WO 2004/ 062849 PCT/ US2003/ 041364 PAD CONSTRUCTI ONS FOR CHEM CAL MECHANI CAL
PLANARI ZATI ON APPLI CATIONS 5 Field The present invention is directed to
abrasi ve avotmhessand net hods of using said articles. 1BcBaskgs/ouse

Sem conduct or wafers have a sem conductor base. The sem conductor base can
be made fromany appropriate material such as single crystal silicon,

gal I ium arsenide, and other sem conductor materials known in the art. Over
a surface of the sem conductor base is a dielectric layer. This dielectric
| ayer typically contains silicon dioxide, however, other 15 suitable
dielectric layers are also contenplated in the art. Over the front surface
of the dielectric lpayp CENSTRUEIIRISS $ORE CHEMIEWI MEOBANIONIECt S (€. g.
het al conduct or bl OCKS). Ea ﬁ rrefal i nt er connect can be nmade, for exanple
from al um num copper, alu AN ARIEATIQN) Ak MgEPe» and the |ike. These
nmetal _i nterconnects are typicall y made by first dep05| ting a continuous

I ayer Sof t he tal 20 on the dielectric layer. The netal is then etched and
t he excess al renoved to formthe desired pattern of netal

i nterconnects. AHL BrE:dSvenfBn i BHCRH G Sbrad¥e brtlcFes 3R bR W LEAP sai@f each
metal interconnect, between the netal interconnects and over the surface of
the diel eeflicles. | ayer. The insulating layer is typically a netal oxide such
as silicon dioxide, BPSG (borophosphosilicate glass), PSG (phosphosilicate
gl ass), or_caonbinations thereof. 25 The resulting insulating |ayer often has
a frdft suBegkesoundat may not be as "planar” and/or "uniforni as desired.
Bef ore any addi f j

phot ol i t hogr aph§&9'{p1:§(})ld£&&%§feg hag%égéﬂr‘lfgéﬂ%%@r%g? aﬂgéeﬁﬂgﬁdﬁgﬁf %Sgeca%P °t he

i hsul ati ngmlaayﬁtmi anyeapprapriateamalesizlrsach axiﬁggleeq@fal Sifilc e yai vy axamiﬂe;rand
“uniformty;" the particular. degree wi]l end on man 30 fact

i ncl udi ng plber seruirandug @I‘Wﬁé‘fr@? Wutlﬁéh%ﬁbl 88?{'(3( Brfarep tmsemlqovg o5 basgnded,
as well a 0 t vvafer
oy be suby O e TR e R Ui P BB S R M G e
t hi s 18ppl | sEtabeditiectsicjsyecens alsnlcbnﬂamlalated n the art.

Over the front surface of the dielectric layer are numerous discrete metal
interconnects (e.g., metal conductor blocks). Each metal interconnect can be made, for
example, from aluminum, copper, aluminum copper alloy, tungsten, and the like. These
metal interconnects are typically made by first depositing a continuous layer of the metal

20 on the dielectric layer. The metal is then etched and the excess metal removed to form the
desired pattern of metal interconnects. Afterwards, an insulating layer is applied over-top
of each metal interconnect, between the metal interconnects and over the surface of the

L dielectric layer. The insulating layer is typically a metal oxide such as silicon dioxide,
BPSG (borophosphosilicate glass), PSG (phosphosilicate glass), or combinations thereof.

25 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 1s desired to t1‘“eat the front surface of the insulating layer to achieve a desired
degree of "planarity” and/or "uniformity;" the particular degree will depend on many

30 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
ithe 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
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referred to as "planarization". As a result of planarization, the front
surface of the -1 WO 2004/ 062849 PCT/ US2003/ 041364 insul ating |ayer should
be suffiwDeedds289anar such that when the subsequent FEFGRIBASGH-HAPhy
process is used to create a new circuit design, the critical dinmension
features can be resolved. These critical dinension features formthe
circuitry design. O her layers nmay al so be planarized in the course of the
vaf er fabpdGald.QR a8 Be sufficlelt) Blhar Abh Bat 936k nRddbtdpeal | ayer of

i nsul ati ng nat &'ival 1's applied over the nmetal interconnects, planarization
may be nebdedithoprphlyipariessigfused teesreateadew cirpt pesgm theraticabdmgaspn

Additionglly, the wafer I ncl.ude .conductive | ayer pper, that
need pl glﬁ%{fx‘?ei éﬁe%%reﬁ‘glvmhesﬁc ﬁga‘j idppgnsgc;?af’%t%esg%/n%ﬁhg hC%éﬁgrryg%gl S is the
net al mmsce'@heﬂﬁ?&@ﬁﬁ?&lsoﬂ&%lﬂi@iﬂ@d in2Bé EQsBHhe ape Thlaicaten process.

Y

simul taneously with any layers being 10 deposited. In the Danascene process,
a pait er Anifsctetfich eathi addisionnl lexsrdd inpulatiag material & applied pysrdbmmed oxi de) | ayer.

Q her suitable dielectric. |layers may jngluyde.l ow di | G..C . K
Cayer s s defregnisty B tbion Y o etosh Ersch o BB b BE L ebsataRRR S )
on di el ecirigs A&H@qxﬁﬂ?}’tﬁ@ﬁﬂa?erfﬂ)i cludd EbrRliubeVe IARérersudh 8s BippenthAangée! ectric
constant generally in the r%gtge 5o0of 1.0to 3.5, for exanple between 1.5

ye

and 3.5. phmaripstignasivell o pp edsaplopt Jueh alpracebels thapetel Dawagnene he
dielectric | Exanmpl. es. of | i de silij. bi de. _and
i1 con rereNe. TpproRu et AR R Rl BRI E8RRe,  he

entige SLﬂ’ei)aﬁ@d_ Typical barrier layers nmay conprise tantalum tantalum
nitride, titaniumor titanium nitride, for exanple. Next, a nmetal (e.g

copper) is deposhaRemascere preeessi epatier isetohad intayn pEidsdhelattan ey fliegn | ayer s.

The deposj.te tal J.ayer. | hen | f] - | |-ni renovi ng
t he depos 1?1836):1&% O S%lf)atbi %ﬁ%ﬁ%@%’( sllglgg u{?ﬁ Heag‘gé@‘%gésqjgﬁ?%gr F ?%)r | ayer
from thegapdf &idfiQs 8drbbi@ostidad@ds! perousToapbdnddped oRitelgtoBsispiaee diskicticsi S
removed so that the outer exposed nodified surface of the wafer conprises

bot h et dind pahapesictiies, apdiniherinestenalybavinga dielgstncgpastant sasradyivy thedregect ri ¢
AP CHER. . | f
cur Phce i Grerldby Bt BASLGEL s a1 5P Al lnind U 43, BRBRECARHE,

et ched palepedifed an dhaldieleeieiclayer "Bk @hplas obchpdarns include biticorcabidedrgd materi al s
| ocated on_the nodified surface of the wafer inherent]ly have different
physi cal stifapadtride.; Qptiengl adpsipndrmier layers are deposited over the entire surface.

Typical barrier layers may comprise tantalum, tantalum nitride, titanium or titanium

nifride, for example. Next, a metal (e.g., copper) is deposited over the dielectric and any

20 adhesion/barrier layers. The deposited metal layer is then modified, refined or finished by
removing the deposited metal and optionally portions of the adhesion/barrier layer from
the surface of the dielectric. Typically, enough surface metal is removed so that the outer fo)
exposed modified surface of the wafer comprises both metal, and either a barrier layer, a
cap layer or an oxide dielectric matenial or a combination thereof. A top view of the

25 exposed wafer surface would reveal a planar surface with metal corresponding to the
etched pattern and dielectric material adjacent to the metal. The materials located on the
modified surface of the wafer inherently have different physical characteristics, such as
different hardness values. The abrasive treatment used to modify a wafer produced by the
Damascene process is generally designed to simunltaneously modify the metal and/or

30 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 shury containing a plurality of loose abrasive particles
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di fferent hardness val ues. The abrasive treatnent used to nodify a wafer
produced by the Danascene process is generally designed to sinmultaneously

modi fy thewetalossas or 30 adhesion/barrier |ayers and/ orp&ppsidyeliz@nd/ or
dielectric materials. One conventional nethod of nodifying or refining

exposed surfaces of structured wafers treats a wafer surface with a slurry
containing a plurality of |oose abrasive particles -2 WD 2004/062849

e by ol A8 ot e

the pad in grHer idifled BRANE o RbEEd Aairlst MOl oMRE R redidbE Afferial RBSIEr 1y May
al so contain chem cal "agents or working I'i quids that react wth the wafer

surface to waft yfache The sowaimayadlen cofiten aboviealdgsnts iobs@riing diguits that Beact
commonly referred to as.a chem.cal,- mechani cal -pl apari zat i.on (CVP). process.
An al t er nat Wﬁé ﬂi‘eow%%ﬁ‘mﬁf’ ?%/mﬂg h’&sre’ﬁ’%gr {fi ;ﬁF gg?vefeﬁ?rft?eglp 0?852 Kodify or
refinesa sgimeRduetatd 4 AGRAML ARBEEDM pPldaAbRRHYCMIB) pi6esksf or the

foregoing slurrieS. The abrasive article génerally includes a subpad
construction. ExAnpltematfe to(dVP sbirpsingtodsmses ah aelrasise atiisle tounedifinorueSne a
Pat ent Nos. 5,.958, 794; 194,317; 6,234, 875; 5 692, 950; and .10.6, 007, 407,
which are i%ﬁ%&@éﬁm %feraﬁ?ﬁ?ﬁé??é’eemﬂllﬁ%te l?rlﬁ?gﬁg%r%g? ?qrégo&n%al}}g?eé” ®has a
textured abgggiiveasiblef RfGailhidehdedtkitiag coRiRsive Paidpled 8ssudhapaksed in a
binder. In use, the abrasive article is contacted with a sem conduct or

waf er sur f azéicleptarehe found U Estentos. §1958, %061 &l B3 1 T, ud 34, 818; 61693, %501 ansin

d i f ingle | i al h f d id
o ahard uni PP EiuRed e cediorind bycRkihed| TR AT AiyRsROruPbRtA 35 °
sufface of {heudbitRisivOneResvirhliNciiRdi biasie paith@ls\disperseash h bl fNfe,

renoval of a material fromthe surface of the wafer under the action of the
abr asi ve ar theebmsiveartialg i conjseted vith & Jexepndbetas watsr sauface] efter inHhepreatnsad i n

waf er planarjzati,o an,lead to,. 20.s undesi rabl.e.effeets, For exanple,
sore. wat or <oy o5l oB8a MbioR 2o RORF QIR APk BL SE Bl on S o
appl i cat i onwafer ghd SR alpdarir,N@NfosH MWadel saffdced TIRIAGHnGf 1iquid isngpHedtdrhpad.
This new pad and the nethod of using a subpad result in better

pl anai? zat i Bufage phibgtvaterdo shesishiamiodify pr ederwimhiaciitas detremevelnfiagnategal
directed tosgn RPLAMCY Br oW Arde e St Ant LsgdvaRkAR Ve

