WD 2004/ 055864 PCT/ US2003/ 037184 COWVPCSI TI ON AND

METHOD FOR COPPER CHEM CAL MECHANI CAL PLANARI ZATI ON
WOBHHREMGE TO RELATED APPLI CATI ONS [ 001] Thi s PCT/US2003/037184

application clains the benefit of United States

Provi sional Application Serial No. 60/430,418, filed

Decenber 2, 2002. BACKGROUND OF THE | NVENTION Field

of the Invention [002] This invention relates to an

i mproved commm@m@f\l ﬁNWME@‘H(ﬁﬁ‘i‘?(ﬁR@@PPER for the
chem cal nmechani cal pol i shi E [ anari zati on of

seni conduct o HEMKIAL MECH ALfF?IMABIZATION el ates
to conmpositions of slurries containing sulfur-bearing
conpounds capabl e of converting copper to copper
sulfide that are enployed in the polishing of silicon
waf ers used t ®REOERENGE TONRE A HD) APREIGATIONS
Di scussion of the Prior Art [003] During integrated

[001]ci r dhistapphicaiibaclimethedwemitiod dinied Stajes RiogisignelAppiication Serial No.
sem conductor fabrication typically undergo nunerous

60/43pr4d 8cied Rgceyniegi2, 2081 udi ng deposi tion, patterning,
and etching steps. [004] Details of t hese
manuf acturing steps for sem conductor wafers are
reported by —TonghekbresuRb oF TABIRSENFIJEChI ning of
Silicon", published in the Annals ol the
International Institution for Production Engi neeri ng

Field Fep8 avehiiod Vol ume 39/ 2/1990), pp. 621-635. In each
manuf acturing step, it is often necessary or desirable
to nodify or refine an exposed surface of the wafer

[002]I n th%vetnﬂom:e?ﬁ% fo %mﬁﬁf‘@fe‘arcoWosﬁUPF\e%% % and a process for the

fabrication or acturing ste
chem@éhvemanmhwl@bm@bﬁ@uem@tw@éﬁw@cw@ptoc aefass Mokeipesifically, it
related t§b$d1|96mlo\ﬁ§fo?§|uffr%s cOHRIRY &Fuf-Bedtin P%ﬁ{ngﬁdéoéa?)%BE%f "RBnverting

steps that deposit uniformlayers o
coppefita eprpeE sWidethahare emﬁl@yedtlaaa prdishing phsikcogiwajers Usay & produce
semicBhd\MidichiMsl | become a nulti-layer WO 2004/ 055864
PCT/ US2003/ 037184 structure. In this process, it is
common to apply a uniformlayer of a first material to
Discukdién ofRE®riof Agel f or to an existing |ayer of an
Intermediate construct by any of the nmeans conmonly
enployed in the art, to etch pits into or through that
[003] ! aygﬁrm?ﬂﬂﬁr’é% élt%uft'nhénlffilﬁu@' E8micBhbltiér waeRGsed in
mat eri a ternativel features of approximately
Sem'%ﬁF’P%ﬁPHﬁbﬁP%ﬂGﬁ’e‘gﬁ'ca%Wﬂﬁ%? ABM&"FYsrRspCapaingrstams. irgjudie
depoﬁmpfﬂa&em@taﬁdtemuwét@bs or onto a pr evi ously
fabricated | ayer of the wafer, usual t hrough a
[004] g s Retails @f thess nedeifaciyiivmhsteas p‘cacs@mlcqr@%fsmg\@fqréar@ feported by

Tonshoff et al., "Abrasive Machining of Silicon", published in the Annals of the

International Institution for Production Engineering Research, (Volume 39/2/1990), pp.
621-635. In each manufacturing step, it is often necessary or desirable to modify or refine
an exposed surface of the wafer in order to prepare the wafer for subsequent fabrication or
manufacturing steps.

[005] In conventional semiconductor device fabrication schemes, a silicon wafer is
subjected to a numerous processing steps that deposit uniform layers of two or more

discrete materials which together form a single layer of what will become a multi-layer



may be filled with a second material to conplete the

| ayer. Follow ng the deposition step, the deposited
woretoa/05sb4 or | ayer on a wafer surface general | pCTYEB2I83/037184

further processing before additional deposition or

strucRrOIRUMS r&%d@%@%@%ﬁ%&&%@ Y X\hu%pgm H?/Efa&eéjflrs'i n%t%nal to the

outer surface I S substanti
waferjigel|qrde ap@xiskeg kyee okan jréeym epowruoabw anyof theoheans

comn%ﬁ'ﬁ)?"@}r@ld%d%‘% é?ft 96 ‘éﬁﬁﬁ&ts‘ lﬁtotc;}EihrIE%Pﬁlth Cﬁ{bethen to fill the pits

processes. [006] Damascene ocess,
with g §eQ§’t"@HE§IteF'ﬁ|t 6"3@6\8%'3@6@#@%@& anpéoxl@a@ly ursfoml)thlckness

comp'n@hh@ra firlf Fn%fer%ﬁ %yrﬂﬁ déb%%ité’d“@tlltoqg@ %fé?nora&qo %rprgﬁbﬂélﬁ fabricated

ers are osited over oxi d surface
'ayerﬁé wafer, aiﬁe'? Wﬁ?f”ghr%ﬁ@élé Qrwhfhanmﬁ rqgmmadmﬁem tofﬁhaee features

may Eé ﬁl"l’ébl \HFFFI BiskEbktEmaterial {d M Ble tAE Ié)}é?gféll%ﬁnngl\!ﬂétdeg?smon step, the
copper) 1s deposited over or on

depofiieg Talhal o egat i on Watarsudcs apearally neRssupsei PrReessing before

addltlbﬁé(ledepioﬁltbh%ﬁ sﬁ%qfubﬁﬂbroli:@iélrgféic&ﬁ’s fWﬁ‘érﬁB&ﬁple@él the outer surface
er et al regi ons of the adhesi on

s subgiantigy gmﬁoﬁﬁwaﬁg&@?d BRralsldo tag,pAsroulicam WalEr sHiiRGa i sRgeific

exam@iecdfastichiaCprodeseiis d et MAUtHIcEME pRIeEsd@t al is renpved
so that the outer exposed surface of the wafer

[006] ¢ o it thed3arpaiqenRe@gesang Palewxs gichgrdnte @nraxidendietectrisl (e.g., SiO,)

layer. A‘\ftér%@cmh@%p‘ﬂfméI@%lh@éﬁﬁﬁ%ﬂ@ ordheier Ik f5R NHHsHed SV&Qhe oxide
| anar surface with copper metal = correspondi ng

S”'”fa‘fehér y@t%h@%f”ﬁ'é’lab'%rrsﬁ“@hH‘Cﬂﬁdélté'&tﬁﬁnb taRtakim a'lt”d@dff'b?é@m mt@de or

tltanldrheorqgﬁ@ﬁén edd| a meldge @0% ber@% d@dd%ﬂéd Eﬁélaér)orﬁt%g of the
de dielectric materi al | ocated on the nodifi ed
adheslgn Ag &T EB’F'e{ [?é(%f'e?e mp@r arataljayprjethenimedived, refined or finished

by refaviélg @5 coifel fetalnthdSeg AR lof meYadHésfdhrHrde&H Rfrier layer on the

sio The thod dify the surface of the
surfaGe2 0 (B8 GHENYRS P o (R rEauSH S12Ca TSRt Emovaskso that the
outer @hﬁ@@@%urﬁc@@@ﬂfe wee bpmpﬂéé&lﬁﬁﬁ metalCadl o k8 Blelddtric material. A

oo R L S BT S by AR 512 O cpper mta
correspmiiREReh etvhed patttist al@dl@@@trﬁ&ﬁét@ﬂaﬁ&iﬁdéﬁﬂid RBaRPBEYmetal.

|
he otgpen (bsppaRL e EaPde RS hetEeblocaB o fagmoditied surtace
of thenmdfer inakrenilp @aad tiferart hapdrese values shdeusedtibh tBlcanablled
coro T RS AP et e SRRy RBEES S combination o
a physietlearicathenfitdl HrodgssniSteh arobessi ie &bllabbh@hbﬂgnéa'ramcal

on
planafie SRECTY. ARtabl e PR et el Rl 6 Biaguced by the

Damagketsa procass Mua’ebeenganeaéddo sn:mﬂianesu)slymﬂdufy treametal (e g copper)

1 GL. O NAnOSc ari zation th
and ol el R i ety BRE of B et Graigasive
procesafraist nicblte aiptdnecbutec en;ai%ﬂlsaui'facand anesfatl Bavigg gn exposed area of a

metal%%%pa%r%xp%ggd aFc]acaro“af%Si?é ectr Jﬁs ﬁ%’;“ oet ching and

I'on process us equi pnent
[007] corrﬁham-l memankamlﬁﬂmg/(&%&mlzﬁlﬁm S2PPD3/dhafé 8t semiconductor

proceéasq Q@dee?%ggwf g 9{&@8%5?9 rou %s élgﬁ%zﬁn@gneqt S?J[%egqﬁg@gnsmns) and

local (a‘n@oh d;mnmasgalemzedhﬁiamarlzlab@ srutHa: veeferssurfiace. Rhisgpidnarity improves the
coverz?d@ 6f~°tﬁé s Wij[ﬁ 'die'lzé%:liric materials and metals (e.g., copper) and increases

lithography, etching and deposition process latitudes. Various equipment companies are

