Range Array 11 68
Table 1

Wafers 1 and 2 were polished according to Step 1 of the Polishing Procedure using
SWR159-R2 abrasive (available from 3M, St. Paul, MN) attached to a subpad construction
0f 0.007 in (0.18 mm) polycarbonate (§010MC Lexan Polycarbonate sheet from GE
Polymershapes of Huntersville, NC) using 442 DL transfer adhesive also available from
3M of St. Paul, MN. The opposite face of the polycarbonate sheet was laminated, using
the same transfer adhesive, to a 0.125 in (3.175 mm) layer of Voltek Volara 2EO White
foam (Voltek, a division of Sekisui America Corp., of Lawrence, MA) which, in turn, was
attached to the platen of the Obsidian 501. Polishing was terminated after a target of 3400
Angstroms of active oxide removed from the surface of the wafer.

Wafers 1 and 2 were then polished in a second step using an SWR521-125/10
abrasive (available from 3M) using a subpad similar to that used in Step 1 except that the
polycarbonate layer of the subpad was 0.060 in (1.52 mm) thick polycarbonate and the
foam layer was 0.090 in (2.3 mm) Voltek 12EO White. Within Die (WID) measurements

-10-
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Aver age Support 3757 88 Range Support 8 56 Average

Array 3763 130 Range Array 11 68 Table 1 15 Wafers 1
wanaw4de6msse pol i shed according to Step 1 of theCcT/US2003/036487

Pol i shing Procedure using SWR159-R2 abrasive

(avail able from3M St. Paul, M\) attached to a subpad

construction of 0.007 in (0.18 mm pol ycarbonate (801
wWerdoniads trprRaliy atal/ D theawafestadiats. Tveniyckve IBoitioms (S haihe support area

unt er svi 42 DL transfer. aghesive
i LROOS] Rt rehesr AR B e R o T Rt
ifoh@Bn®thetabBvdaby 60D aRahBriGERY tHaGesHFE E‘lﬁflﬁgmzédﬁhﬁgtbles 2 and
20 the sane transfer adhesive, to a 0.125 in (3.1

3 mi¥ithiim Peaferd VY] namniformities 2O nmsu@d af et (ol wnoprtatrea of
%%Lvdfsl@g Qhe%{odlﬁﬁe w%%'er %g? {e&lﬁ%get esFﬂtgd Bf 8?13?]urdﬁbt§ HMQ% igure 2 to 4.

Qosi di an 501. PoI [ Shl ng was term nated after a target
of [ 3400 gstrons ghe,ACt1VE OXI dP Tenbved §f.gm the

sufface off T yier. | WAgRR, b ami 2 epet Mol Sater

192L
P bastve (- Reads STt T oERg N oRdeTNdae] diias] Nigide
tha?\_agga m:f 0987 oycae |t nIg7 ¢ ponrlﬁ%rWonﬂe 1001
| a héliubpé%iz was4® 06010In [ 1.62 [m4t hi clo 46
po )}\(valragonate and the| foamlayer| was Q.090 ijn (2.3
) Suppdrek M2EQ IRt e] W2 hi noD7e| (W D)| rE@sur ement s 1005
- 10 N¥p2004/ 062B53 PCJ7 US2003/ 036@87 vere de 1Tn|one

di esAbpddt b5 Wafier Tagius. Byenty-dive bocatigns (945

in WE gé‘ JpOTt @rea —and 15 acrosp an grray) were

meas re M i n| thij ol The fer char erfi stics,

i ned ig&a *gj\'ﬁz Argsag \.%v a Hqﬁ'f '89% flilm 999
th ‘1‘1’&93 are summarized in Tables 2 and W t hin

vaf eAreyw W 1&bnuni®or i tiles wéPe a{}sured36t inOthe 25
mai n t

oL, SURROL AR esgﬁéﬁzﬁgg‘%i%@%u°?fv%ﬁ@e e Rl
to 4. Step 1 Step 2 Wafer 1 Wafer 2 V\afer 1 V\afer 2
Od-de-Ntride Odde Ntride Oxide Nitride Oxide