Summary
Use of a fixed abrasive article with a subpad in wafer planarization can lead to
20 some undesirable effects. For example, some wafers may experience delamination at
layer interfaces. The present application is directed to a new subpad and a method of
{ using a sub pad. This new pad and the method of using a subpad result in better
planarization without the undesirable effect.
The present invention is directed to an abrasive article comprising a fixed abrasive
25 layer and a subpad. The fixed abrasive element 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.



25 |l ayer and a subpad. The fixed abrasive elenent is co-extensive with the
subpad. The subp ad conprises a resilient elenent. The resilient el enent
has a Sho® 20428itess of no greater than 60 as neasur e¢TuR20E/ASEM 2240.
-3 WD 2004/ 062849 PCT/ US2003/ 041364 Throughout this application, the
followi ng definitions apply: "Surface nodification" refers to wafer surface
treatnent processes, such as polishing and planarizing; "Fixed abrasive

el emrent” fe S . ' Lo Senh iR | ubstantially free of 5
unattaché@ﬂégéggé@%gg%gﬁggﬁgéﬁgggégﬁgg% may %gﬁgzherated during nodification
of the surfacsuefact hedifionki"acters(te wafer pirfanatreataichoprpcesSeschuch aki xed
abrasive el enent may or. .may not include discrete abrasive particles;

"Thr ee- di BfeisBwe 8 PIaRAEATGsed to describe a fixed abrasive el enent refers to

a fixed abrasipe £ ?malelfz@det }e?éfg?JMa@aﬁbéﬁqﬁg&?ﬁﬁﬂs&ﬁbﬁﬁthﬁweefa);@vi ng
p oug

muner ous abrasive 10 particles extending thr out at least a portion of
i ts §hi ckaggsctedebrdshatpartizies\eikogpt soney befgendratef dntihg nedifmntiomef tar f ace
during planarization exposes a ditionag brasi.ve, particles capable of .
per f or m nErRAzobihs wprkpigss (68 Fatpn)- Yy 1%@'*%1’?&? YR RRILER be a

fixed abr&st!iﬁ’c?ulﬂcﬁg@% a&ﬁgfvéﬁaﬁigleg fixed abrasive elenent, particularly a

fixed abrasive artic avi rai'sed portions and recessed 15 portions;
" Abr asi ve conpti@ir¢edimeationa” whemnseddd dasqpiba adlsdet \abrasivs legpeuit badelis és awhi ch

collectively provide a textured, tpree-dinensi,onal abrasive el enent

conpri si né" BT\ Pef CIB%{FiRaEq’%’_iﬂﬂé’r?d‘b%‘?dﬁ@é?ﬁwea?{H@e&‘aé’&‘i‘gs’%}n}elg‘i"ﬁa‘t?éﬁ?“é%r asive
conmpgsi t eﬁarﬁcﬁ%@&ﬁe&&ﬁl la¥ fe REbA 6f idMidkGed sudPiAPlARAIS @R that is
the I nverse of the no cavity which 1s retained after the conposite has
been r enoofebie partintet hethawirfhce gndhgphbhyzativh expasep additienal sbrasibs pamitical |y free

bef or o ¢ HEPRF ALPYEPIRPE PR REETSBaIIEBY, ac deseribed |n U S, Patent No.
5,152, 917 ( Pi eRRknfbd"Bbhoh-usdPtoRlob@lhelBRdd Mrkspe AEmENaVEATS JFugire 1 i s a
cross-sectional view of a portion of an enbodi nent of a subpad of the
abrasive element, particnlarly a fixed abrasive article, having raised portions and recessed
15 portions;
| "Abrasive composite” refers to one of a plurality of shaped bodies which
collectively provide a textured, three-dimensional abrasive element comprising abrasive
particles and binder; and
"Precisely shaped abrasive composite” refers to an abrasive composite having a
20 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. Patent No. 5,152,917 (Pieper et al.).

25 Bref Description of Drawinges

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.
30 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.

4



present invention attached to a three-di nensional, textured, fixed abrasive
element. Figure 2 is a cross-sectional view of a portion of a second

" enbodi mentwofewmesapad of the present invention attache®crawsaons/n41364

t hree-di nensional, textured, fixed abrasive element. 30 Figure 3 is a
cross-sectional view of a portion of a third enbodi nent of a subpad of the
present invention attached to a three-dinensional, textured, fixed abrasive

el ement. -4 WD 2004/ 9P 2003/ 3 i gur -
sectional views Wﬁsu‘?fg%%ﬁage 8%%%%@% svg) ef)&?s c{qﬁlgng#%%ee%?boﬂdﬁﬁég%?f @ﬁ%%g]?tai | ed
Descri pti onn®&en#ibe. present invention provides an abrasive article for

nodi fyi ng an exposed surface of a-workpiece such as a sem conduct or wafer.
The abrasive article includes a textured, fixed abrasive elenent and a

subpad conétaiiaddescrpiin | ent el ement. These elenments are substantially

coextensive wth,each other.. The f.ixed rasi ve .el.ement. .. referably a

f'i xed “abrasi ve a oipEgegnt %ﬁ?q%!pémpﬂ?seag_a%?%vr%qrﬁﬂg!f?r ?gé&ﬁﬂ?%éﬁ)eﬁo%ee% abr asi ve
10 arti cl esyrhyddGakdrkpledRidhsds AGeRidaakitodw afer WiTh & ibrbsivélirtipRrSadudd abr asi ve
| ayer that includes a plurality of abrasive particles and a binder in the

form of a pexiured: Bxediabeasivepdementnnd asubprdchowsisingra rgsiliegg claeqnt Rhese

sem conduct or fer processin re. discl osed.n . -such ‘those disclosed in
0°S, *pat eneripsit it sl SERaR AR AL PR B P d R B M e T s
The abr asi fefdfablycd ffeddbridiee Ati€le e ShithHY diéd-gitndniiohbid Gexbired, FR@H abfidive
resilient element in the subpad. For the purpose of the present invention,

t he r¥si| i emticled, bpegallysampasissarbacking ion vdvidsis dispesadeasaprastvaldyaghahSTM D2240)
of not greater . tha ute. 60. .1 n her odi_nepnt { 0 .hardness is
nat "gr eat ernhats A8 SpisiedeflcanddPU R AT B o B BRRIFARA " one

enmbodi ment attkinearsdi@eBods o LENE Sigendin defBcdr@atior @afer PraeBMiz 18 divelosedirgr eat er
than about 10, and in certain enbodi nents, the resilient el enment has a Shore

A har dnes $uelt angipseghisciossd m hh PatrstiNo43,95% 784 mehielhisdaseraoreted hermn Brior e A

har dness ofrefeP resilient element is greater than about 1, and in certain

enbodi nent s, &resilient el ement has a Shore A hardness of greater than

about1. Fi gur e Thelsbradiveradcesefthe presdnt iventiof inghidesalsabtonefresiivt elchest ment
of a fixed in the subpad. For the purpose of the present invention, the resilient element has a Shore
A hardness {as measured using ASTM-D2240) of not greater than about 60. In other
embodiments, the Shore A hardness is not greater than about 30, for example not greater
than about 20. In some embodiments, the Shore A hardness of the resilient element is not
20 gref;ér than about 10, and in certain embodiments, the resilient element has a Shore A
hardness of not greater than about 4. In some embodiments, the Shore A hardness of the
( resilient element is greater than about 1, and in certain embodiments, the resilient element
| has a Shore A hardness of greater than about 2.
Figure 1 is a cross sectional view of an example of one embodiment of 2 fixed
25 abrasive article 6 used in the present process, including a subpad 10 and a fixed abrasive
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 cerfain embodiments, the subpad has only a resilient
element 14. Additionally, in certain embodiments, the subpad has more than one resilient
30 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



25 abrasive article 6 used in the present process, including a subpad 10 and
a fixed abrasive elenment 16. As shown in the enbodi nent of Figure 1, subpad
10 i ncl ushas 2@tt/0bmast one rigid el ement 12 and at | east PGHESHEEM13ENt

el ement 14, which is attached to the fixed abrasive elenment 16. However, in
certain enbodi nents, the subpad has only a resilient elenent 14.
Additionally, in certain enbodinents, the subpad has nore than one resilient