2



exanpl e, conventional CWMP nethods for nodifying or
refining exposed surfaces of .structured wafers uses

wo edhissgoes that polish a wafer surface with aPGI/us1093/037184
containing a plurality of |oose abrasive particles

advalﬁhn‘ig)el\lﬂ;’el‘échﬂibléﬁy tBEUG R HRpraPsH &S |nTﬂ‘IB'eﬁ§inla¥rflﬂd1és?)e§ﬂs% CX1P while

lied t O|IShIn ad and the wafer surface
chemical eBRATIF S AR d oS AR SR REE SFRagRluTIER angpalisningads. For
exambmum/etriﬁlendleisrm PefetiBdefor ModifyPa dr hefimad Skpé‘s%ﬂfs@ﬁgces of
urr contai n chem cal

struclfia Bt yecs BaBb oey e RelIA Wared duriage Wt GoBymAcontaining a
pluralitglofidosel abragive phitieks Q{ESp‘é%etdQn QMR RIEBNS heBRIMOLDidaRP his slurry is

abra ive ari ze a sem conduct or surface
applightp 7 R %B@B E?(? ﬁ?ﬁﬁ}egwgf’% Wirss 18 dhen greund PE FvvAg against the pad in
ordergb wembes th&@éﬁll@dﬂhﬂgrlﬂﬁfdrﬁ mma@?égﬂf&ieel%etnb%@% thyHIll%ry may also

alternat oc i,S repor in Internationa
contalh giige| ’%ﬁ‘% %Vﬁﬁﬂ%‘ﬂ.’a eﬁﬁﬂﬁ?%ﬁwed Mar. 27, 1997.
[008]The Amnamewmq@adltémsu@ to e B IsRAryERERBUY Bs84! éﬁ @B%swéé\sad to
ncl udes abrasi ve parti }es dis ersed in a
planagf o e pP LT orB o et .S alpatedne AeRt Auiibs fatpgeing slurries
cmﬂdmm@pbmﬂﬂﬂmpémbbmafer surface, often in the presence
no addi ti onal abrasive

wor Ki n containin I . al
[009] par 3- e %taemﬁ%l"? EW ﬁ‘i???*??ﬁs é‘?i%?ﬁt?aéf‘ inerigiienel Publisatiag No. WO
97/ 1|4841 q:rubnéhedMére 7 2 999NThdgordeil e pad Ass & Pesgurbd Q¥iadRs sarface that
unlr_{I rmvvafer surface. The working slurry is

inludg 3BTl et i Wt Sk GrOIRSRE QTGP Bhdee ebpFYe pad is

contatted ivfith aJﬁerﬂltb}ﬁiUMcﬁ Wafe’ﬁ%UHadeabﬂeri lﬂﬁhé Qf&\éﬁée &fa \ﬁorklng slurry
mat eri a he surface q

contan{q "b%a%q't'%’ﬁg] tgagg% p% &% tvyl{p' gmo l%i%rpt%wgp%fy a single layer of
materdl on theewafef ahdh thupipravidedrd plarsedf wiifokm viadhet SRIFFAEE The working slurry is

applieiR Hid Ao i e Tet P belbital SOH SeqtGamiieaoiliat the removal of a
materiay fromethé gudapesaiiise whier undss thedhction\6htHeedlyadie @tlele! | ves

i ncl.udj.n ompl exi ng. agent s di zin gents
10010}, 2 W 2Rt o Brick Sfitsatunfiths Piashes dhbcHbahatove, either in
conjurbcuibﬁ@w& the Bﬁﬁ@ﬁemtwnﬁﬁ)dluf'rle%roﬁ% thy alsrasiee pad, e §pRAly AR &Bus slurries
al so,inc)ude %ﬁfnts t hat, are

of a V?rée ¥:P cgqs Wets Q?Lﬁ:@n C‘eO %gnitsapmdgl Rty Bpssiyating agents,
surfaahaa‘ttalwailmg)ageﬁm thufférey \ﬂsdmﬂlt)t nl‘medma:fsefr CSbeﬂ@ﬂ@’lﬂlehbS@%ddltlveS

a0 g SR GG BTSSR s BB o . ot o
metalfaﬂmmcbnduotorssmmelveafen smrfbbéisuchtﬁ @(ﬂlzm@pbdlﬁtﬁig @Assheiting, or

complt'élﬁhg %ﬁalg)’[% lF)? %lé%,\ge SélFf% erﬁl %E%Fgg%}?a Qe Frlbfagortq%(@mp% in U.S.
patentmjmcatlomanecrf Nb. mlogalmﬁmped aire 2¢ o’rﬂ%clt pressur e]c belt ween
b i ti slurr
o1} G A Pl rOE SeBRatetim: Bosthons betestikoutenen of fné
appropdte costact messm detiveen ﬂha"wa‘erﬁﬁjrwcé iaibl @glrasﬂr@(érﬁdlﬁi tfdeQ¥ slurry
ese,vari.a

meduuﬂﬁ?‘%?@\;eepé % d ﬁ\[nH r%ét %grﬁ%tyog’?etfe %?eébthe%gfuﬁag%a@%@e abrasive article,
and therfidwratiuel thevaluey neaditna diebe variphtescare dtedepéritRhe bnEMR: selected

I
caseciBHTAG REvidla (PRR! bt obiE BERIEATE) ot i o ot c

barrier ielectric materi al
[0012]) s @Nkﬁb}sr@demstfbemmmemg that deposiied aeeallBay aatilthé IbIaErler Iayer or

ot FR gl o g BN 3 - s s WO A e

because of the sub-micron dimensions of the metal features found on the wafer surface.
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3 WO 2004/ 055864 PCT/ US2003/ 037184 The renoval rate

of the deposited netal should be relatively fast to
worRevisisBed t he need for additional expensive OhET/USINIO37184

and the netal nust be conpletely renoved fromthe

The réfn%@ﬁl raié“éﬁth@@%ﬁoﬁ@d rﬁét‘éh%ulJ B@ réTEﬁ\ﬁJ,ly fRIB MinidiztMhe need for
the etched areas nust be limted discrete areas

additighpl expsapiNg (MR teHu e the Mata mlﬂfé% @mpigtelyrerered from the areas

that vRITE Wof eRhBREThE RBEH Brhihing: in ki e®R8d bredshRudt®edimited to discrete
nmodi fi cati on process nust be uniform controlled, and

areas Wil brRiBg sPatiIPug Withihthase pERRSIY ZeRAD I RRIUES erqra@ﬁ§pm+1ctlv1ty In

short] B8 ¥gétal MotifitatidhiBEESRES S BNHINANEShtANRY Candliephddiible on a
performance, scratches or defects and renoval rate of

sub- r‘?'ﬁ@“nt@t"oﬂnoaﬁcé'%@@@l]?'éﬁﬁnts of CMVP performance. These

[0013per iRtiHPOMe §TRasdLES wm.sn@wbsi@%m.@pémmuﬁse ferdtBfes or
ore 0|ng wor k |n81ﬁs: urri es. Di shin I's a nmeasure of

defeckoanthiRIAO AN 3P of NfcReted akoppasUremen R PeFigr#sed These

perfoltdélfceteadirbMehisaRap dOsdrvor the L@e%’!@h@foréé’tﬁng working slurries.
internmedi ate wafer surface as defined by t

Dishipg {52 P$3e8"s ¢f NoMemysh Me&alnriah %W%Sbﬁ%Fefﬁ%‘{fdﬁF@“ gpd pads or

wire t@écetshﬁl&ﬁlfﬂé SBn®bf thehtefrhéditte \axfer sufsdd /et ByaMaWifference in
t he bl anket copper or copper plus barrier |ayer.

neighRRiNREM 1ha CEPPelT I SRS TR BRI 6T dIoalis Pypre)aieag removal
of thePSIanketidopbém®- coppaPMas béﬂte@fﬁay@l’f eRkRlovhnak @ferk@a8e amount of

about 1000 A nute are preferred. Lower re
matefalFeOVEY R WAt e CRPHBIRI &GS St GRg ob Eaeh bt JO0D A per
mlnuté/ﬂrmﬁ?éfeﬁém lesiar r@h@vél&é&sdﬁmhra’mé ePREAIEE ah§syorh€Per minute
/ clreate incr as.eéI n the rara:{ nthacturl ﬁth
(wmipEar 687 el oG ARe thepy e Beh o e TapiEIinG(aRess N the overal
manuif@giudi @Zt‘.chﬁw(cdsﬂaﬂd/]/neTthm adgvicizediwBh wWageranghufastneas e
rates. of | ayered surfa}ce mat eri als on

[0014i SHDrE'GWHEPCF'E ing @pfl ficeeaseremgval pafgs PHiavered suiRfeBaterials on
semicdhtlidtbeSeWdes hlt %Omm&éemg?né&fsﬁﬁr\iés WIEH 6 ondhis narrow

concas IR 4o AN B EGat ThepH 4 8 Lugies LSLinSRIAHS of smiconductor

dewcéshl@ dé@ﬁﬁ@éﬁtbp@mth@fcoh’fpﬁsmum babe shﬂ:yc% Iailér t@ Be p@lldh‘él‘je% most cases, it

t cases, it necessall[I ﬁ%;g %I Ly
s neqgRedY I BFQET S ovE § BPRL BT BeRek PRUss PR Sce Yayered
surfadecotehedams lnaitém@mathatnhﬂl activa df abrsioh@emewdiahisdaered oxide. For
con oS B TR B S BER MeiBABL S el oo
coppér(‘r}_)ﬁmdiarm@OofCL{pi'busfoxaiemah fernDonlp irf egamnautralap pightly basic media. In
ow pff Sl i aleoti SRIEE JPUTT B R hriePoipupineroasing the
propesiityr fior aggressiye attask oy e axididiag mggntruntcoppemmetal. tihéigh pH slurries,

remolifiRGber ey RRintdind RSE Gy RETET rrlpyle mater achering

to themedtfart suriae hiThérefulre, slopperipadishing slvoiesdnusd pp ésrmuaged within a narrow
, i f I resulting in un-wanted

PH W'ﬁgofﬁi %nﬁﬁ{rgang%@eéé’a%eﬂﬂﬁg to the wafer surface.
[0015]'hePe|boare relatog peCMPahclsdasite $dllowinges nust be

In,a na a
R AT TR R SRR
polysulfiddsuskecatalhsts farlhlyaroag peroxide, useful in accelerating the dissolution of copper
from circuit boards. This early disclosure allowed extrapolation to removal of copper from

wafers, the basis of much of the prior art.



[0016] US4233112 (Dart Industries) in which Val ayil
and Elias disclose the use of polysulfides as

w@ ai0alssses for hydrogen peroxide, useful in  PCT/US2003/037184
accel erating the dissolution of copper fromcircuit

[OOIﬁoarF(é?novghl‘a?e §<§feﬁé‘atﬂ5n5t®| st?err &n%duﬂlﬂ@qase&érﬁé’ Rlaf i ‘f&rlhfsto‘? many

renoval éé@ from wafers, asi s of nuc

patent fEngsr MNO&M fi4 (ﬁedglddnwlos@s%acmaﬁt @mgmtmiﬁilgnes containing
mercL&QﬂJ laidogiRyY ahd b%&a@@ C\ﬁlhl@ﬁ @ét‘n@ﬁ%t#?a‘lecﬁéﬂcfel&até@ H@ﬁﬂéﬂ HSmoval rates.