Nitride _Average 111 987 39tepdo7 0 988 0 1001  [RéeRy

315 12p Wopolished 0|54 Walssl Aver dafeSuppprt Wifer1021 | 25F afer 2
1017 O] ¥8igalNtOM5 | Remaining Remaining Remaining | Remaining

Nitride Nitride Nitride Nitride
Average 1034 985 989 1000 1038
Range 39 127 161 113 77

Table 3. Remaining Nitride At Wafer Edge (A)

Example 2
Example 1 was repeated except that the 2.5% L-Proline solution adjusted to a pH

of 10.5 with KOH was replaced by deionized water adjusted to a pH of 11.2. L-proline is
believed to enhance the selectivity of removal to provide a rate stop when the nitride is
exposed while enhancing the polishing rate of the oxide. The two step process maintained
acceptable control of within die uniformity (WID) without resorting to selective

chemistry. The within wafer (WIW) nonuniformity is shown in Figure 5.

-11-



Range Support 230 15 402 36 0 35 0 45 Average Array

188 948 358 955 0 983 0 999 Range Array 183 62 171 39
WO 2804/002885 Table 2. Wthin Die (WD) Renai ni ngcﬂmlsmnemsmw
xide and Nitride (A) 10 Step 1 Step*2 = Unpotistied =~ e
Wafer 1 Wafer 2 Wafer 1 Wafer 2 Initial Ntride
Remaining Renmmining Remaining Remaining Nitride

Nitride Nitride Nitride Average 1034E88mpkdd 1000

1038 Range 39 127 161 113 77 Tabl e 3.StBedai ni ng

Nitride At Wafer Edge |(A) Exanpkige?2 15 Exgnple 1 Nyagde

repeate A@f&‘@Ot t hat the 2. 9% LUPI‘ ol ine saruti on 928

adj uste pH—of it

0 W th— KO was— U}.l aced uy
detront-zet—water—adjust ed ©
e

o Af 11 9 ] ny nl n LS
bel i eved t o, enhance tHh el ectivity of renoval to
%M_ég_g@p%ﬁmo@f op_when t he nifride is exposed Wil e

[«8 'JII UI L. L. T LA™
enhanci ng the poli shi ng rate of the oxide., The two
st ep pgrasgesuppwei nt ai ned accept &bl e contrqgl of wit#dn

die uniformty (WD) wthout resorting to|selective
20 cheYvesdgeyArrahhe within wafer QWW nonuni f orm tygiis

shown in Figure 5. -11 WO 20047062853
PCT/ USRQORY RRe¢87 Excmpl e 2 Stgp 2 Oxide [Nitride ¢

090 ¥ Patama. M OA Ao oocnen Qi ~ o fa NN aY =l =y

Average U 92 Range0—94Average—Support—0—955—Range

SuppoTable 44Withie DagE@VID)y Rgmairfiig Active Oxide and Nitride (A)
Without L-Proline

Subpad Deflection under static local load

The test was carried out by placing a 1 kg weight on a contact area of 1.9 cm diameter.

The deflection was measured 1.5 cm from the edge of the weight.
Pad 1 was the subpad used in Step 1 above.,
Pad 2 was the subpad used in Step 2 above.

Pad 3 was the subpad of Step 2, with the exception that the polycarbonate layer was 0.020

inches (.51 mm).

Pad Deflection (mm)
.013
2 13
.085
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Range Array O 60 Table 4. Wthin Die (WD) Remai ni ng
Active Oxide and Nitride (A) Wthout L-Proline 5
weubpad2Bef | ecti on under static |ocal | oad ThePCEAIIS2008936487
carried out by placing a 1 kg weight on a contact area
of 1.9 cmdianeter. The deflection was neasured 1.5
cmfromthe edge of the weight. Pad 1 was the subpad
C sh%g in Step 1 above. Pad 2 was the subpad used in
2 above. 10 Pad 3 was the subpad of Step 2, with
the exception that the polycarbonate | ayer was 0.020
inches (.51 nmm). Pad Deflection (nm) 1 .013 2 .13 3

0851, - 12 G200 4 RRABSR o RGTHSA03 03hA8Tng O @i M5 1.