30 el enen Sl ts Io kivetihanised if@ei | i ent and
rigid el e%%rr{%gs%?%}tﬂr;l@?ﬂg%rﬁb% I eﬁét: S ovﬁt?%a%igégiﬁrgaﬁi t he risgi d el enent 12

i s i nter ppsaentiavaeien, thbegid denentdAtand termesificit4lement titars psmllyoasi ve

el ement 16. The fi xed abr asj | e t . 16. has -5 20 2849
PCT/ US200$PBEFSES W1 u?%é@é@iextef” Bre AR e e}wl\@ Sélc?g%gfﬁ%e_s‘,ﬁﬁen the
abrasi ve %&?lfén&s%& k@REnHSIBFcdRtdnBRve. R‘lﬁéfgﬁndt@ﬂ&ﬁﬁ PPigutd B sulfeéet ebeent 12

and the resilient elenment "14 are generally co- continuous with, and parallel,
to, the f iresiiendbleasint/bt sitgneaily stcheiiot platen of hmachine éor semicamdueionwarer

substantial | y.coextensive. ALthau ot shown in Fiqure 1. surf.ace 18 of the
5 resili eﬁ‘ﬂo‘%é(ﬁ Ry ang fuftaces,| iog%qg&%t”ﬁ’%ﬁ’&?l%méIQI%B{‘%WS(SJ?& %F%%rﬁ%uﬁg’rf or
sem condug}.gL Wwaf er  nodification, and surfaces 17 of the fixed abrasive

el ement 16 contacts the sem conductor wafer. As shown in Figure 1, this
enmbodi ment of tAssshbivrau Figoreab,ithns esibedemnt o6the dixkd derasiaye clsmesai hg iz2udeavwi ng a

f t i ch,is .bond f i . ive. | 24, whi.gh_ingl. 10
orc- dot or FRHOBE PALSURRA BYIE 5P HESHh i JoBea R TR el EHaae abRe Y ies
conp@si t e$rLAeteRMRAEd pdtRReh &4 FistaliRy Qgﬁrbbi(:?él? ShapBd dbBieE $6hpbsited 281 nder 30.

However, as stated above, the fixed abrasive elenment, and therefore the
abr asi ve lcayprisingabrasee pasigles 28 dispersed i abinderi e Hoever.cisstated shoye.Hbe

enbodi nment the fixed abrasjve el t i.s rando f e le 1,n_ .textured
Flxed apr aegabrishSfmeRC bRt mekerie e Mratife HRREPT s e RITMHE: 1a5b80 and
| C 15 101Qart{chéaish atikeerhbciimbBgehe fikBEabradipd\@bientPErandefd fort dxampteadi t i oned
fixed abrasive elenents. Abrasive |ayer 24 may be continuous or

di scont i nérréwed fixpd atyazikg elgmenty suddr asdhese seldbudentntadepranelled 00 ard ¥G-xed
D38 ve bR S N L SRRy e
exanmpl e | eRgndnBambibsiNlayerdadniyibé edrtnesusoraligebeindue 98 théBakaioUh c3hailyPa. 20
Al t hough Figure 1 displays a textured, three-dinensional, fixed abrasive
el ement embodiments, however, the fixed abrasive article does not require a backing. In some
embodiments, the fixed abrasive layer has a Young’s modulus of less than about 300 MPa,
for example less than 75 MPa, and in further examples less than about 35 MPa.
20 Although Figure 1 displays a textured, three-dimensional, fixed abrasive element
having precisely shaped abrasive composites, the abrasive compositions of the present
invention are not hmited to precisely shaped composites. That is, other textured, three- )
dimensional, fixed abrasive elements are possible, such as those disclosed in U.S. Patent
No. 5,958,794, and in U.S. Application Publication No. US 2002/0151253, which are
25 mcorporated herein by reference.
There may be intervening layers of adhesive or other attachment means between
the various components of the abrasive construction. 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,
30 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.



havi ng precisely shaped abrasive conposites, the abrasive conpositions of
the present invention are not limted to precisely shaped conposites. That
is, other tweanouumdsshree- dinensional, fixed abrasive elg 003 ,
possi bl e, such as those disclosed in U S. Patent No. 5,953?@%2}'@%Hﬁf u. S.
Application Publication No. US 2002/0151253, which are 25 incorporated
herein by reference. There nmay be intervening |ayers of adhesive or other

attachnent neans_between. the vario onent f LV -
construction. ForUE&sH &e S‘érga%ﬁgtvﬂy ﬁlﬁc@%g aﬂ%ﬁ%’% | %%%1? @8@9%3313}@0%131%%,
adhesi ve | ayer, 2Qniksndudio? WRGSER Heliie®s sidiger dfgheweligiaeato dchievantsurfiee

backing 22 of the fixed abrasive el enent 16. Although not shown in Figure 1,
30 there nelatds swroplansr aadies siopeunifyray andfprdessaaesh har e iRRri9dPd el enent

o emont  14.7ER0p I06AFUE bR R B AES R et Beflenk PR
of thesfixefovleasi Madvd dobbeuctin ekl balsstantialy vonfsahe kethe glopal topography of

sem conductor wafer, to nodify the surface of the workpiece to_ achjeve a
surface t Hhe sirdacawi deprakniecalsas- dhe aprall swilaesrahassmiendrdesWrsGHIEH Rt t he

surface prig ). AT | ' | f | Qi d
resilient eﬁ“éﬁé@%aé&o&fﬁ%%&%ﬁ@#ﬁg‘?%‘{# %@g An a d;lljgatgl&: \E/}gth%%irt S%:ét ‘%Io% t:tﬂﬁat
subst ant i al dpycif@BEEIERE aljacddh feaghredal the epdgreafayseniicondbeoswafea)odurnlg sibface
wor kpi ece (eéx% the overall surface of a sem conductor wafer) while not

subst ant i almgdifiestias: Msaresdt.ithialirasya congtsegionsfhopressns nvepiiep wilbmodify

wor kpi gce ( | e ' -eat c g, of a
semi cgﬁducttg?g%cér th(fﬁ‘?l n ﬁg%l?‘f%@%%%oag%‘?ﬂf@gﬁe%ﬁ@ 1%2&??%2%{{'[?: &?Egelﬁ-g fasive
cohstruct i amdek rbl@mpsse Shptpaitivviantiegree vl plandrivg) dnyfobfity hemdsurnbugbeess dashed

wor kpi ece in_order to_achieve the desired |level of planarity, unifornty,
and/ or r ougheesy dansadisgippe g}edﬁdlﬂ@é‘%‘@ﬂg%' any] g’ﬁ&PPlﬂ‘iﬁtmﬁ 2‘?ff"!5]1‘y1ﬁ]i1 ftys micndledy
roughness ' | V, ' e D Qyd d the
appl i cat | one St fhitne ety RARERED BrodBhyl b (O NHATME el Ll 1
subsequent gabjeerdsi ng steps to which the wafer nmay be subjected. 15 Figure

2 shows anot her enbodj nt of an abrasive artjcle 206.0 h resent
i nventfon. A fi xé&ur&t?r%g?‘@én%tp@ Odﬂ%‘lté’ﬁanét”faé’é’ﬂmé‘%‘?;%t%ﬁ?g?reﬁm are

j oined by qg}fagn%ﬁis ge Y SEIRAS VBRI O35 Y b Slienf 8Rmekt SN fe FoisliPyp 2 aNOL her

enbodi ment
pressure sensitive adhesive layer 220. Figure 3 shows another embodiment of a fixed

abrasive article 306 the present invention, wherein a fixed abrasive layer 324 is directly in
contact with a resilient element 314.

20 Figures 4A through 4F show examples of specific embodiments of the abrasive
article of the present invention. Figure 4(a) includes a fixed abrasive 401, a backing 402, a
first pressure sensitive adhesive layer 403, a nigid element 404, a second pressure sensitive
adhesive layer 405, a resilient element 406 and a third pressure sensitive adhesive layer
407. Figure 4B includes a fixed abrasive 408, a backing 409, a first pressure sensifive

25 adhesive layer 410, a resilient element 411 and a second pressure sensitive adhesive layer
412). Figure 4C includes a fixed abrasive layer 413, a backing 414, a first pressure
sensitive adhesive layer 415, a resilient element 416, a second pressure sensitive adhesive
layer 417, a rigid element 418 and a third pressure sensitive adhesive layer 419. Figure
4D includes a fixed abrasive layer 420, a resilient element 421 and a first pressure

30 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
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abrasive article 306 the present invention, wherein a fixed abrasive |ayer
324 is directly in contact with a resilient elenent 314. 20 Figures 4A

t hrough 20 gleees28xBnpl es of specific enbodi nents of thepabvsmovestd@rticl e of
the present invention. Figure 4(a) includes a fixed abrasive 401, a backing
402, a first pressure sensitive adhesive layer 403, a rigid elenent 404, a
second pressure sensitive adhesive |layer 405, a resilient elenent 406 and a
third pre hhd i j ihgklsdest af i xed
abr asi ve 85%21&%%%%?%’\5%%%%%%?“% aedslégi}g 1@3%2?%&%2% adhesi ve3 l'ayer
410, a ressdcbrdpreshieanensitivt hdbesivedage ddhch edissinlemerdSpt 4 hardguerssiove | ayer
412). Figure .4C includes i xed rasive | 413 backing 414, a first
pressure SSQEHEY ?‘#l?f’éwﬁ ?‘P@&%éﬂ q%?ﬁ%‘}aé)ﬁ%gf egaepgéﬁ ?Iéd;? foél?nélrpé?lstsurf%gx? Si¥S econd
pressure spR§vt layer gesive layer 417, a rigid element 418 and a third
pressure sensitive adhesive |ayer 419. Figure 4D includes a fixed abrasive
| ayef 420, a réBhoughrthe ebrasime conspuctzong of the presenpmysriinnearg parsiewsily i ve

adhesive | ayer 422. Figure 4E includes a fixed abrasive |ayer. 423 a

esi 11 ont STEPERR 20 e rL AP D R W RSP ORTEY 455, o
rigid el egpits With cROHrd thet 860 BELRAIES SHonBatin& %hféﬁ%ﬁﬁéﬁ%ﬂnv& Usay Qiithd 27.
Figure 4F includes a fixed abrasive layer -7 WO 2004/062849