een _a ocus y patent I Ngs

In W%b@?&@é@aquk&)a@mlﬁﬁtm%@,éé\/an%aweaisqatﬂesoabed gigsaesulfgeicompounds
as reﬁlbvalrrat%senﬁané.ﬁg M vxmoml?@ﬂmm \Aﬂdnglélt bi. 8§8in @B&kribed organosulfur

| ycol ates, which denonstrated accelerated copper
corroglafrgoegierpaisds compesitigng pispreentainiag eRradan siopeersroni cs) ,
[0018:j\3ln %ﬁ1 18¥95 @lstPogles H wm@ﬁi o%ﬁé&%%é 60&9%@&9&1&@& by Pasch as

enoval rate enhahci ng. Wang
corrogipn gihibitggsaionmgta eam cq-m@@ﬁ@@m NS 6 785 Qﬁﬁ}h disclosed the utility
of sinfHaF BbrRpGUNR i Poi R gedriep)S al so contai ning corrosion
st oppers [ 018] U86117795 (LSI Logic), in which
[0019dr g BE U (Mwstepdutsenationad) i vdteisArdersnn disaiishesagtable emulsions of
Y ons.
ioh 9eE05) QBghMRLIGRS i B8 BLol BT GG ARIL 07,
[00204 o b Erieiiction @”o%tlﬂ@tMmelcall%lanéwéete-ﬁeaq@]vg BJ@S@T&SQWHQ
Mlcro%hpc{)ﬂt/c%ny yﬁfﬁl@ﬁ%(’)&%l% 6frbé£5§}9 Wéﬁejo%gg HAGHE SBSw that non-
e enul si ons ecul ar’ wel
adheregt layerisfaf Qb@lcoqrtﬁu(ehZ®aaﬁe Bémdm@wwmrmudae@%uwasme sonditions. A
[ I
Pourﬂa%p%glt;rghgg Sg?é;l]ﬁgﬁ é/\glrbcthgeltﬁfé %b?lﬁg&é Ir\}/ﬁ:e \N@Icg)éggilpecr éc,lu{fldes and oxides
are stehlel uenced Corrosi on of Copper, MNeil, Jones, and
t I
[0021?' iy \;ﬁoggg\é/cg%ﬁ%%legﬁ P eIETﬁJSF%\f AR ?nun nfﬁBé\ rﬁé’&iaﬁuﬁcal
planaﬂéﬁmrt Py REOVidNg wemrtmﬂwrmsa@e&thn rogifiting gmednmt@hnedlate copper
surfaé&d @l’ étﬁjcﬁﬁ@@l Wik G830 ﬁdc&ﬂ fgﬁf%%ﬁ%n 55& td H’n%mo%lg%f modifying the
0021] It wou e e to

oxid are stable. esira
eXPoiﬁ%WRP@r intpimriaie stgaces eftreieh svafersdersamieenductor fabrication,
prefef%lby‘@fth #Abio8d béﬁs%l'lﬁ’é’dlé“cfb%plépfelﬂ&gl ﬁtéﬁ' Lhe '[l”‘iﬁ‘%fiﬂ% fbrégoing
yi ng exposed i ntermedi ate cop sur aces
family pf W@'tkmgeﬂUW&ﬁeﬂ’féNqL&‘# bg aspe@ﬁlwu@qwbteat@mr@\aw warkirgislugies that

are niBpé Refbfe ManBRirharcRly bPRIabRXP08RY. HOPORE al AR dBMaBlcfto provide
surfaces of such wafers for sem conductor fabricati on,

working sfusremhihpt are ysefpn Sircaforaritionad methodsaisbieskiéing ymihe
fabrldaﬂbﬁ%f é‘é’iS’pé#%bhﬂaﬁr?sﬁ*Murfe@rvﬁ‘egQﬂs%th iﬁé&f’@r'p‘!’ar@ﬁwt;}"@ﬁ&le@g defects.
slurries. It would be especially desirable to provid
working slurries that are nore stable than
conmer ci al |y avai lapimagworitTess INVENYOOND al so be
desirable to provide working slTurries that are useful
in the aforenentioned nethods and resulting in the

[00221'1 ab "ﬂhé%tréééﬂt RlefRRRESA smﬂpk@éﬁm t@gn&.ryt&bége%dnféﬁ%@anae surfaces of
better planarity and | ess defects. HE

th
StrUCtPWEKﬂfP@‘fP'[ SFOPNARROT frbasation, A mAihRd Qfﬁncpcgfylgggxgqaw mtermedlate
surfadtsedfétruétOredetiénd iedeni@shdublopfabREdtRh&ItiFAd ¥ @nily of working

slurries, and semiconductor wafers made according the foregoing process. The term slurry is

used because it is familiar to one skilled in the art. However, for the present invention, the slurry~

may or may not contain abrasive polishing particles or any other solid not totally dissolved.



structured wafers for sem conductor fabrication, a

nmet hod of nodi fying exposed internmedi ate surfaces of
wa@bewosissed waf ers for sem conduct or fabri catiPET/US2003/037184

utilizing such a famly of working slurries, and

Furtfmemrreoméueﬂrmslumfr@y&nmd%r&E@lﬂfud-beglrfg%rﬁpwﬂwbékﬂable of converting
termslurry is wused because it is

COppEaﬁ%qopa‘?rSﬁ% 8ne skilled in the art. However, for the

[0023)]r e SEHiY lnvm?bﬁﬁsh@ﬂﬂnmﬂrb\ﬁéosd:ci\mﬁﬂdéltloﬁ%!isl@frlemd libﬁtltcegé? FHr?*né"chemucal
olishing partjcles o olid no

mectBgicar pSHRE b PO EBoNe StrtiarskeREatE sBsh Ao vTais a

comp‘asi‘tlbh eonf@inihg 4 iL&fut-Bééﬁ doipoURBY capdble dbRVertify copper to copper
| e of convertln

sulfld?go %ﬁgplgﬁﬁrch&% F wﬁgg]teﬁfﬁ? ate SUERAES P St rg.lcg,ﬁed wa?ers suited for

semlcmmmdamtmﬁomtl on of slurries and process for the
ni.cal polishing or planarization of

h
00240 Tl SR FePST D RrRtBN prayies A WREag By Uestugm Modifying a copper

surfac® Bpasidférasuited idrefabliciion of 4l Q‘eﬁﬁc&ﬁ@bﬁdﬁ@e@l@@ﬂﬁ@%‘nﬁry being
8b|e of converting copper to copper sulfide f
compﬁgg

i nodi fying or refining internedi ate surfaces of

st ruay ur eidsu!ﬁaif-ﬁéa'lngwot‘rﬁbduﬁw cap3BR of @Bl copper to copper sulfide
fabr cat i on 00264%4n gne aspect, the invention

prov Hes 8 Wi % BP9 useful in nodifying a copper
surfece obtienalpfar oxddizihgdgésty fabrication of a

sem ¢gonduc devi ce sl ur bei ng conprised of:
a) ag)sul foﬁbori?élg\r'p?@a@&?ﬁgﬂm acf%l\% %l e of converting
coppey t@ptlmqﬂg,ra shdldtingengeh) optionally, a liquid
carrhier, oxi di zi ng agent, d)

opti naI © |on %rag%eé%%gp?gthl ng particles, e)
opt i gnal Ioptlormlly,raaﬂ)ﬁslvagngagm f) opti onal ly, a

oot 1B . oSB0h BB SRl b RS WS S e soeme
nodi fi er ybricents,i sogps,genittbe likd, ubri cants, soaps, and the
lﬁ;r: IpZ)I ?Rt#daﬂgaelséetg%% rﬁ‘g rﬁ@gunglgca n%)%ggl??tél%hf >)n%lselectlvely, and
co- sipl venptlor{a]]xm@]a -s@lvehther enbodi nent of the invention
0025, Aol R B A Bl Pl b o e
suited foefabtiegtonaff a semiqunductdr deyice cuafpeisingainpsteps oy a fir st
7oL e8] 2 R R B Bl B Bk oo o o
t he fi r st paitetneandad second material deposited over the surface of the first
material;

b) contacting the second material of the wafer with polishing pad in the presence
of the working slurry containing a sulfur-bearing compound capable of
converting copper to copper sulfide; and

c) relatively moving the wafer or polishing pad while the second material is in
contact with a polishing pad until an exposed surface of the wafer is planar
and comprises at least one area of exposed first material and one area of
exposed second material.

[0026] The invention also includes articles of manufacture that contain metal surfaces
produced from slurries of this invention.



b) contacting the second material of the wafer with

polishing pad in the presence of the working slurry
wa@omuasissyng a sul fur-beari ng conpound capabl e PET/US2003/037184

converting copper to copper sulfide; and c) relatively

nmovi ng the WaiETAIREDESCGRIPTION &F THE IMVEREIGReCONd
material is in contact wth a polishing pad until an

exposed surface of the wafer is planar and conprises

[0027qt |T¢|@ eé@ﬁﬁm@érﬁﬁbn%a&?é@Q@ﬁ@o&tldrﬁtus@ﬂﬂ R iréth ol 8f &dHper and its
exposed. second

The invention
alloy S G SRS UG B 1105F SoB 1 WalRUBESAIPE. AR Pag oF i Avention s the

use dﬁEéldbOﬁﬁdbilﬁ@%S’ln thY SrebeRcbfiohermicdl Methdficad Pldnatigation for manufacturing
i nvention WD 2004/ 055864 PCT/ US2003/ 037184

semigeBguft E"EﬁsafBESCFel PTI ON OF THE | NVENTI ON [ 0027] The

[0028)" e@ﬂﬂﬁ suurmés Bt ﬂheweﬁa@mg@ &QFHe\,ﬂe‘Hzéd Asigrificintibart BY containing a
r enoval k%Joq;er and its alloys from surfaces such

SUUL G SemAR T CAPaRRT & oM IEBNELEAPPRHO RPRS) syifide. Y ithogbeing bound

by thédty afik |b@l‘b\lea thdt€he SGiRI-BEasRy SbnfdURES EddaRSof d&n&aﬁng copper to
ro ess of m cal Mechanical Pl anarization

copp J\dsé@u.m a"%ﬁﬁ ©BREUEMSValialedR &ne Jastear af@ﬁrﬁo effectively promote
coppéH (Yror bsﬁpe@q‘u) thiedé Riyenthhos salbsénglﬂryéébfr@iddzfﬁﬂn tHe surface of the

electrea%vfﬁéa ?@'0@ g% %@‘ﬂt{,@%a{wna on@gﬁwasf gg)rﬁlggr%/ertmg copper to
coppéruilufﬂddfb(fj tr}\;r’ﬂhih?@utonb@e Blljgarbctgmbd Wprbcﬂl&ﬂig\/an inkoluBle copper—sulflde
i eve a e sul fyr-bearin oun S C
comBISH WL TR 5 Progeei 5 PR P OB TR A Hesticon
dewcsopper renmoval rate in the desired r ange to
ctive not e e r .co sul fide