A method of nodifying a wafer surface conprising
provi di ngpepvidinge fiadh abessive aricld ednaprisimga fisst Hyeadiniansional fixed

thr.ee-di nensional  fixed 5 agbrasive.element and.a .
oY e R P sl SRvEaft RN FRY afed abrasive
elehn¢fd abrasive elenment; contacting a surface of the

first three-dinensional fixed abrasive elenent wth a

waf er sur feidectingal sutfaceepithenbivat tiyee-Himdnsionnl Bkadabirasive element

wﬂﬁtai&%fgrs%?ﬁcé-he waf er; 10 providing a second abrasive
articlre conprising a second three-di nensional fixed

abrasi ve gllgi®RRt mavidg ahsSREOMtasORa6c300 SlvhEr:
coextensive with the second fixed abrasive elenent;. )
cont act i nBroxiding ¢ sreend pbrapine sRickemmisie asaserd thogpadimensional

. . I . ; : _
okt BS01 LS TR Ml LI LG e o v
awadies elembar: ei n the first subpad has a deflection | ess

than the deflection of the second subpad when

measur ed $omacimeRryHRenel theigreond thicerdisgpniiongixediabeasive element
Wit Y ARV B A '

relatively moving the second abrasive article and the wafer;
wherein the first subpad has a deflection less than the deflection of the
second subpad when measured 1.5 cm from the edge of a 1 kg weight, the weight having a

contact area of 1.9 cm diameter.

2. The method of claim 1 wherein the first subpad has a first resilient element,
the first resilient element having a Shore A hardness of less than 60, when tested

according to ASTM-2240.

3. The method of claim 2 wherein the first resilient element has a Shore A

hardness not greater than 30.

4, The method of claim 2 wherein the first resilient element has a Shore A

hardness not greater than 20.

5. The method of claim 2 wherein the first resilient element has a Shore A

hardness not greater than 10.
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contact area of 1.9 cmdianeter. 20 2. The nethod of
claim1l wherein the first subpad has a first resilient

webhemmmarss3 the first resilient el enent havi ng aCBuUS2@®3/036487

har dness of |ess than 60, when tested according to
ASTM 2240. 3. The nmethod of claim2 wherein the first

resilient_elenment has a Shore A 25 hardness not
greafer thammethodsf ciuive 2rhaneid thf finst reisitient altreemihas & iSbore A

fi esilie | enrent has a Shore A hardness not
haéérllé%%gét%ﬁ%%r@%?%o 5. The nmethod of claim2 wherein

the first resilient element has a Shore A hardness

not %r eater than 10. -13 WO 2004/ 062853

PCT/ Us2003heomethed of glaintRevhasein dhp st resiient gdempnshas p Shore A

. [ i4ient elenent has a Shore A hardness
h%@%sggggﬁeégﬁwan 4. 7. The nethod of claim2 wherein

the first resilient element has a Shore A 5 hardness

greaéer than 2. 8. The method of claim2 wherein the
first resths@gthodiof memp 2reerein Speolitst igsiligni leraeng has a Shore A

i RAL fh Y. 10 9. The method of claim1 wherein
t{i1e dg#elagcfﬁlﬁgn of the second subpad is ten tinmes the

deflection if the first subpad. 10. The nethod of

claim?2 erein the first subpad has a first rigid )

el eneént %m@@ﬁdto glayp } aeesgin cgfiehedrife sorand pebpad is ten
tithE&Sink i8Rt ctBherBathrst L . The nethod of claim 10

lmﬁifrhei n tche Ef@stmri gtl)%ﬁel ement has a thickness of

about 0.18 nmm 12. The nethod of claim1l wherein the

seco S ad ha rigid el ement 20 1 The nmetho
of cﬂgi m %@Paiog“]taﬁggr‘@&rq“g&ﬂ firg} %H%E?Ff hasp glﬁgngﬂ e?ement
betRENHe FuLP A asiDaSIcAhM kR RS 1R @BRuk:. 1. 52 nm - 14

11.  The method of claim 10 wherein the first rigid element has a thickness of

about 0.18 mm.
12.  The method of claim 1 wherein the second subpad has a rigid element.

13.  The method of claim 12 wherein the resilient element in the second subpad

has a thickness of about 1.52 mm.
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