PCT/ US200®irdectssd orb2gik (a.gbadiconywaRs, asavell. Thus, theabsasiee eraigiatiops obihisesi ve

| ayer 430, a first.rigid element 431 a second .pressure sensitive adhesive
| ayer 432?”%134 B’é’ﬂlti‘%%ugiee‘ﬁﬁﬂfo pplish of, plaparize %?egggﬁgctoggﬁgeﬁi ve adhesive
layqp 434, a speDibidd ofiatehiA8edttth@siliendlemémuillvapy @petidifg 6RMAs ti ve
adhesi ve layer 436. 5 Although the abrasive constructions of the present

i nvent i oncamposisigns pE thearerypicersurfise and Bred ahsasiye ¢lepemciis shapesadileibabuct or
wafers (i g8, terned. 1.6on or er 1, ¢ I G t n, or
bl anket ( | ﬁ%ﬂﬁggfg}eﬁg%ﬁﬁgf%g%% e’?‘#‘% ggﬁgﬁémﬁ%%\ﬁg%%?ﬁfnoglﬁg‘%%&esse&gor bl ank

(e. 9., sildgPunaniafr@ithe anfie), the prisitres ub&l inlhesiodHicatns prodeds] @BsThE t he

present invention can be used to polish or planarize a sem conductor wafer.
10 The chdirestvegfonaigacionfshe presanhmvertion qaahe vspdfos arwide VarigfaeY dependi ng on
t he yzconpQosi:f i i .face and fi xed abrasive el enent, the
shaég and&%éénﬁgﬁop%aa%ﬁé%@ﬁ%jﬁoﬁ%ﬁp]%?{z%' ece surface, the type of apparatus

used for nodi fPhengatehialssuititde for ub€inghe sybpad 25h bé tigaridi@ized ukiagejandidde

pressures used in the npdification process, etc. The . . .
test methods proposed by ASTM, for example. Any given material will have inherent

properties, for example density, tensile strength, Shore hardness and elastic modulus.
Static tension testing of rigid materials can be used to measure the Young's Modulus

20 (often referred to as the elastic modulus) in the plane of the matenial. For measuring the
Young's Modulus of a metal, ASTM E345-93 (Standard Test Methods of Tension Testing
of Metallic Foil) can be used. For measuring the Young's Modulus of an organic polymer ' W
(e.g., plastics or reinforced plastics), ASTM D638-84 (Standard Test Methods for Tensile
Properties of Plastics) and ASTM D882-88 (Standard Tensile Properties of Thin Plastic

25 Sheet) can be used. For laminated elements that include multiple layers of materials, the
Young's Modulus of the overall element (i.¢., the laminate modulus) can be measured
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

30 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 resihient element is one layer or a laminated element that
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abrasive construction of the present invention can be used for a w de
variety of 15 sem conductor wafer nodification applications. The nmaterials
‘sui tabl e fwo 206go62849t he subpad can be characterized usi ngpcatesrdare13diest

nmet hods proposed by ASTM for exanple. Any given material wll have inherent
properties, for exanple density, tensile strength, Shore hardness and
elastic nodulus. Static tension testing of rigid materials can be used to

nmeasure the Young's,. ul us of te e red..t . ' dulus) in
the plane &f° ?%8%3{%%1@{6?5 ‘Hg‘gat%r%%%‘u%e%egrhfelﬁér%s 813%“3‘%*8}‘%%&‘5‘1 tﬁé Bg%ago net al |,
ASTM E345- 9ckilichl: aneantiitded haldkd Nodsg'©MoleRs ivalie bE$dsh g abbutMBOM PR Cfof-0i | )
can be used. For neasuring the Young's Mdulus of an organic_polyner (e.g.,

pl astics orxmeplefiowdben Hroas MPa, Heommy the Yougg's Mnduusafdherestioptipment i or
T i P o | 3 - '
proper ti es ] bgrasROT g B BRIMGEecih OB REAA A e dee ¢

that iqcl udgad oul i plith 4 py¥lRas 004 .6%Peri al s, the Young's Mdul us of the
overall elenment (i.e., the |am npate npdul us) can be_ neasured usinpg the test

for the highest Svwigblegesihent aratarials Epekieite cbgssrosadditonally eyayatee hesi | i ent
materi al s {. ' | . § to as
The' st or agatis 1EjaEfdh. StedRpRkod SEyalBuney S Ahite ioniBlid IRl Eh R

mat eri al . ki @dformdéddtate ediileitenforemdretie sl ieed&@y bR &fonGiimndaneasiesdt.

Met hods for_ Measuring the Dynam c Mechani_cal Propertiﬁ ?f Pl.astjcs in

Conpr essi oryitablgyerilicns gte Rifie avselitesilient simaR preferal s resHia o lepgrabgpt o

| anmi ngt ed & |

mal 1 1) o1 3008 G Eadpril ol haspbpl RO 5 PR PO afte A0 s
overal | r &&id iseeferred enksrtin inskiding thavlains, ¥othedrandibihiglstrssst ahdi és ddterhéseal t han

about 100 WMPa, for exanple |less than abqut 50 MPa. Herein, the_ Young's
NodUl US of DYHESHOEITSME AtaEtRl of materglddess FHV-ByIRSTK BEDTAC O i n the

t hi ckness di r@lﬁ}q/ 3 L6t d t with a
prel oad of (%5'4. 5 %{Elb‘ﬂésﬁl?t? g%‘lr%brgfeg ?§%%#§?§§ﬁ£c%§0%#geﬁ5%ac osen by
addi ti onal (9029 deget i(hgartdheeasurisg thessmaiaingetiessoafier Stmmewesr el axation i s

eval uat ed by deformng a m lal .and holding it in the defor state
whi | ef% he force %ﬁsm@?@%&%?%’ﬂset’% %%Wweﬁ%aﬁlwlﬁﬁf ?‘Hﬁ’q ?I Bé.
Sui tabl e 1&gkt L&ty BRI RIS TyPicall)anoYRliRhl mhRfihl s8R lorSh& FlimeR WaEQL abl y

retain at |east about
can be thermoplastic or thermoset and may or may not be inherently elastomeric. The

materials generally found to be useful resilient materials are organic polymers that are
foamed or blown to produce porous organic structures, which are typically referred to as

20 foams. Such foams may be prepared from natural or synthetic rubber or other
thermoplastic elastomers such as polyolefins, polyesters, polyamides, polyurethanes, and
copolymers thereof, for example. Suitable synthetic thermoplastic elastomers inclhude, but
are not limited to, chloroprene rubbers, ethylene/propylene rubbers, butyl rubbers,
polybutadienes, polyisoprenes, EPDM polymers, polyvinyl chlorides, polychloroprenes, or

25 styrene/butadiene copolymers. A particular example of a useful resilient material is a
copolymer of polyethylene and ethylene vinyl acetate in the form of a foam.

Resilient materials may also be of other constructions if the appropriate mechanical
properties (e.g., Young's Modulus and remaining stress in compression) are attained.
Polyurethane impregnated felt-based materials such as are used in conventional polishing

30 pads can be used, for example. The resilient material may also be 2 nonwoven or woven

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



10 60% (nore preferably at |east about 70% of the initially applied stress
after 120 seconds. This is referred to herein, including the clainms, as the
"remai ni WP B04068%9 and i s determned by first conpresshGURISHRDIE of
material no less than 0.5 nun thick at a rate of 25.4 nmmnute until an
initial stress of 83 kPa is achieved at roomtenperature (20-25 degree O,
and neasuring the remaining stress after 2 mnutes. 15 Resilient materials
for use IifphlifaRBLRS AnROBSIAIYERIRRY. TBE fB6:sSk:PEd SfiioRnAn (. de:ptgri oty
of material's.” TypicCally, the resilient material is an organic polynmer, which
can be t hersnopimstly comnuohe imibsdibenmadt. nay or nmay not be inherently

el astoneric. The . terial s qgenerall faund .f o ,he .us resili t materials
are organic po#_k‘?ﬁ'ﬁrlgrestlﬁ%{ﬁ_néartgﬂaq? gﬁ*’r@%“ %&P&éﬁatf%s%? g%é(k:rémtg%nrséjggh%organi C

struct ur gseseplineBntAnEnéae, Gat bt doefighte@th hescsld dhdd drBadebigbs VORTEC™RY be
prepared from natural or synthetic rubber or other thernoplastic elastoners

suchSas péOy.8iRes typs EQelogaskeedlfoamp soyansireialdy aysolahlerfean dedisk, adidisiovgdol yner s
t her eof , %gr e?‘?ﬂr$il e Sui]tcabl e s%het ic thernoplastic elastomers include,
but are MY & 08 <h'SPOhrene rubbers, et hyl ene/ propyl ene rubbers,
butyl rubber s, TRolbyRieadnsiediond ot the pRREEARFEntiER M RetherBichudenpdayy by

chl orides, polychloroprenes, or 25 styrene/butadi ene copolyners. A

parti cul aattaghmens/betveden sha sasfoys comppnants tForgxamplg) the sopstrustipod Pyayey Inof

I hyl d hyl L Nyl -f L4
ot or 1 af SRRy o el 30 Tstang Ao bEul et T e Be AR SRR T

properti esarhifaon of YREFEAWS cMdsinldiCanaRdichieved by & Sftd vty Of @RIRGESSi on) are
attained. Polyurethane inpregnated felt-based materials such as are used in

convent i dawwnReindingimrihals, pehisis bahmeh adiesiye, prepsusk sampitive aghesiveeglup,tient

mat eri al | SQ. fi.b . Qf 11 | e,

pol yol ef i1%&@0?@13?2‘??“%Slq%%}{‘%gan%%%{ﬁ?‘%‘gésmﬁ?%%%g’eﬁé% the 2004/ 062849
PCT/ US200stnidhk 3 fdcrow it-sgivated bohyting, drakd Kk eAernitdbelyl ks Haideyortiohhaadf i ber s
may be of finite length (h:e.e., sta%I e). or substantially continuous in the
fiber nmatthe mstient parupref thesubpadiortd be byoughs fogsther By SPENITUSIPTE he abr asi ve

constructions : - t el I | r fi to
t hozge sol d und@?p 1c%aﬁli§, ltaﬁgﬁ(;%ﬁ)gr%se %ﬁ%ﬁaﬂﬂw&?ﬁ plg’ggga@?%%égg@c%iﬁge f oans,
commer ci gorbysursanditin e Hot araliigpé. eRyitableghirsssaicatngfive Sthckives catyberd wisle Cor p.