10029, EfppsionsEer i ety it SRk oA (amPRt susats of
convérhtﬁgf ccﬁipgﬁtd cOpper slefideCand dptioadllidni e@?eoﬂidﬁ @rgatn_lc or mixed aqueous-

su -bearin oun e .of convert.ing. copper..
orgarie it gaStet i Pra B AN Sgert Tt ot drarSene Palish R utes,
optiormlly probelating ggent, dptivnhliya Bufcampgagemub;ﬁﬂoﬁeuy & pagyivXing agent,

or. co

optlo%ﬂﬂy 8”??1%3'?}30‘19?8?5"&}’5%8?& '88?{ graegﬂtlggalgl[vgqrﬁtg%eggents op{1 ionally
lubricRiatspagiohalyrsvap$, dritithé keent i on contain a sul fur-bearing
nscpbeo convertfing. copper .to er .
10036] 0 RS HEE GG dRR0YE saluri it (e B ioh R S Regring compounds
capatﬂé{ ueamf/ertmg @aﬁptm tb Ic?lpbéﬂ sfllﬂdé a@pewﬁulamaiffeyn@nn various CMP slurries
zi ng agen i ona i nor anlc
to ool Eeie et aibionpenalal nirs Jaiet khars a3l dgtips foynd in
electrbu‘bfdemt:dlétlg Iagﬁﬂ}c,ula@rﬁlmrﬁéabﬂ twsan\mﬁm yaHtainigg agMithearing compounds
tional Ly surfactants t.i onal

capatf b CGptha S S Pek SOl Siskset or Wi Birigta) ot popper on
integr‘etddrdircaitﬁa.;chmsttlhailmd)dw:eddJ'alDSmasmadetst‘ractUrése [ 0030] As

i ScUss bove, solutlons the invention containin
100313, > FHE S BRI oot S Conele TGN A e A [ PPoBpe are
vehicle® t€ agliver suful fo t@le cab@errwI‘fhd:é:&thoﬁédmﬁﬁfeﬁﬁlﬁﬁhl&feactﬁbves this purpose
falls wﬁm t%e scope ofgi}'le mventlon Some examples to better describe the invention but in no

way limit the invention are mono and dithiocarbamates, thioacids, ash and ashless
dithiophosphates as while as a variety of other sulfur bearing phosphorous materials, inorganic
sulfides, organic sulfides and organometallic sulfides. The tem sulfide embraces the class of

sulfides and can be a mono, di,or polysulfide.



to effectively renove copper and copper alloy |ayers,

barrier layers and dielectrics found in electronic
WwWolewiossse4 | n particular, slurries of this invePtT/082003/037184

cont ai ni ng sul fur-bearing conpounds capabl e of

[0032f ONPRFérabY, CRIPPAIiIrES oﬁtﬁ&ﬁﬁ\ienﬁbhh berskralir onyHRE Wk b8 ol Wiuble or
renoval o d circui t such as that

r on |nte
partialht gjgijidsion wlwﬁggcé\n@r@tyrqﬁ G of peliifideppaay be nirodiiced as:
sulfur beari ng conpounds;ggpgpyazof converting copper
vehicles to del.iver sulfur to

er sulfide ar
wherdh B! SbRe AN IRR SR 1o NG CL PR o BHir s

[oossghl $he ufg%arcq—nmfa@éd Haynchige hya\ecaﬁ@@@omnétmau JHUGHY 4R -as
one exanples to better descripe tn?g(lnv ntlon but in

hydrogen, apies, hisirexylnearbexyb helogan, Sulonyh AKVA Agyl, alkaryl or combinations
thereé*' 'irmré)é?ﬁ'é %Bﬁ’érﬁéﬁgroﬁbé ﬁ“@?'nﬁbﬁjdemmiﬁ leam’ﬂal 857t metal salts or or

|t|ohospates as e_as a varie e 1tJtFer sul
amma§ip sS4 ShinAtiens theerakr B Eank; g‘%ﬁfﬁsl:' idg Flabﬂ%@gex'” the
abov@étﬂ}%fﬂr@ rﬁé*} q‘/arpl aomRRfo &F BRABMBLAIThe preferrdd gwigsuliibiags t er n
i de enbraces the class of sulfides and can be a

hydfoﬁ%‘M'BO'yalﬂ' I3 pol ysul fide. 7 WD 2004/ 055864
[0034rCTfI' KS3G8#/1Jear ﬂg%omb&ﬁﬁg]caﬁ’é&é er @ihlvé#rtln@%’pﬁér% écbp%fer giilfide may be

his invention generally comp eas one sol ubl e
suitaby prepitin amide eANCENY3tes T8R9g T ryie@w de SLA Q??réﬁgf%pounds
capamlé éwofnvé!@m@ bo%ﬂir)f@ uééped §§lf1di€i&or’@§nﬂréiﬁoh0§1 HR@Haiasd at3uSh SX

are end an organi ¢
concqnﬁavwﬁpéffﬁqws{m %ﬂﬁia'rgﬁhslﬁﬁ 'Ve[%ﬁ ]at%?e %'FS%\HP%C iration for copper
sulﬂdé@fcﬁﬁdtl@ﬁ aﬁa)ass@tqh w&mmddsro@fah@e&mo\@e coppsit Pﬂéﬁ@rbblgrmw%&lfur-

beanqgaqzwndg\égqeg]%egf 003{7‘%@‘?5’ c%q o%{:?/qu §,L||Ef’rr cger cc}/mrjosmons have a
conce@n&ﬁi‘ltbrgr&hgi@ Ealm Aot e;ufkncl)% () ag@nngo%umlte pwre.aératgy fropsaboay0.5% to
i u ali o in met a ts or or
about Jhip G e PrErbyEh AP B B AR RaSE 0he  ank of
[0035ﬂ he Ir'IO&ddi‘tifd#mI th ltlﬁf@suliuh-@?m @ﬂﬁpo&?usﬁﬁéd&ble @&’?@M@rtmg copper to copper
var rom.zero to twe our
sulfo i EMP-UbIAY SPTIAAT SITRYRRBST Y PROTGS GpRissdetioval

[0036ﬂ Oogﬁﬂtabﬂé‘ EhSHIchUWxidPaRg hikhts GruRey ﬂﬁ@u&@ﬁﬁ%@erﬂéeromde cupric
nverti ng copper . to comgrfr sul fid

ui t abl
chiorisa eTaty o SRS OB 21 e ST B Blog ARSI
femcﬁhtofeumrnewd %t&@napma!@ arﬁﬁl@ﬂiﬂhﬁn@l&b@&é‘{)@fatsbm@ u@@ﬂ@er

per . su e conc s mai nt ai ned at
ok AR SR g e CCES e e T ERlPESe S b Yerrioyanice,
ammdéritirh fstac BDTIADBmARSIUNE fereoEie B} fefid dtfaté mm@oRipeIferric oxalate and
sul fi dg ‘pr notion and assist in precipitation of the
combingieRsd e<?8gper Preferably, the sul fur- bearing

[0037@orrnﬁg BegcchBBadH 6f thé oﬁiﬂﬁmgra‘géﬁign cleppRed mtmme:range from about
e conpositio

0.01 g8k byyweigh @gqf@"agg{(gﬂ?t\j/_)e % bmg@ﬁb&@ Emir%;&?r? B%Odee is used as
the oﬁ&l@iHQ ag et ISQyplaQ@LﬁreQ&l%nadlﬁe(y cﬁkbh% gél@ticfh eﬂ(rjagcfoﬁhbaﬁfaﬂon (weight

0 [
perceprgeb T IneB299 HETCURUbARAS ' ABANN %6 Prabirohy i gBout 0.5% to
aboutCOPRendinfost prfetablySrant alstkut 11008to3usS. OP/J y rmy contain
[0038?ln %e %MZI£ slgrr Srq talsto%oﬁ{aln ac}dltlves gﬁ)&r as a polls%mg patrticles, a primary

and secondary buffer, chelating agents, passivating agents, surfactants, emulsifying agents,



[ 0036] Suitable chem cal oxidizing agents, if used,
i ncl ude hydrogen peroxide, cupric chloride;
weengoifset es of ammoni um sodi um and pot assi UnPCT/E82008/037184
chloride; potassium ferricyanide; nitric acid,
viscopitit medifiens) wettingtagentaniuibridants, ﬁﬁépﬁbd@b@aﬁ@t@ﬁdrgﬁﬁlc co-solvent and the
like. i odate, hydroxyl am ne, diethyl hydroxyl am ne, OXONE,
transition netal conpl exes such as ferricyanide,

[003Y nroTtieLoptibealhofis HERT AerticlesTmay bmlﬁcﬁt@ém@ oﬁd;rbéﬁl& QbrasRE PaRicles. These
um f rr|c oxahﬁte and conbi nati ons

abraqe o B D PoTRE T b FEIEES LI BHOUR reveb djs GRPEetal andor the

dielectfje rﬁxan'rpleﬁeof@nckz p@rgsmicasaritiatéinaadé: 0, it Ce@p_ Qﬂrc&rﬂa calcium
2 to 40% b ere

canoqiic. QYN s oefYi Soa s ang ULy Ty odeRsnara size o

thessd lsorgylplbcpahlcwlatezmntd benesgthan tbouts! GO Aﬂgsﬂtﬁrﬁ@t préferably less than
| wei e in e range
abo PARPERL B O e Srer ST aRgb b Lk ende
[004(11 5 Rréferahl the wa'rkﬁrf@sarrd/ dop&iingIess ®eahby, W@@igﬁdola#&erably less than
1% b {%ﬁ nibout 5. 0% E?Oig ng CVP slurry can a
6 by eidht And MRS poterad P56 VRIS Tpidanie padculates.
[0041@r | mthyugresistasies patialey nityfeeidde§ ReINBIGNIO sRAGNERP processes utilizing
enul si fying agents

ss i vatin ent surfactants,
threeIgISAh PEIS5E Faie R (REICRR 64 14 83 AbAsYE Sl pad wil proferably
prowdmirbr uisstantiathe ibriasige-A@e Rlusry. | ubr i Cagt Sh Solapi an[ 0039]
rg c_or jnorgani c co-solvent and the i ke.
10042}, Rfispovsh, e BoiaRiIg 9fevafes 1 Eisdavamign Bieyiimioigans Rolishing particles,
eitherdn mlarr;abrr tasiimenpérd bt ile@do thERHShingBa&SI Ve
l%f %be used to increase the renoval rate
[00438 ;92?“' antioABMbRIse Fentainiadiulieting agentx Bufiere snay be added
to theQﬁoerg boly@@ﬁ@@ﬁbﬁy RA&dsist iH sH BSnthdICAY ﬂ?ent&ﬁé??abo% 208 pH can have a
nia, calcium carbonate, cerium sal

S'gn'f'ga'i%?éfﬁct & P ilusé o6 CPPesiTUAIPOY HifetopPREreALigts. The most
prefeﬂﬁ@:’ bufrea® eenftibletiiBSR mictddast, ‘boE‘la(.“:MPcdl’éa%rl%sne%iaQ Uk Yell as

naving eghyeSd peiGH @%%ﬁﬁggﬁaﬁgﬁ RS écfc&t?c&vgﬁgﬁ mesipreferred buffers

could bbaﬂleBbmub sﬂE@tW}Q—iﬁtdr@%ron{ &Q&i@}o mERirRUARItY badiB8Mono, di and
ains | ess than 10%

polypy\? %]aglggmsiyua{ gé§ B?gﬂﬁﬁr ang vp%eg))‘u réﬁp ally ge-[p\gqﬁgnahced with bases such as

ammcpmuﬂﬁ aydibkide! Assndrinan sBitSobthy awiBd GletprefRaed B0t Gther alkali and alkaline
| t ho articles my

carn R G165 08 SN 2 S RALLSLER Bt

carboxyic @eidd iinotues), makambbambn@cmbkylnelae@s n@%ah@xﬁ/lid(&ﬁdst t:h carboxyllc
r ovi d

n abrasive r ef er abl
acids, g n?ﬁr%?’fyPC aﬁaﬁf gf&%ﬁa 88“’f§1” %?mqoeaqu/wcwﬂ? é‘eR/@fample malonic
acid, ¢xaéic pcitl @ﬂmcragldofamaé acid, suacihleiaid, méﬂwbblﬁnadmh‘ akiay 8dité@hereof, and

mlxturgg th%?%c%fz ntNltg%eg b CI{II%SF?{%E%B? @’Iﬂl’c B)ij 8(9 ﬁ?/flqéll@es aspartic
acid, gwemq/acmﬂ histidmei lysieat argininenyrnithiae, dyereir&l tyrésind)Bhe thM@sine, Bis(2-
hydro%%ﬁ{'y' lmlﬁ&fr &‘1&? e‘{ﬂgl)r%gtggg? frlﬁ(l‘yaro&(ésrmeﬁgraqm&gmethane N-(2-
Acetamnsi@ﬁ-ﬁﬂhﬁﬁ@dmevceamd HS-Bisltrsgydhaxymethyl)sieghyidninsiptopahé ect
triethaﬁglﬁy\/ﬂ% r/\f‘gﬁ&&ny%é%g@gﬁ’rﬁ&wgFy‘éfnfe,a 9\?,N-g‘lg&—rt\y%?oxglgﬁl%élycine and
glycine. Ammonium hydrogen phosphate may also be used in the slurry of the invention.



preferred buffers are conpatible with sem conductor,
post - CMP cl eani ng needs as well as having reduced

w@oioensised | npurities such as al kali metals. [PCT/US2003/037184
addition, the nost preferred buffers could be

[00441d] lJEHeq:ﬂ-l tamgsmeay VaRefrer abaiietof A5t % ipdferabf from about 3 to 12 and
basic. Mono, di and polyprotic acids

mostﬁﬁ%erggﬁ/l{‘%n BB?LE 4@ Mand when fully or partially
[0045]e- mﬂtmﬁﬁdhlﬂﬂlﬂ\/{énﬁﬂﬁﬁéy §H6Qoﬁ§ns@é‘€9§}ie‘ﬂ@€@l¥%§ﬁde@f Copper

AITE'D LFI1 Its of the acids are Pre erred but o
remolifltiom {heyEpel sisfReR 12y beianHaneadwilhslae s 6f a epvaplexing or chelating
agenﬂﬁﬁlﬁ@@)ﬂﬂ Slulg bﬁﬁe RN, Uﬁ%%xm%‘ﬁ@ﬁ ane st@%lhﬁ’& SPEBPPLISS enhanced

| t b I I
by th%ﬁgﬂﬁ 1‘S %B?‘Fg car OX t?ﬂlﬂ(édg %g(e;e_rl(gcgﬁﬁé@;e ,tkteo%&qbﬂgy of dissolved

coppérrmetGIBdSHQmmtérl éXideddh dfe or@é}ﬂc BPhyreoas RR¥IM.C aci ds.
nmpounds i nclude, for exanple,

efe red ontal ni n
[004@3 ning Sslusries q’éh%ereaentdn\{epp@ dhe @pmmlgxmglageﬁt is always

prese&ﬁatda ccﬁ‘ld:‘éﬁtréﬁcﬁ fAshh Bbolf®l 0100 B0y WEIGRI. BuRRd the p?é“atréatlon of
reof, and xtures thereof. N trogen contai ni
°°pp%ro§’ﬁ

Rirfgeed RamPiexpIBgeRis ACHR Or SRty aficilriadminpsiacatip &leﬁoe’thyl

phosyﬂ@nﬁh ad, @?@ﬁﬁtﬁ(n@é&hﬂenéﬁh@épk@hf&%md)M%y@?oxy@tthid%th |- d| phosphonlc
i ne, and carnosi ne, Bi s

nj.t.hi.ne
STy e o
of theTohiekihy dyenty ﬁmﬁb;sl&qmwawmg@ &6@1 0.061%t0 about 50% by weight, preferably

rom 5% GRED TP Ry AGH M) REEFARIERPRAPpIcAbNG 10% by weight
[0047!] ri #hé amwyammgmvéhtuoﬁrm@( Ayl b&ﬁi{ﬁgétehb!és)s%ﬁrlib’ b%rﬁl’ Gid&orrosion

et h CI ne and 9 yci ne. Anmoni'um
'“h'b“ﬂf)d RN %@6?&5 H%%? d5295013 SEQVATKNONE T cgppgr. fopper s
knowt teebe Sbt_l}ﬂte/hairpasﬁvék&l B@@%r@@é&?ﬁ r%@g%éﬁ?@@%{eg@% %ﬁﬂmldli/ alkaline pH.
The abﬁg% LA Bl AGRTG R 1 WS iy MaygEetepakeas @l gopper surface

not yelt rroa:nmm whith4hd abréélve bARKESonT prRnsdtute! ¥xcbsitdtetnoval by the oxidizing
er - chel at I ng agent

agent, g Ak it et Bt Mo iiaicg SGTR rercinain b1 emmant betel
surfaosi mmetueet-umménmoammuay U mhubndsrelf@tdopger &6 %l{fltriaﬁole
mercagutI gl\f@agﬁlrer %ﬁaq‘ogev%%tgﬁ% garlv %nqq%?ﬁ]dqfvatwes.

[0048F onPhe ambgni@é}&i’tyﬁe bhﬁssh@tﬂ'@ égfénﬁ\ﬂm %Feﬁ@m' gt &t Qﬁeedésg}%d
or_copper oxi des

e R A et S e i
the wanblnblsmgryS(WBrght ﬁérc@rﬁtagé)&s RIEA e rah§Y 8B8fWeBA abbt¥®.025% and about

0.20% BBl IR RcyT OB R ARG B A n TR rererably between about
0.050%p| samdicationt0.110%. of copper, the preferred conpl exing
[0049Egefﬁ$]%lgﬁ'k€;f th%érix‘v‘}gb(twim%& agg:ctaFnlpcr:lse {llrs%onsﬁg Im%%ﬁ’ltelrscto achieve a desired
wscocaymﬁaimcrut (Smhﬂpdlaﬁlterﬂmammdfﬁrmp@% dExampIes of VISCOSIty modifiers include
i de on aci
Potvo Rl oM O bie i oty e BROH - depdrich. Those
skilledalm megérywlllrwﬁrMe tren serfdot it (Mscos}fy lﬁ%tﬁf(l)ég? ab/@?th%g Iénovxt/n additives
ih the .slurry my ran ram oto. abou
may o856 o fp yiFi, Pk PR By B2 G 6 9, calsb abPieate by
[0050mei tﬁu slang omsﬁn\pnﬁcﬁremm.mné 2N aldd donpriae latstééb%g}%mpound that
f[ROM lrll o this invention may al so
lnhlblt%ﬂ%o i ng FQ} ?lpﬂ ?porgon ofghe gangis layers of a multi-layer
inhibitor). Corrosion i nh| bitors or passivating agents

are well known for copper. Copper is
10



known to be sonewhat passivated by cuprous oxide,
especially at neutral or mldly alkaline pH The
wadwiossed of passivating agent to the working BCT/DE3003/037184
may protect areas of a copper surface not yet in
substiratat Suitabld $thpihg cahpasids adsdrb ite e firstonatalrgyer! e €econd layer, and/or

BT T i e
of thet Tayee(spbi e slmnabf thes priebertténveitien. Wéf’erdﬂwm slﬁkﬁblﬁ@é&mpound at least

f | t
o SR b B8 el TSIy Patutt b2y
inhibithd mis wakd hetem(mneams that the sl sterdaras eapdlisising selb&ﬂfﬁﬁbf {hB&irst metal

ver SRR o 85 0P 1 P B S5 oy o
least aholai 505y rahd oeost pmferhblaadlepktaabaui 100 1. The spppfngrooftbound can be

any ERAE AN chloed ModL ) DBbYEabP A Bbeo o spgrovs o
comparadsatayoiprisirg) &0itkes, pmake,r abiblys, hretdaeqrol;&hmsﬁh@ecﬁﬁ@t% @béures thereof.

L M R
contajnirgg mmmw@ﬁpebs@d\fnos"cfbs Igrgupm‘id:ofnpeumdstamnmrhlng\mlﬂes imines,
amld&eﬁhlﬁgg po n?%g%etr ofoefnno?m&ﬂfressthgfe%? 'vﬁ% ?S i st E@Hiaénpound is not

cent IpOIS VI SCOSI Iers
a sulf%c%&lmwmmum er 4rr @mletmrmpt@dr [Siatienieaily dBargeda@sTskd herein

| by,
e Y 10755 GRS T A W o
of thergygiem efithe @rﬁgseot inegntiRn.oRreferdet] stoprigg comgourels azda@emte bppositely
chargEB ?roﬁptrh@sﬂﬁ’a H{d'r% @fﬁingﬁﬁétéﬂﬁ: Iés‘?é}%%t%jn&% ﬁe?)gﬁéhegm ar
pl1cation. ? e slurr
[0051&ontT A siungy afdhe iavention mﬁyrqostalravaﬁoup pDsglventtp assist it salubilizing
sulfurl B@%hh{: anr?bgfm%ﬁ!gb%@éf r?géorfvpﬁmg%ﬁbgépté QoRdr EEIF%%LP'@G %vent may be
entlrewe}zt@mv YHIERB ArgROT/desR0iy ammaa compbstmrad)fehe Suifur-dlebeng
comp§&r‘éﬂ§2dea'ggﬁ %?get\{é%ga%?gélqotcgﬁﬁé}%u fl'dESiVI )E{Ed%glof {N"é%l? ahd an
appropggterosgaytic éolmntmayl aigpere wagdgvithin ﬂaeanobaaof thewwention. Suitable
organﬁasrd'l\}e"i’\lté MCILIQ@ itHianbh §tHaRBP; \éQ#mRQﬁcﬂ, t@ﬁgﬁ@%ﬁh&ﬁ %l%tﬁ)}i%%lfomde

Sl ur resent I nvent

r
acetoelfftbfbﬁ{ 'ﬁgthb'&fﬁ@mlfée armetagpyrroligir2-0n¢ Byong hth@r& s the
[0052] e”‘f’rﬂégléx?& ot; P\t% lﬁﬁmgﬁﬂag%‘éﬁttam/vatrﬂaﬁs ang sLim%gﬁg r% ZL;”
[0053] hathe n@rry%tmmoacmbe séedigors @beudtt 109C ty alndut 7HRC, more