Lawr ence, NA .. . : . i
variety of the commonly used pressure sensitive adhesives, including, but not limited to,

those based on natural rubber, (meth)acrylate polymers and copolymers, AB or ABA
block copolymers of thermoplastic rubbers such as styrene/butadiene or styrene/isoprene
20 block copolymers available under the trade designation KRATON (Shell Chemical Co.,
' Houston, Tex.), or polyolefins. Suitable hot melt adhesives include, but are not limited to,
a wide variety of the commonly used hot melt adhesives, such as those based on polyester, !
ethylene vinyl acetate (EVA), polyamides, epoxies, and the like. The principle
requirements of the adhesive are that it has sufficient cohesive strength and peel resistance
25 for the subpad elements to remain in place during use, that it is resistant to shear under the
conditions of use, and that it is resistant to chemical degradation under conditions of use.
The fixed abrasive element can be attached to the subpad portion of the
construction by the same means outlined immediately above--adhesives, coextrusion,
thermal bonding, mechanical fastening devices, etc. However, it need not be attached to
30 the subpad, but may be maintained in a position imimediately adjacent to it and

coextensive with it. In this case some mechanical means of holding the fixed abrasive in
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The abrasive constructions of the present invention can further include
nmeans of attachnment between the various conponents. For exanple, the
“construct iwo »bwosessen Figure | is prepared by | am nati ngcashesio4tie4ri gi d
material to a sheet of resilient material. 10 Lam nation of these two

el ements can be achieved by any of a variety of comonly known bondi ng

nmet hods, such as hot nelt adhesive, pressure sensitive adhesive, glue, tie
| ayers, bo I g,
thormai Dot RAEe il BERANLEE iy AR P SERiitt [ e QMG WostbaD,
the rigid pag.tion and the resilient portion of the subpad could be brought

toget her by coextrusion. 15 Ty I ] am of elene i.s readily
achi eved by use W%FPS&V&?@E‘?IQQQ“@ éﬁ%‘%‘ﬁa@@?ﬁ@ﬁg ri'i’)tFnlﬁ t"Hett type.
Sui tabl e pfﬁé&gﬁﬁ%ﬁﬁ@ﬁfﬁde\/ LR W, @@frbx%ppe Vit Sgy bt‘@fth&fe}i bgfantahﬁesqmmnl y

used pressure itive adhesives, inéludi ng, but not limted to, those
based ®n nairumehamiodmesaps, (sore hs)ﬁecceymmt pmsmeyamng riagdesBPn Vo, etAB or ABA

bl ock | | st [,but adi
oty onel T Sont encTB Do RHa eh LBa pp T Rm Y E R R ShETP R | on
KRATON ( Shelk Hihe %ﬁ%}ﬁnagﬁm g seffRtbntior WeTkrs, as S vAQI MRET infthe aﬁ%rﬁ%@ kgthhot

nmelt adhesives 1 ncl but” are not limted to, a wide variety of the
commonl y usgdishiog pa@ a;ndddtbwabmye sbumibs. Exampls of Batdle pAchesyeenés those

or i mei pl e e edbii itk A3 55 SR Fim ROEISHRR GtBiits ve

strenghh angdaRegls, 4% 8lad)¢er).25 for the subpad el enents to remain in place
during use, that it is resistant to shear under the conditions of use, and

that it is resi sTmallofosmh@mcbaﬂes telrdeddtead pnig mdtdra velsgheldemsvhath mee.  The
fixed abrasive eI an. be. attgched. to th ortion of th
Conerr aot & cipigit o inA A Rind S il SrbAt st PR AR e Semfontier,
coext rusi ONyafef. hWﬂT@dll DEGHH itiRseniiBSIIANE Mafck ARL Gl MersHR\ArEES mc%eelafwv@ver
it need not be attached to 30 the s;ﬂgad but maybe maintained in a

position i mcanather yTheoy afeebeldergotatespiffieiosaisnkr feéhwnt $p1ratl fashwnt elliptiesdse

sone chanj gal me%ns f ho rmerg(Ht he fi xec(l) %bgaéfo &[Lhe o swe 21004/ 062849
PCT/ US2003/ 821384 © RP frm s, 9 TR OP AR P 36 S et
pi ns, et ai il mdvedincArBfelfive t SeUitier suefabe orlfRghaBDitatdnaey. arﬁd $leed gescri bed

herein is pl aced onto a machine platen for use in
wlich 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).
20 The abrasive construction of the present invention will typically be circular and
have a diameter of about 10-200 cm, preferably about 20-150 cm, more preferably about
( 25-100 cm. It may rotate as well, typically at a rate of about 5-10,000 rpm, preferably at a
rate of about 10-1000 rpm, and more preferably about 10-250 rpm. The abrasive article
may also be in the form of a continuous belt or web. In these instances, the abrasive
25 article may move with a characteristic lineal speed, for example 0.038 — 75 m/sec.
Surface modification procedures which utilize the abrasive constructions 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 worldng liquid may contain abrasive particles or may be free of abrasive particles.
30 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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nodi fying the surface of a silicon wafer, for exanple. It may be attached by
an adhesive 5 or nechani cal neans, such as placenent pins, retaining ring,

t ensi on, WOLO0UM234€t c. The abrasive constructions of thdqivesseretidsyenti on
can be used on many types of machines for planarizing sem conductor wafers,
as are well known in the art for use with polishing pads and | oose abrasive
slurries. Exanples of suitable nmachines include those sold under the

t radenames M RiEfjoa8 thoRifatdt N d\ikEaltbhd SHER iffentioh A beatine dfpaMat ey i al s,
Santa Clara, CA) pically, such machi nes include.a head unit with a wafer

). Ty | [
hol der, theise Bkiag in the @i veithopt depstngaromath ssppgand sirbefdhis ingendipnandibrt pad
for hol diygn e 1 : I | : : ] duct or
waf erand G SR GE0 GHF By v o nftfBE Bty BRI & B R e
hol der r efndb@isnepid feeforthhereifi r cul ar fashion, spiral fashion, elliptical 15
fashi on, a nonuni form manner, or a random notion fashion. The abrasive
artidcle can rotate, nove linearly relative to the wafer surface or remain
st ati onaEgamples speed at which the wafer holder rotates will depend on the
parti cul aRpar tus, planarization conditions, abrasive article, and the
desired g%%§£§$¥§¥§on criteria. In general, however, the wafer hol der
rotates #oudetcedidhs about 2-1000 revolutions per mnute (rpm. 20 The
abrasive construction of the present invention will typically be circular
and have a dilhssfcaing'sMedvdus oftiy: (g abmgsiysresmmosiis matebiglstusodimtbe PEsyelinor e
pref.erably about 25-100 11 rotate as L Lyl cal | rate of
Dot - yeBier sr ravartiiig o i R Ea il P ab BB ST Tore
pr ef er abins3sBAYStalidardSlest M¥tholl Gor dlRh&i% Mepétibs 61 PlastioByardl ASTREDLIB2td®E form
of a continuous belt or web. In these instances, the abrasive 25 article may

nove wi t KStandasésegisirepirties ofnidun Plapleedhecting). Madhiitabions ty3he tesyprogedue .
Sur f ace [ i g I ticl | - asd uctions of
the. pr osbatant itk BB ARAAY AR M o ss dhiiBpall B e GRRS 35" b,
Gener al | ylaghéeofphe firadabihdive; havipg b fgaugeldngth of 2. 7pmeseniieh of 3. 2mwpikd a9
i ciui d. Such a working Li gui d may contain abrasive particles or may be flee
of labr astyeknsss mithe gage 860 83:% A Ry thegxisnsiopdate duang&sting ised in U. S.
Pat ent N??%gz 317 and in U S. Application Publication No. US

51253,

2002/ 01 |S'ch are incorporated herein by reference. -11

Wafer Delamination

Wafer delamination was observed visually. A rating system was developed such
20 that the degree of delamination 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

delammation over approximately 10% of the wafer surface.