') S 0
preferzbly Hor Bl 15 Y JronE A LN oo by 2R byl i togout sovc.
[0054] ea§he amsoed BDprésertricvembisn forreddifyiiy g/sarlfadeera‘ﬁ waleogtiited for

0 ny suitable

fabnc%@c?} 8#11 (S:%'FFCOEB%%& g%’ i %ﬁ?@%ﬂé&% g@%ts %aél%ﬁi ﬁ'g conmpound

sel et edprqvwlmg h@va@rcnmplmismgwﬁqsbumbnat baying s smgface etched to
am nes, iy ' [T her
it ar es e Bt o soBhe ol BB NRH TR purBRS of the s
i ncl ude, Maggriadixanpl e, cationically charged nitrogen-
ggﬂgﬁbﬂhg&g%& ?Igtlg‘%e%oﬁﬁln‘r:a%rfaﬁi of h8 Watfg}%&rsgﬂg/ &ftlpﬁ Ipygntion used in
pol yner scerhidration Wlfbﬁd)dﬁh(mmpc‘eis thmsu@btqmpﬂm@a plutdlity of loose
StOPPI NG3ERORAAicleS dRBbrsed iPilkls Iy camgal ning compound
or an azol e conpound ti1oni cal e arged as used
herei n

i

11



nmeans that a fraction (e.g., > 1 % of the stopping

conpound is protonated at the operating pH of the
wayBnessed the present invention. Preferred ste@pUszm03/037184

conmpounds al so are oppositely charged fromthe

surface chlatigsy ofovinh¢henwaiel White fhayselimtdiatpolishin®bad 8relf contact

ol i shed. .[0051] The slurr f the invention ma
Eont ain vvghotgﬁfl(%%spgéluq%?ﬁ gftt@e &'@Eﬁré‘f'mi“ﬁe a5 Ff'%/'"z"'lr @gd comprises
sul f ur - besditdasfornoapa bhegosag &zt MadriaC iy Gid 4ré of 8RIREd second
to copper  sul. li de. The solvent nay be entirely water
or entirely organi c dependi ng upon the conposition of
[0055] he Thel hetholémpieferablgalireotedds neaifgipgantefmedaes irfa88s of a

t 0 r sulfide.. Mxtures, of ter and an .
souck P OB et Gt A e LR S lgmecit
mate;iaianlrsadhpeioofbatdi? Iéyw?pbiielcmthg&dvbatﬂdﬁn? QUi BtSTAIURI taterials or
. 0 t hanol ,...i sopr ol , . . .

achet 9 ErRIALE 1R uos BN s TR HE mrurign; tppipe niice. Otner
suitalle e trhgdiaterraatiedels an-adbedigh/pyrries layadrningluds enétBRNGitrides, and
- .ot h . T I f,the inventjon may contain
iR 958 el 05 et L e oy b PR £ hoves
areas, andvidsoas o@fl daseotberaaiructunes tiad utakd QG 4 corapletsd sédficonductor

. f v ut _15C.t o _abaou 0 nd npst. .
et fs oS A B kRl RO o053 BB, sver.
alumipgmh Bhgstenp ceratt or allogs theveoff Ghe postichy mathoal is pafteoRIrgfadapted to

Y it f [ ' of . a sem conduct or
mod ! S0t o BB LBy R SRS i aoou
0.1 olyyorpsn.i I5igsgeeal faretsrredaliededtrt nzderialgwill isavefdislecteit cbastahts less than
abouf®rm a pattern and a second material deposited over

the surface of the first material; b. contacting the
[0056§ e cloritisraspect, tie workingeslwaf @mtainibd ssifurbeyring cdrsounds capable of

i ' i o ' Ay ith a polishing pad, .
conveyFTRREN S8 P b ' B s B gseroes
aboveparticl es dispersed in the slurry; and 11 WD

00A4/.0 3/ 037184 ¢. relatively noving the _
0057 FSCANREBO R RO A0 B o I TR Bt B
the garenalaenge fbmhakidue Oeixipabedt 25 péiapefabblyhmdenines rangeiffom about 0.2
t rpses . at .l east e .area
o byt Sh P bR TN S9IRL gl ' BBL B ¥t
polishiecioatimagrdegotaied afgosBDbvat egamsthezthiathgrrie beadirgblay fashion, spiral
tashichl ed.: i fvi j edi_ate. surfaces of a .
s S S TS b G LRy i motion
fashiogi Ehe waferdhaidarenrithe bade mapalsorseillatdoratierataystels aalby aransmitting
ltras GRS &9 I | ed [ I S0 I

ivos SR AR 2N BRI, o W v o e
wafer jop Pethsthe elishieg padead tivg wafer aré wigtet aelativaitn thetothates well as
being hdvaRiWBLAY blohd§ ' 38 DER RE Gotati i

"9 Rt er i al sm(,)r oaghglgﬁ;bn né?'r%itaef?ﬁ%glgfeérrs%lgﬁgﬁu eer{giaé'PQ?I motion or
speedrpftrpiaiien bebyren thpIwatercrisl pofisbindesidgnay b betvieenetdrpm td110,000
rpm. FrBferfdd StatibRbESdedls FitGhH5d B LES DS A5 SRR en QBQS%qg 1,000 rpm,
and more preferably between 10 rpm to 250 rpm and most preferably between 10 rpm to 60
rpm. Preferred rotational speeds for the wafer are between 2 rpm to 1,000 rpm, more
preferably between 5 rpm to 500 rpm, and still more preferred between 10 rom to 100 rpm.
[0058] The CMP slurries of the invention may be used without the inorganic polishing
particles mixed in the aqueous medium. Rather, a fixed abrasive pad whereby a fixed three-
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areas, and vias, as well as other structures that nake
up a conpl eted sem conductor device. The second
woredoensmb4 i s typically a conductive material sSPCBUSH®O3/037184
fromtitanium silver, alumnum tungsten, copper, or
dumeakubnalsaurh\ﬁvepé%l h?’hﬂg numafjuS anzhgios par?elcg@feb(te?'idirﬁiﬂhyoughout at least
nodi n ctive surfac 0 erials
2 o3 oh ¢ MiSineBrvr ied Sydtolet (aeiing soma el herkaramduing
planéﬁlziatlmin menesladdgeneréﬁra3|m ﬁéﬂhreectaﬂbﬁlbeﬂbérfémﬁmg &l PlaBarization
nstants |ess t

functfgn s P4, PSSV B B ST b3 PP fiteas APy EghebimRn gartcies e
and dispdrsed meabindgr.conpounds capabl e of converting copper

0 sul.fide and opti the ani c
[00593 arf fljseéqu abégs%eegglﬁhﬁﬁdme gv on ?@@Q]m D isgRaintained between
the fiked weesivelmdvaidethe am?ertdmn po leklsdiué’cli%mde OF tHe Bafdp %edlanar and

S n_the general, ran out 1.to
compsER 3 <5} Bre.piaf 4 fforhe JSHOHE of O RRTS st 550 3t st one area
of expdsmd firébomdieleatnid rm:tstlalpaled theaddppséd afrear dr@adiictve raiersl and the

oxpnded SRyt S SR o L BB Sty

coverfedsth/l ang orsmDreahterrfnadllata)matemaIBos‘udhrasfa]T aoHesomedr, barrier layer.

e Sl A3R50 B ES Eh Sofl Pod R Brpat

mateoaloaﬂelr a¢reowl ofitbe akeasssnmbuets/ebyafenalnstmeirrtatrwgly, removal of the

he hol.d
metaPIagéﬂfﬁgyn Ie%p Iebcgn acg% Hﬂ%e&gt%ng?d@%gmg{%]ag}%og mued
modlfmatlbntntm/ tb!@hmhosagorpﬁm sunthce loé thealvafier theadieletiicanaterial and the
metafl‘ék&t ive to the other as well as being noved linearly

ng relative centers of the wafer and pad. The
[0060] ot Bhe ebrakivephd asedwith theeshdried ofrthis atvieatiorb@byee irtligr in shape, e.g.,

. t 10,
o ne B AL AR T RS, Bl 42 30, 90Rran
smoofpere ditdyaativebm mby bescaltoped., Ti0abrpsive arivle nmayr siso be in the form of an

oval 8 51 8RS A6 B bR TER g o
Alternabt/@ly itoe fikedsgiwasiee part map be watherforar ef letitardm 2 fopmot a roll, typically

referrérd gplg tﬁr??]\/llﬂ@cfl@hmg r%fugfrgg%¥Plg§|(/¥\'? rgll 5%6%9@&5&5“ s may be

meen rpn1to
mdex?d)d%]g fhhén@ﬂaamrupnop@&s dhe ebasiveaeivte may bepetieratesied provide

openlﬁ\%é ﬁ’l%ﬂd;htthg abrrégfﬁlg %Bétﬁlgp%d/o?l?ﬁ@gackﬂﬁrt & ts"chrerl ﬁéggade of the slurry

eous ne ras ve
medlwméef@tgx daring geafter isee 12 WO 2004/ 055864

[006lﬁcr+llr§%%% 9 gzejsgére b% v{;@?ﬁhg '33 &?t?cle ?’Fﬂ[') @%f&ﬂglﬂd‘ ncgt(l e., the

rous  ab s %8P
contattgeiessure) Ipmptcatb)nle& thansabbhh aﬂ@mmés pessqzussmlmslm Gsilt br@ferably less

' a arl zation
ran SEIPYS08, S e AP e, U Bl PRS2 A
condifipmsfwgihin ﬁglmh@zq@lbanmcezamawbe %a@cFolimméﬁﬂrWNéSSIng segment

. i It
may C"E"E{ﬁ% ég"ﬁg @}” irlﬁ A | Xe%qmﬁ g%géor% erpré%g&@,nﬁ s%g%emj el?otahon and
translatipmebapgeds rhihe waf&rmdéqgrﬂa@,abresm@pacé aliso gnayetenadied during the
planaf@ﬁl,Bﬁg}oégg notion i s maintai ned between

[0062] Recessed portions of the abrasive pad may act as channels to help distribute the
working slurry over the entire wafer surface. The recessed portions may also act as channels to

help remove the worn abrasive metallic sulfide particles and other debris from the wafer and
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the fixed abrasive pad and the wafer until an exposed
surface of the wafer is planar and conprises at | east

wop@iassed of exposed second or conductive nat ePCHUSHNG037184
at | east one area of exposed first or dielectric

abragied articlelintedaet. tThe resqysse gorioramal afomiernt tl‘{é pRehefmkAbn known in
mat eri a

the o330 HESHS Hir. Ak LertFlederta bifior Bk pefame Bived against the
wafebswfme or nore internediate materials such as an
ually, the ex

barri er ose

10063} o PRt rmaEt A eliaion RO B Wi P S A oe deb Bracmf he
objedt Bélﬂg PelsHRtend R betossittheadurfate bﬁﬁ@‘p@hsrﬂhgt Kﬁ@ll ¥R Essed in U.S. Pat.
e SO Yo e el e
methods eaybdiaabptettdrarsk a the@@éenﬂ Im@entiofD dlafneﬁ@{sl cg fﬂflélmw;er planarlzatlon

xpos, t he surfac eleecrlc
procas VLAY ST 3 soBous Syl S REeR o1 enas Padvaefaldn
conJLmsHm‘] with & shurg n&lyusrlso iesembloyéd By substititing & baR\or Eﬂl of textured, three-

in sh an abrasive

d'me%ﬁ %r?:aLlI a%&"’S JERP 8%5‘39%509‘%‘?*&."8é'“éerOéEn'%WV%'HPas. ve disc
[0064r eThdé efrbeﬁtbcbfyhe WOMPIgHs! Ty, ofahd ﬁhﬁé\ﬁtoh\éfpbh’ed t3ade G@fer surface is

asive artlcle b
prefefaih GARTars 10 B0 47 i 1mPVal ) iR Gb AP s YR B ene surface. I
most icasel) ghdrals, suﬁflﬂzmt elurry omang woeking ﬁtmly birtAe ||r1vl§ﬁt|on It WI|| also be

apordit 6 BB a0 e Penta® ERRIcAL TR waCEp I pghpera) 1Ty be prosent a
the plaefrzatied irtterface it hedit@vPtopbé sisiry bgthimdveﬁtnby ARisIBEGH @y may be
e AR S8L LRIV B0 SR eSS Bing oo
typicailg réngestech almoqb n g\m 8,000 apllitersgsintifer tnegirr]labltl &0 &D6eGE} m‘;dlﬂlters/minute,

n rm e passage o
and rfHE wdhe B Belog  Sref Lo I B BRI of "uce [ 0061,
[0065]h eThmbwfé@admusproema’ebmhy\ee evaiDated by &BoWE nidtiidds! ©ne preferred
oG TR ARl e 5 AR B BRR hh et roustmess
and nigsindlicatersefaéchebloy othes surfddeatefentso The h&f&r%rfadfﬁ)ilsepreferably modified to
vila B B G085 ol B 31st R A0 o Rt iR ore Pistpp Bt Bster than

abouh‘d}@ Avegsiremd, ariékﬁveexmrplpeefe-bfyl rroegreqateothes ebngt Eedmysfroms.
e a hi her i nte ag?{ suret

oG]y TR el B8 st LR Faprehb Slee v “9a e isePatiafT Efigatheretore a
relatively hiple revad et rm of rmetat hgerabdlasifede Wigtdthel P BRiyry e the invention

doso BB P B BT R R B2 it

preferablyrat éd st EQDGMgstrdn’tstp’er niriuge, trhere preferablycal $dadt BG000AMRIstroms per

minuté{q%ngelﬁg%t p‘?‘eﬁé@ﬁg nne a;s; 2@50 ,ﬁ sﬁrofn%&ﬁﬁ%? o\r};ée Fen&%vggéte, 8f the metal
may vaey deépendingulpion diee GBiPttoall sasl thetype tof erfetl sbiface Beimprobessed.

e M e e R A

not beas® blgbrae\i@ nompm“pmtea @ﬁelmmSLkiaowﬁnlslm and/betopograpsy of the wafer
surfac%egér'orﬁé e Cmﬁ' gf %gemeﬂ-m.@& oY\%gcgcfets!s Glifeliends to stick

ecoma al ns

EXAMPLES

[0067] The invention is further illustrated in the non-limiting examples set forth below.
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waf er surface. [0063] Methods directed toward

produci ng uni form wear rates across the surface of the
wokjoeossshei ng pol i shed and or across the surf aPer/vs20031€37184

pol i shing pad are discussed in U S. Pat. Nos.

5,177,908; 5, 234,867; 5,297,364; 5,486, 129; 5, 230, 184;

Exa 5,245, 790; and 5,562,530. These nethods may be
ted for use in the present invention. Variations

[0068]f tTres eadneple Plhcﬂmﬂhbéﬂbbm@neﬁ @%@&ﬁgdﬂ"& SdlyIMlebiution in promoting
continu roll of sheet pad

t
coppREEvaft R SR Ao ChPReTPRIFy e polshed Besha 2
hydraaaypﬂhguoewswydesms;)twtutmu wath eiomimdl 4r3$uifupfankeXhEHERS was

s 5 S R B BaRaRDot 1 mr

of ethmr;kwatgr SA dritgh @fppéh\ﬁaﬂeﬂwemm%d apgh Rew (op Otdfz@mé‘@f Bér sec relative

pad- "?’aLle \’a)eg‘l’c'téﬂf”%@%w’ﬁ %r%lr Btj?géfl3g£x§'2(8r #(%ﬁgr'%)f 3 he pﬁ@shmg pad was a

Rodes L0-fi 6@®perfanatetpat. Ths EEPS diarefldverateivhs 60 @BlpeBmiHutes at the center

K f th |t Il al
of et T saast Pertle s ot 12 4R P ol 1 ca i o
may require that a second slurry be present at the

Exa &Ieagarlzatlon interface in addition to the slurry of

i nvention. This second slurry may be the sane as
[0069] he Hure sopsr toilrwas @it iritd cmmonbepﬂlo&f‘rwtémﬂ cmlBe4 th0The copper was

cear 0L AEEE 0 NP 30 e B e or

secomptse fAftreablegnih, the cof\terivil wad mﬂsedf’mi distilledavaterahen Mmeérsed in 5%

| PO 28. 410250 HLLILY Lep s/ m nt
T e
(0076 v aThatoerpdrynderiomersce! lhmdwdrdiyethvlbﬁl&emlf@fd(Hmsﬁmmubﬁ (50:50 in
er, . sur

vl FERL b G} lsvea'fovﬁazfanﬁg@@é foaaqdmﬁgf}c L ——
due te; thea‘bnhmls)nmf trm ;butysuﬁldefﬁan arajsﬂfoamtls the'ﬁbﬂaovwacj emlsur f ace

” ERBWe:ghf Gam

1.68%

Witer than Spour 1goo M dlon ]
gréater than O‘Bll%ut 100 A@\@‘@Brorrs, anoD@M@n o

n, o
m*wnbﬁ

pref erably nog gFat er| thagggout 50 Ag)§ggs 0TS [{ 0066}

JUOOR 51%
punerous process steps for a singl

sel?i condyct orOWdf er. [Ther@Bre, d rel &Pi%ely High 1278%

reamoval rfate of4met aI Iay@f70|38 deS| reoboz\/l\Bth the CVPi4.30%

P TR T - B S Y S P P roannval

D1 1 I_y Ul 11 CIILI LI u u IICI LIID —CToVv )
rate will tv_gll'fégifl v _be atoJ 4ggst 1000 A?; 3?r per 19.73%
m¥ute, |prefdctO8dly gt | ed$i62200 Angst@28fs per 27.41%

m nut e, nore preferapry at teast 3000 AngsStromnms per

m nute, and nost preferably at |east 4000 Angstrons
[0071her The eaRper gained weigbt/and albsamplés were dash aftter remypval diogn the
polysﬂﬁcﬁ@&%ﬁ% UPRNndrBSs SR (fﬁém A}‘téﬂ%ﬂ%ﬂﬁoﬁ Y86 o8t tcy\ﬁfe%rmatlon ofa

surface bei ng processe hou I'S genera
COPPQﬂQl%lSH'ﬂé‘PéOQt@ghave a high removal rate, the rem)val
Exambti® preferably will not be so high as to conprom se

e desired surface finish and/or topography of the

[0072}af Ehe safpplesindExgmpiak abeveawersrimmerseagfin distilled water for 5 minutes and
the pdW<MRE FA WS 'i‘hé?f r‘éﬁﬁﬁvéd Q {ufii r‘?d"{h‘é E%%VEEE§ chgu?s%@z)lh & foils were

invention is furt II'Tustrat e
then resveighesiangde foss pﬁcqme@q{pe tojthe abraded copper sulfide is shown in the

following table:
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WO 2004/ 055864 PCT/ US2003/ 037184 Exanple 1 [0068]
Thi s exanpl e shows the effectiveness of an organic

w@eioy®sasbd de sol ution in pronoting

seni condu

ctor wafers.

copper renevEUSInm7184

Copper wafers were polished to

" wBanes a |

hydimamayar.hyl |

0%%1 e | Hi

refsdd Wi | O'PdfbdrifWeight Loss

a r50m naI

4. 50.$184f ur

bhao

rankoﬂ'hae HE

5 moom ssm vVed T D7.04%

UI. IIUI N
three par

UIC UI
ts Opqgs 1:1

T 1

i xt Ur €

LiEpc r\r\l
S Ul

l.IUI fn
o -5.46%

of =than81 ter A4

i nth copp

er wafléd was

r ot 8fed at

B0 RPMOPeAF 0. 62 net er22%

pPEFo SEec 1

el at pMgg padF
of 3 PS| (or

Waf gRageet oC
20684 Pa)

[yﬁg@hi g v fet 819%
The polishing Jpad was

pressure
o ot

a odel

| C- 1%@)@1perf

or at &d'%8ad.

The HEBE'SIurrly flowW!84%

rad® was

80 ceiqeer m

nut es.oat7 t he

cent-ep15201 pdd. Tha422%

11t

copper—+¢€

at Hodi

odi um

[0073@

Stidon

1
nmovdail

rate—was—1t4-—4+ran
Exanpl e 2 [0069] Pure copper foil
Examptpfoxi mately 4 cmby 4 cm The copper was

i e St §7

l.ution.