Matenals

25 Fixed Abrasive

One of the fixed abrasives, in coated film form, employed in this study was Cu
CMP disc M6100 (MWRG66) 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
30 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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WO 2004/ 062849 PCT/ US2003/ 041364 Various nodifications and alterations of
this invention will becone apparent to those skilled in the art w thout

" departi ng woamitohmiscope and spirit of this invention, ardriuszosshouskd be
understood that this invention is not to be unduly limted to the
illustrative enbodinents set forth herein. 5 Exanples Test Procedures
Young' s I\/bdul us The Young's Mdul us of the fixed abrasive conposite

materi al s on eterm ned using a static
tension tes SI m bg%%{egg ?ﬁ)%?ﬁ%lgé%}% %}ﬁ‘éﬁ Ag%a 38-84 (Standard Test

Met hods fommdbeasﬂrmmﬁosmYoﬁnﬂmﬂuM):%nﬁmTM D-882-88 (Standard
Tensile Properties of Thin Plastic Sheeting). Moddifications to the test
procedure relevant to the current testing included the use of snall
dumbbel | s; oyt §r om nol ded  pl aques of the fixed abrasive; having a gauge
| engt h of E%T@Wﬁ} wi dth of 3.2mm and a 15 thickness in the range of
0.43-G 71rrmig1'.dl&nnpadeﬁt extension rate during testing is 0.0212 nmms. Wafer

Del ami nati on Wafer del| am nati on s.,observed visually. A rating m was
devel oped such 156 {BLETTREBUGELS GF FIFH SR B s et Bo SHRE
relative Si%k&ﬁmearisoéate Qxd)ashbaﬂlgcﬁon& GH thyﬁléiés%péégivﬁﬁﬁlﬂ%hﬁﬂ ob). Itgss than
| % of the wafer surface. rating of S represents el am nati on over

appr oxi mat ehsgetib@¥hioknesh emplafyed wsmﬁﬁ&%mm (M&mﬂ) aAlshoub oRé facknaby was ve One of

'S 6100 SRINSH) BaghRRER ¢f B PSP er R ot B "o oB S b bl o

from jhe 3M {ompadihet é&lym@?s%d M¥rialoul 85186 Eeqse&fiaﬁﬂﬁg &efheAbr asi ve was
coated onto a 3 m| et hyl ene terephthal ate) (PET) backing which in

turn was | aminated onto a 30 specified subpad. A second product simlar in
conposi t i oRaddehfamhpondd\R73 was al so tested in the 20 inch dianmeter

coated, filmconstruction. It is nearl den to the M6100
Aﬁ oP the resilient components us j tfolf owing examples were closed cell

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

15 '
VOLTEC VOLARA Type EO foam 2 pcf (pounds per cubic foot foam density), 3.175mm

thick (125 mil). _

VOLTEC VOLARA Type EO foam 4 pcf, 2.38mm-3.175mm thick (90-125 mil).

VOLTEC VOLARA Type EO foam 6 pcf, 2.38mm-3.175mm thick (90-125 mil).
20 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
25 Properties of VOLTEC VOLARA Type EO Closed Cell Foams

Property 2pef 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) 0476 0.959 1.531 2.962%
Tensile Strength CM (MPa) 0.310 0.697 1.097 2.076%
(ASTM D3575)
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fi xed abrasive except that the Young's nodul us was neasured to be | ower.
WO 2004/ 062849 PCT/ US2003/ 041364 MARG66 abrasi ve conposite Young's nodul us

-12

72. 4 NMPa W \Bf3/arasi ve conposite Young's nodul us = 33. gciibg00ddbBagds 5

Ri gi d Conmponent The rigid conponent used in the present

pol ycar bonate, 801 OMC Lexan Pol ycarbonate (PC) sheeting from CGE

i nventi on was

Pol ymer shapes (Mount Vernon, IN). The sheeting thickness enpl oyed was
0. 508mMn ( 20-m-H)-—Al-though—one-t-hi-ckness—was—enplgyed—thethickness—of the
PC sheet i riFlormytiondo Préak M £56) r ange #5Bom 0. 05082%m td 103815 mh QGBEr
pol yners arglodzafieit Brakopu(ed) al so 13 used fos24 hi s |el ersgat .  |Res§dsrent
Conmponent resilient] conponent|s used in tthe foll owijng exanplis
We;rg cl osegll%gﬁ]ﬁsf‘z?an% av-at- A%n?rom oHtek—a—dip-si-on—of Sgki surm nerica
Corp. (LawkeacResistnge MIBPYOL THC VERRRA Type 0H@4f oam 2 $HET0 (pdun@iéﬁﬁér ubi ¢
foot foam|depskdstancelcNthmPa) tihi oko15d25 (M | p.14AOLTEC \(A0ARA Type3E®+f oam 4
pcf, 2. 38n@ §Tﬁ1r7 }hi ck (90-]125 ml). } VOLTEC VOLARA Type EO foam 6 jpcf,
2.38mm 3.1 émn 1ck’ (90-125 mil) . 20 MO TEC VOLARA Type EO{foam-12 pcf,
238mm 3. 17 5Tumprdsbig Ret(B®£125 nil) . ZSReprqsent dBi ve propefties |of these [foans
wer e provi|dedgimy Thidkessdppl i er |and are shown in Table 1 belof. Table 1l 25
Properti es (ngTM@ﬁg VOLARA Tylpe EO d osled Cell Foans Propertly 2 pcf pcf 6
pcf 12 pcfi—benstty—{kgA3—0-100326—06-08641 0060696100176 Q)eruai ty—Range
(1 cg/ mB) d. Boudirdmsobbed 0000961 0. 00176 10Conpressi ¥h St rengfh” MPal @ 25%
0. 0276 0. (&33reHHBl @O 9de 45 55 65 90* :
(ASTM D2240)

* Indicates data estimated from linear extrapolation of property (y-axis) vs. foam density
(x-axis)

Uniess 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.

10

Pressure Sensitive Adhesives (PSAs)

The specific PSAs used for pad construction are detailed in the description of the specific

15

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.

various pad constructions.

Subpad and Pad Lamination

Examples. Other PSAs and adhesives could be employed for the PSA layers of the

All subpads and pads were laminated together taking great care to prevent 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.

-14-



MPa @ 50% 0.0828 0.1103 0.1379 0.2066* (ASTM D3575) Tensile Strength M
(MPa) 0.476 0.959 1531 2.962* Tensile Strength CM (MPa) 0.310 0.697 1.097
2.076* (AWIMODB®28)% - 13 WO 2004/ 062849 PCT/ US2003/ 041364pcElisngatiisn t o
Break M (% 253 329 361 503* Elongation to Break CM (% 232 324 364 536*
(ASTM D3575) Tear Resistance M (MPa) 0.0621 0.124 0.179 0.3259* Tear

Resi stance CM (MPa) 0.0759 0.1448 0.2069 0.3713* (ASTM D3575) Conpression
Set (% of 8 7 - Original Thiclaiess) (ASTM D3575) Shore Hardness A Scal e
4 10 30 60*= ore Hardness 00 Scal e 45 55 65 90* (ASTM D2240) * Indicates
dat a esti mpgghiheSeidtionear extrapol ati on of property (y-axis) vs. foam
density (x-axis) 5 Unless otherw se noted, the thi ckneds&tlof tge f oam used

was 2.38mm Al t HotGMP SolsBem{ PR didprosiipt? @\%ﬂéo%%ﬁ%ééﬂz UME ggPlieted t hat
the foam t %%.ggma&tw@-@g%&%%r%&% ANSr SR ERESY Arégm%g%g?tlaﬁemn#? mm

to 5mm O her cou I's el ement. y, the
resilignt ehef®hCompatyd(ShePanh NN eThoippropriaty amoure of 30%i (bl evdigle) Byrogen t hat

Adned ves. (TGRS whh abisd Bt MedaitoRt Bee IpERyitin B S RL 1% SRDoBPEMbSA (al |
aval [ abl @ 15801s a3 s3MHIRATY 305 1,6 W ght'Yhlo WRS1B/gted Tor the PSAs as

described i'n gures

Wafers
10 Metal level 2 (M2) wafers were obtained from International Sematech, (Austin,
( TX). The ultra low K substrate was JSR LKD-5109 (from JSR microelectronics,
Sunnyvale, CA). The wafers were processed using JSR LKD-5109 and the ISMT 800AZ

Dual Damascene Reticle set.

15 General Polishing Procedure

A polishing pad was laminated to the platen of the MIRRA polishing tool via the
bottom layer of PSA. The pad was high pressure rinsed with DI water for 10 seconds.
The pad was conditioned using a MIRRA 3400 Chemical-Mechanical Polishing System
(Applied Materials, Inc., Santa Clara, CA) by polishing an 8 inch diameter copper (Cu)

20 disc for 6 minutes at a platen speed of 101 rpm and a carrier speed of 99 rpm and
delivering a polishing solution, CPS-11 w/ hydrogen peroxide, near to the pad center at a
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

25 °  the M2 pattern wafers. The first step used CPS-11 polishing solution with hydrogen
peroxide at a flow rate of 180 mi/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

30 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

-15-



The specific PSAs used for pad construction are detailed in the description
of the specific 15 Exanples. Qther PSAs and adhesives could be enpl oyed for
t he PSAWaRBHAHH2t he various pad constructions. Subp&ETAISA0BA3EAM nati on
Al'l subpads and pads were | am nated together taking great care to prevent
the 20 trapping of air or debris between |ayers. Additionally, one needs to
take great care to prevent the winkling/creasing of the abrasive el enent,
the rigi depl 20BN A\l CBReF &5thé bR TheYhrB&RAL afplhidd e thheartisninfal tibg process.
-14 WO 2004/ 062849 PCT/ US2003/ 041364 CWP Pol 1'shing Sol uti ons Cu CWP

Sol ut i onretESingTingmndduwnbiangof the TET By wanel L st SEl @t P¥n  CPS- 12

(product # 60-410050575-9 re used. for e | T. ai ned
from 5 f'?‘?@e%‘meéog%fﬁégf%%? Pauy P S.Wefﬁépg%r%%ﬁgrblga e %@ %j\rél\it%]gf q%%(by

wei ght) Byg P /a9 ¥hdsblvasimpdie dreeduiied 30 bleht thesvaler opidatlypno0i19hé ng. The
CPS-1 1/30% H202 weight ratio is 945/55. The CPS-12/30% H2O2 wei ght ratio

i s 918/ sfollawdddysn afgitigaablOsiavgepolphwsmg thiafdeptcahprescsnoaiiiogs AGR

I nt er natiopal. Semmat ec sty X)) . lt.ra.low K substrate was JSR
LKD- 5109%?&6?5’ r?nwgfeo%a%eﬁc%)lra%ﬂrﬁl%ds@ v@ﬁ%ﬁ%@éﬁlfe@lé&). The wafers were
processed using JSR LKD- 5109 and the | SMI 800AZ Dual Danmascene Reticle set.
15 Gener @Rl SdHapghnEr ocedure A polishing pad was | am nated to the platen
of the MRRA polTshing tool via the bottomlayer of PSA The pad was high
pressure ri nséulthsiwafeDemaatlsectior ofthe ¥EBBAdofiiwaTthapaes seebudoeaiditiasaed usi ng

a RRA 3400 Chem cal -Mechani.cal Pol.i shing System | ed terials, Inc.,
Sant’a C 8?%183 k) ?}B‘ilg‘if&’?{&gﬁ? n%v%“a}lﬂ%ﬂ’e&‘lg 5?%$Wpé%sé)gg'ﬁﬁ(%yz RifSc for 6
M nutes a2 REAMSAINIRERH Biardfld 3nR6A dtuck Coniditicdk idREes tokhd8 of pm and
delivering a polishing solution, CPS-11 w hydrogen peroxide, near to the

pad cent Examplea2Af2dw rate of 120 m/nmin. During this polish, the pressures
applied b%cﬁlg]c?( dgngﬁ%n% 3 Bfaples 1A-1D (Standard Dechuck Conditions)

6 - TITAN carrier Dechuck: Inner tube pressure before membrane vacuum. 3.0 p.s.i.

15 7 - TITAN carrier Dechuck: Retaining Ring pressure before membrane vacuum. 2.0 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.
2500 msec
10 - TITAN carrier Dechuck: Time to apply membrane vacuum. 3000 msec
20 11 - TITAN carrier Dechuck: Inner Tube pressure after membrane vacuum. 1.0 p.s.i.
12 - TITAN carrier Dechuck: Time to wait for 2nd inner tube pr to settle. 2500 msec
13 - TITAN carrier Dechuck: Time to wait for head to pull wafer off pad. 3000 msec N

Dechuck Conditions for Examples 2A-2C and Example 3 (Mild Dechuck Conditions)

25 6 - TITAN carrier Dechuck: Inner tube pressure before membrane vacuum. 0.8 p.si.
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

30 10 - TITAN carrier Dechuck: Time to apply membrane vacuum. 750 msee
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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i nner tube, retaining ring and nenbrane were 4.5 psi, 5.0 psi, 4.5 psi,
respectively. After <conditioning the pad, a two step Cu polishing sequence
was enpl oy®® 300+0@28E pol i shing of 25 the M2 pattern waf ersCcT/Usmofonsds step
used CPS-11 polishing solution with hydrogen peroxide at a flow rate of 180
m/mn delivered near to the center of the pad. The pressures applied to
the carrier inner tube, retaining ring and nenbrane of the TITAN carrier
are 1.0 psi/l1l.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
condi ti ons.ExAfdpss tA4ilD 30 polish the substrate surface is predoninately Cu,

w th none of th |e regi on's %ﬂi‘&{‘@é ﬂ%ﬁ@l&re egca /B? ‘_F"I'??rtwgﬁ ei no%s
exposed. The vvaf
del ani nati Qfre /éicélﬁﬁle@uéiﬁg tv% Eiffel?érﬂ%%h!& abxramﬂé 8ypet. Pﬂ?CEﬁﬂmcﬁb@lSﬁ@Q@@h@ﬂil sh

enpl oyed CPS-12 polishing solution with hydrogen peroxide at a flow rate of
180 M3 nmn mfsgxmmomm@zgagb@@"abmegﬁmumg 3| aﬁes’é@aesmarsemsdwehe

center of t ressures to,the carr ¥

e i g AR e v rA RS e M bt S FE s e R v i 405 4
psi, res p%éme&ﬁleyemeﬁh ﬂo&h@é ShidHestid Bt FPARESVERer 3071 Pia praskua® 1 pm

respectively. The polishing time was variable, being the time required to

clear the wahstye adnssiveldyyr A0waodd 42| thepustwye sensiiivgiadhesivg lagg03

over-polish u identical process di.ti.ons. fter ng, wafers
were agai n &% ;jr#%éz{]ﬁi alwt%‘ug}'esﬂ'gfeﬁ?ﬁsﬁb i g esTysdar A0 dal\{lggﬂf:{ﬂn the waf er
renmoved  seclvhabl®frohvdRipAng oSt mnemmapa@ggnm@ﬁ@mk“ea@rageﬁdvﬂﬂﬁmg&}ecan be

set. The dechuck condition variations between Exanples |A-1D and Exanpl es
2AL 2D are ﬁ&b\mplwbng)wﬁxaiabrpm@e Byeseld, ddbetldek 4tbrdimi passurgwnsitive pdiesivehos e

of Bxanpl gg, 24120 Dechusle Gndkt] ons.d Bl Gramles. LIRS a0gar 4 Prchuck

Condi ti ons) AR e pressure or € efbr ane
vacuum 3. Gigméntid18 ahd 4 tlnrcfﬁir}'&%lﬁr@s’thﬁlheé addegivy Cigier BB, aThé MHirdPrBBul sefsitive
bef ore nenbrane vacuum 2. i 8 - TITAN carrier Dechuck: Menbrane

pressure befibeBvedsne Hiev Qﬁé’é\@ Q(W 1 FLothg figstipresgure sepsiige adherive laypethiuvee Ti me
to hojd aboyg (b5 $iSHARLELRLE pPRIRE RiMNACIHN ive BPQ%19R6% 3M 9671 (available

from 3M Company, St. Paul, MN). Pad constructions, fixed abrasive types along with the
results after the 2nd Cu step polishing process are shown in Table 2 (below). No
delamination was observed on any of the wafers after the first step, CPS-11, Cu polish.

Table 2
20 Pad Construction, Fixed Abrasive Type, Wafer Identification and Polishing
Results for Example 1
( Fixed Pad Wafer Delamination
Example | Abrasive | Construction Rating

1A MWRGE6 1 5
1B MWR73 1 4
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

25 delamination behavior compared to the MWRG66 abrasive composite.
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10 -TITAN carrier Dechuck: Tinme to apply menbrane vacuum 3000 nsec 20 11
-TITAN carrier Dechuck: |Inner Tube pressure after nenbrane vacuum 1.0
p.s.i. WO2WR/MmAMIcarrier Dechuck: Tine to wait for 2nd®dIWREPONM4ES4pr t o
settle. 2500 nsec 13 -TITAN carrier Dechuck: Tine to wait for head to pul
waf er of f pad. 3000 nsec Dechuck Conditions for Exanples 2A-2C and Exanpl e
3 (MIld Dechuck Conditions) 25 6 - TITAN carrier Dechuck: Inner tube
pressure e wpr ane vacuum 0.8 p.s.i. 7 - TITAN carrier Dechuck:
Retaininﬁy ”ﬁgéﬁggggﬁre bef ore nenbrane vacuum 0.5 p.s.i. 8 - TITAN
carri er Dechuckoliovingdthapenprbpdishngpedwdarerdestsited@boes PadCondir@ctiong. i . 9 -

TI TAN i er. De k: Ti t 0. hol d. bef )

250 cosdseshiet A AAERar 8 tRatnRans HRHEREA0E S AT hEsTraRa R e vam 750
nsec | | _ad‘ﬁ&ﬁeé\ha?amio,ea rd0EY e meh N PRI anBURR RIS E40E: Rhbifike ABIERFANSY aCUUM
0.8 p.s.i. 12 -TITAN carrier Dechuck Time to wait for 2nd inner tube pr to

settfe. 262)wweexamBed WiTgpadsarepared Howthe k2pcT Gpef ard dpaftVdlsk fawasiof o pul |
waf er of f d, 7 =1 2004/ 062849 PCI/ US2003), npl es
1A- 1D Fol T‘%ﬁ h@“‘fﬁ‘émﬁgﬁx%ﬁw@fﬂn 05%@3&95&%&@?% g‘é%@é%?f‘% pad
CoNSt r uct{,0igsed f¥ofh et QMsiivk RdhdsVR 18Yerd £1(PAHa 412X OheARbdigicH B RS . Pad
Construction 1 was as shown 5 in Figure 4(a), including a fixed abrasive

401, a bagdoeragpdihingpré¢adure ipeludedidecrensingithé [rabaghessinedo Dymsi. A8, the rigi d
el ement 404, a second pressure.sensitive a i.ve.layer 405 .a..resilient

el enent A@SBWE%QEFE??BG ﬁ?%ggﬁﬁhén%%ﬁ?iqlﬁ?fggg@’élﬁ @‘?ém?ﬁi%fgﬁe%@?dﬁe pressure
senspti vepaghae han.av&rthé&%xm?lesméﬁ&i%g i€ PF BEOPS 13 QA8 PV adhesi ve

| ayer 403 was 3M 9471 FL, and the pressure sensitive adhesive |ayer 405 was

3M 9671 (meilishing agadecraghted in $ablg 6, of Sixampiad B weslpverrpalistiethd®sr ucti on 3

was as sh L0 FLgune, . F-ncl udi ixed . ive Jayer 413 a backing
w12, " 11 el S o B G 12 AP NN mition Papeny
416, a segnBge@beasysRhs st aiter tadias siep, (RSN, Gdpolish.rigid el ement 418

and a third pressure sensitive adhesive [ayer 419. The third pressure
sensitive adhedmpmation sulds areghewn in Gable 3 FClearletheiaptiglesontaiipg asensi ti ve

adhgsi ve Hlegiylgrgt o nY"Sﬁlo% é%ﬁf‘i‘t%a%ne@;tg?ieiﬂ%u%&ﬁﬂ&%o%ﬁ PR eR At the' ©

adhesi ve 7 was aval
delamination behavior. Over-polishing, at these process conditions (Example 2B), did not

significantly increase the degree of delamination. Also comparing Example 1D to

Example 2A, delamination was improved by modifying the wafer dechuck conditions to

be more mild.
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 pef 45 CPS-11

2B 6 pcf 176 CPS-12 1.5

2B 6 pef 20 CPS-12 1.5

2C 4 pcf 50 CPS-11

2C 4 pef 150 CPS-12 1
25
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from 3M Conpany, St. Paul, MN). Pad constructions, fixed abrasive types
along with the results after the 2nd Cu step polishing process are shown in
" Tabl e 2 (lvebovduosdee del ami nati on was observed on any of pCR@spmbesiseaft er
the first step, CPS-11, Cu polish. Table 2 20 Pad Construction, Fixed

Abr asi ve Type, Wafer ldentification and Polishing Results for Exanple |

Fi xed Pad Wafer Del arnination Exanple Abrasive Construction Rating |A
MARG6 1 5 1B MAR73. ] ; 4C D. MAR73 3 3 Pad Construction 3 showed
i mproved PR P P et & EShared to Pad Construction 1
Simlarly, the M¥/GomhustdlEwas intEushowRMWRSOfied srisve andShe 12pcf

del am nati on behavi or_ conpared to the MARG66 abrasive conpgsite. -17

2004/ 062849V Ptk Tosmo Fplishing sus cendusisdestiptie zaldep dpdirck gorditonfe Aolighing
polishing p . ' n L, e jgure 4

el udi ng APraasoRBiGE R 00 15 et BEERRAGH LEGD Bfept IRERIERBY LRy o
adhesi ye | ageiCPSL0L palish&sds6isestondk andihe CPKL1 apclish the Bd0p pReSUEdi%ensi 4 | ve
adhesive layer 5 412) was_exam ned using pads prepared fromthe 12pcf, 6pcf
and 4pcf Voleeerdsibgwar-palishTapl e 1 and the MAR73 fixed abrasive. For the pads

of Exanpl es 2A- : . ! sive
| ayers 410 and iﬁ%?ﬁ%ﬁéiﬁ%ﬁ$¥?@@§3%%ﬁf%¥?ﬁ%gaggﬁgégﬁﬁg%ﬁP@ﬁ?%g’%%gﬁgggﬁe

i ncl uded degxagmdd 1Y, ddoreabing Hxesepedts D e deohfbkbcapditionAisprovedithe gk shi ng
times for the two _polishing steps differed slightly fromthose described in
10 Exanpl e 960Bati¢nhy t hese exanpl es, the polishing times for the CPS-11 and
CPS- 12, polishing are docunmented in Table 3. The wafer of Exanple 2B was
over-polished 20s using standard polishing conditions and CPS-12 polishing
sol ution. No delam nation was observed on any of the wafers after the first
step, CPS-11, Cu polish.

-19-



Del am nation results are shown in Table 3. Cearly, the articles containing
a 15 resilient elenent of |ower density/hardness/tensile strength, showed

i nprovenent in the delam nation behavior. Over-polishing, at these process
conditions (Exanple 2B), did not significantly increase the degree of

del am nation. Al so conparing Exanple 1D to Exanple 2A, del am nation was

i nproved by nodifying the wafer dechuck conditions to be nore mld. 20
Tabl e 3 Pad Construction 2: Polishing Paraneters, Wafer Identification and
Pol i shi ngwRasyti3mb®rs: Exanpl e 2 Pol i shing Wafer Del am nation Exanple Foam
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 2B 6 pcf 20 CPS-12 1.5 2C 4 pcf 50

CPS-11 2G 4 pc . - -18 WD 2004/ 062849 PCT/ US2003/ 041364
Exanpl e gL Cbﬁ%é%?%%ﬁﬁgpégééWBégn%bnditions Pad Construction 1 was exam ned

usi ng t he MARGHNAeldxbdisabrbaieve aathd t he 12pcf Vol tek foam Polishing was
conducted with tgsa i | der . dechu condi tions. Polishing process conditions

Kk
were identical®¥ lﬁ§mﬁﬁdﬁﬂﬁ@§eeﬂﬁﬂb, except the polishing tinme for 5
the CPS-1 1 paliedinWae HdS@rands cifdnt RecdBIedkdcPRlithSthe tdubBad 8ndl@fRs pl us an

additional 5 seconds of over-polish. The Wafer Delam nation Rating for this
waf er wasreglignt clogephhasd: thore Hehapdieesofgb greseirianedl o mepseicd asingd STHE severity
of the deghyck conditions inproved the wafer

2. An abrasive article comprising

a fixed abrasive element; 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 no greater than 30 as measured using ASTM-

2240.

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

hardness of no greater than 20 as measured using ASTM-2240.

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-22440.

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 element; 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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delam nation. 10 { -19 What is Clained is: 1. An abrasive article
conprising a fixed abrasive elenent; and a subpad conprising a resilient

el enent, wherein the fixed abrasive elenment is co-extensive with the subpad
and the resilient element has a Shore A hardness of no greater than 60 as
measured usi ng ASTM 2240. 2. An abrasive article conprising a fixed
abrasive el enent; and a subpad conprising a resilient elenent, wherein the
fixed abrasive elenent is co-extensive with the subpad and the resilient

el ement has a {hosgadvdainess c%ﬁm@x«%ﬁ‘eﬂ file Fé&ﬁ!&n@@leﬁénﬁﬁéssws%ré@ ng ASTM
2240. 3. The abrasive article of claim?2 wherein the resilient element has a

Shore A lredngpesigredterntbarg? anmessutedamin2 M 284&ur ed usi ng ASTM 2240. 4. The

abrasive article of claim2 wherein the resilient el enent has a Shore A
hardness of no greater than 10 as neasured using ASTM 2240. 5. The abrasive

article of. cl @t abradher aitinietdsfeclaiesill R ants, ellemEntthd1asbpad Shaipeisé a higiddness of
no greater than 4 as meas d usi ASTM 2240.. 6. An abrasive article
conpri sin emﬂ“@?%ﬁ@“ﬁﬁr&§ﬁ@§m@W% HF““? dm§e§ﬂﬁﬁéﬁﬂﬁwﬁpr|3|ng aresilient

el ement, wherein the fixed abrasive elenent is co-extensive with the subpad

and the resilient elenment has a Shore A hardness of greater than | as
measur ed 9si ngThQSHWBSIQQAOICI& 20 claim 1, 2 or 6, wherein the fixed abrasive element

comprises a fixed abrasive layer and a backing, wherein the backing is between the fixed

abrasive layer and the resilient element.

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

adhesive layer between the abrasive element and the subpad.

[1.  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 1, 2 or 6 wherein the fixed abrasive element
comprises a fixed abrasive layer, wherein the Young's modulus of the fixed abrasive

layer is less than about 300 MPa.
13. The abrasive article of claim 1, 2 or 6 wherein the fixed abrasive element
comprises a fixed abrasive layer, wherein the Young's modulus of the fixed abrasive
layer is less than about 75 MPa.
14. The abrasive article of claim 1, 2 or 6 wherein the fixed abrasive element
comprises a fixed abrasive layer, 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
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7. The abrasive article of claim6 wherein the resilient elenent has a Shore
A hardness of greater than 2 as neasured using ASTM 2240. 8. The abrasive
article of claiml1, 2 or 6, wherein the subpad conprises a rigid elenent
between the fixed abrasive elenent and the resilient elenent. 9. The
abrasive article of claiml, 2 or 6, wherein the fixed abrasive el enent
conprises a fixed abrasive | ayer and a backing, wherein the backing is
between the fixed abrasive layer and the resilient elenment. 10. The
abrasi ve arti ch8viafngGhabisibe adic® offiaiby I NEFs;cONPrising a pressure sensitive
adhesi ve | ayer between the abrasive el enent and the subpad. 11. The abrasive
article of clatomagtingthegbrasiveapiclesp agueagsrod ssvafer: anhsitive adhesive |ayer
bet ween the rigj ; i nt. 12. The abrasive
article of cId?#ﬂiaygﬂggk%ﬁgg%%gﬁ%&ﬁagabﬁggéﬁg%%gsive el ement conprises a
fixed abrasive |ayer, wherein the Young's nodulus of the fixed abrasive

| ayer is ss than gbout . 300 . .13. The ahrasive. article of claiml, 2 or
6 wher ei nk(le'he h%(@lfﬁﬁ’ﬂr agici%@”gfiﬁéﬁfem AP E e SOBPTER €d ”}ﬂﬁ“é‘Lih\%'"gaﬂ/er ,
wher ei n t xeledeidREn$antRdyithds 30f the fixed abrasive |ayer is |ess than about
75 MPa. 14. The abrasive article of claiml1l, 2 or 6 wherein the fixed
abrasive elenent conprises a fixed abrasive |ayer, wherein the Young's
nodul us of the fixed abrasive |ayer is |less than about 35 MPa. 15. A nethod
of polishing a sem conductor wafer conprising -21 providing an abrasive
article of clainms 1, 2 or 6; contacting the abrasive article to a surface
of a wafer; and relatively noving the abrasive article and the surface. 16.
The net hod of claim 15 wherein the wafer conprises a material having a
dielectric constant |ess than 3.5. -22
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