'anget

retersHm-Aute.
was cut into coupons
cl eaned

1R POFERe sl e copper

foil we$ elamnettas dibeusseq peasxahm'lé 1 absve: The edppet mwssmme\r@@ ina
hydro‘gﬁ%tﬂglgglg%der%%t%ﬁ%b ?

e

I Was agali

P

sul.f u

300 i ol

i C acnd

@g%vel[c%dg?g]pH 53,

from Fihe3¢ oyipdes. ilie ¢hamges idveightalub yal thexgetdtiph b thespdlfsutige film are

a

[00743 an‘PIl;eeéoder 5%AsPvBight é\hﬁéﬂ%&?ﬁﬂl
polysylg%%gtl%ly

agg (50 50 in ethanol) with a noni nal

> H7, from5 to 30 mnutes. The

po are Toded _

Mnutes linitial W Hinal W,ight Difference W

Pel%ent Wi gft’%in |5 0.41%4 0. 1153 P89 1.68% 1626%

0.108 0. 1173 140093 8. 61%.1483 O. 133 0.0lgp79. 017 |12 78%x2%
0—149--0—1763-—06 OLJ.3 1430042 1191 01426 0 0235

1550 40 0 90 1362 b 0803 7. 410} V9671] The  593%

cHper gai nedJ Wéﬁght and %1523sanpl es viedie8dark [af t er12.40%

reggoval T omg{gg3 poi|ysutd jgg solutiom gigge T nereasers 550,

Fn-weight after immerision was due to the formtlion o

m nut es and

t he

copper (11) sulfide coating. Exanple 3 [0072] The

sswgﬂ@%; p@gﬁ%rnﬁﬁmgu 'fJohﬁﬂn

WMednsigagenie V@Baﬂééfterflmmegsmrm wap dus éethetfermatie of a

coppér@l)|s§lﬁ&$@l’:@at|nbhen re-wei ghed and the | oss of copper due
to the abraded copper sulfide is shown in the

fol |l owi ng

t abl e:
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15 WO 2004/ 055864 PCT/ US2003/ 037184 M nutes Initi al

W. Final Wight Dfference W. Percent Wight Loss. 5
w@®20188864 1112 -0.0022 -1.94% 10 0.108 0. 1021P€cDUSDBED037184

-5.46% 15 0.133 0.1234 -0.0096 -7.22% 20 0.149

[007%). 1368 co@pégkgglile; Sy 39%433 g&nc%zabgéil&uéé&i in@&xa (ﬂ)a037 %Hd $@&%opper was
fe-wsrﬁ?%d %ﬁﬁsemgﬂeeg s i 5 g i pmen e ever

mit ial WY emamagm DI IDiv&dnde Wﬁne qae'?&ent Welght Loss:»is

PW\I ﬁ e R R N N Al AR AR
[ ||| COYpP
in-a hydroxyeé \%I pol vsuIP, g7e sol it i onb(og 50 in ‘031%

et Hanol ) |wi t h0-807om nal sO18awr | eyel 0ﬂ0ﬂ137 pH 5. 3, -1 21%

T 5 g 30 giA@t es. | TheggERNges| 11T Weiy dug—tothesgs
: c ¢ . : G5B 2:26%

polysulfide filmare shown in the
fofd owi nd tabPd22M nutes 1hidial W. FiORR weight  -1.64%

Di 25 erende W01Mrcennt Veo.gbds Gai h 5 -0.00882 O 0986 _2 14%

fa Nl aYaYaW,) 1079 N 107N O2E 2 200/ 0 14

o ¥aa oloo 0071 ySZ%WéS 0%1% 0. 1h29 6°8%%0 8. 93% *555 91%

0. 1355 0. 1523 0. 0168 12.40% 30 0.1073 0.1258 0.0185

[0076\3‘2;@%(5‘%{%%?#&@&|g§§p§qﬁ %Wepﬁlq wei ght and al | sanples

Feroval T rom pol ysul fide
solution. The increase in weight after immersion was

Exanfrég%t o the formation of a copper(ll) sulfide coating.
2004/ 055864 PCT/ US2003/ 037184 [0075] The copper
[0074ul Thidexaaplershaws theeaffactriofascodsavant se dopper kxraoyd| eatds. The copper

o Eeh SPAR AR o) S AT TR b0, BRpon 5050
etharjojyith. a neminelesilfunievelaif 4\K pHF, wab dilded) irt walef Wit thed¢ENS .

BT o A B e

due to Uweo‘g(ma’uoz of §% polysulfide film are shown in the followmg table.

[0078] The copper sulfide layer was removed and the weight loss due to the sulfide layer is

shown in the following table:

1 0.1424 0.1416 ~0.0008
5 0.1430 01421 20,0009
15 0.1484 0.1469 20.0015
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20 0.122 0.12 -0.002 -1.64% 25 0.1355 0.1326 -0.0029
-2.14% 30 0.1073 0.1031 -0.0042 -3.91% [0076] The
wO o®g/0fIs6Lopper is | ess at the | ower pH ExanpP@I/BS2003/037184
[0077] Thi s exanpl e shows the effects of a co-sol vent
Exanmle 8opper renoval rates. The copper foil was cl eaned

b A |
10079]5 538 ERGBLPFEUTT BB TE e8¢0t apaoHs sabmtsysipm. The
coppei foll was @wﬁheﬁlas ﬁllﬂcasgsdhleﬁﬁmmé 14béve. Di'hydrom&y%ﬂowéhlﬁge solution
t he

(0 SDn BRAU L ot o] s PG!Sk AT rlReiutoi g W she HEPS

concemtratien gh25%d Jeuetooppwésomme;mmﬁ 5&865&%1&‘@@' fl||1é1§hangles in weight
nutes Initia

due tfw* arhi'owéfmﬁw&mltfd&firﬁégg“ R OB e cal 1 1
0. 1K@

¥ ilidteaceoit. Dp ?@ﬂcBbt Welght”
) TAAZOL. ;

s, *Hmv’a 0330, 5-62% 0
conn@r sul fide | aver S rem)ved dand thhe wei

R e e 1 0827
due t8 the syl fitB3Payel i §.13%own |i n ©.ALRE ol | owi ng1.94%

tabl'efs M nut €S Tgidsbal . ohsG@Al Vel githodar FTer enueﬁo,
1013424 0-1416—-0-0008 5 0143010, 1421 -0 0009

AR~ A~ A~ A=

0.1484 0.1469 -0.0015 17 WO 2004/ 055864
[008G7CTH %Z@&é’ér@ﬁﬁ&@?ayeﬁ%éﬂ@nﬁ)v@d [2Q Q7R s B i eke?mﬁl@@t &Ml the copper was

usi n m xed ani c- agueous sol vent
re'WeéQj?gp %’F@ meeﬁwrwqw s Oéfv%%ﬁﬁwab%f ”EFF §<aqp§§ é@lflcﬂehlayer

A 078%
concebtratioh at0. 9% ?he 0oppger was D003 se fromede%

.LL.

1O 15T nutes.  Hgs5 TangeS gitfegei gt toTthe o,
formation oflthe pol ysi idpgllmaresomnth

foIIovvi ng table. Mnutes Initial W. Final Wi ght
'|efference W . Percent Weight Gain 1 0.1415 0. 1463
48 39% 5 0.1339 0.1365 0.0026 1.94% 15 0.1459
[00816 1508 eaaroe@@hzwem ugepg@anplyphiide dpp eempletefly aidody eredium. The

coppdfasil WeSBEERedSs Hisatddas fblathpiX #EBbR. Fh8Epddtevas MRk sed in a

was
thioglycolic acid polysulfide solution, 40% in water with a nominal sulfur level of 4.7, pH 5.3,

from 5 to 30 minutes. The changes in weight due to the formation of the polysulfide film are
shown in the following table. The copper sulfide was rinsed and removed as discussed in
example 2. The copper loss a considerable fraction of its original weight due to the formation of

the polysulfide layer.

5 0.1375 0.0858 |  -0.0517 -37.60%
10 0.1199 0.0809 20.039 132.53%
15 0.1408 0.0945 20.0463 232.88%
20 0.1276 0.0855 20.0421 32.99%
25 0.1436 0.0873 -0.0563 239.21%
30 0.1395 0.0734 20.0661 ~47.38%
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re-wei ghed. The loss in copper weight is due to the
renmoval of the copper sulfide layer. Mnutes Initial
waee04B5386d VWi ght Difference W. Percent Wi ghPCT/US®03/037184
0. 1415 0. 1404 -0.0011 -0.78% 5 0.1339 0.1306 -0.0033
-2.46% 15 0. 1459 0.1399 - CLAMS-4. 11% Exanple 7
[0081] This exanple shows the use of a polysulfide in
a conpl etely aqueous nedium The copper foil was
Whatds elaimestl ias di scussed in exanple 1 above. The copper
was imMmersed in a thioglycolic acid polysulfide
solution, 40%in water with a nom nal sulfur |evel of
1. 4.AslupiiuSefB| in plananzihg tacsuﬂ@cerrd)fraj\n/efsr suited ferlfab@ssion Bf a

e to t r.mation the polysulfide film
Sem'%&ggaéhg%ﬁce ﬂﬁﬂ@m{ g‘f P%ﬁ?rﬁﬁr'stegbqf . The copper sulfide
wem I isnifgebemnidg cempuedisaspabls ofisawerting coppedi® tpper silifige,

%Sper Paﬁiaﬁyﬁa@ﬁé{?%%rab' e fraction of its original

ght MRation of the pol ysul fi de | ayer.
Mayut estionslly, ad oxidizingragent, Wei ght Di f ference W.

Pef cent.. V] § L 0. 0858 -0. 0517 -37.60%
1(95’50. %B%?’%ﬂjggﬁ'g%%ﬂ@% % 15 0.1408 0. 0945

- ®) 04 6Btioradly,sBehelDgGgeay6 0. 0855 - 0. 0421 -32.99% 25
0. 9.21% 30 0.1395 0.0734

5’1 gﬁﬁ)‘"%@y’}é@% ?géé& 004/ 055864 PCT/ US2003/ 037184
Clo\ veptiongdly, 4 passivatimgagens: 1. A slurry useful in

plr@??%gtl lally 1;.ﬁ;fléﬂétfaﬁt%eer‘ﬂLIs urﬁgfén él&'/‘stcggt rﬁcgdlféﬁr V\rli}tlng agents,

bei nglubsinpits sxs@pefanddhe ke, f ur - bear i ng conpounds
C?)Dabbﬁ cf?'fa"?gr%}’(fpr Hgg%ng)r BR&1o lhgregg@ﬁl%fal g{bjllswn% elecg\)/ely, and

opti ona rier,
oM di praiil{,}@n?o SQi‘)eF@ptl onal | y, inorganic poI i shi ng
particles, e) optionally, a chelating agent, f)
optionally, a buffering aqent g) optionally, a
2. pa'§§,s{;.g§|fy qu:la@*gémfherem the sulfur-bearing compound capable of converting copper

to copper sulfide is a disulfide or polysulfide having the structure:

R1S-S4-S-R;
wherein Ry and R; are independently an organic or inorganic moiety and x is an integer from 0
to 24.

3. The slurry of claim 2 wherein R and R; are independently an organic moiety that may
include hydrocarbons or functional groups such as a hydrogen, amines, hydroxyl, carboxyl,
halogen, sulfonyl, alkyl, aryl, alkaryl or combinations thereof.

4, The slurry of claim 2 wherein Ry and R; are independently an inorganic functional group

selected from an alkali or alkaline earth metal salts or ammonium salts or combinations thereof.
5. The slurry of claim 2 wherein the polysulfide is hydroxyethylpolysulfide.

6. The slurry of claim 1 wherein the sulfur-bearing compounds capable of converting

copper to copper sulfide has a concentration from 0.0010% to 100%.
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h) optionally, surfactants, enulsifying agents,

viscosity nodifiers, wetting agents, |ubricants,
waoapssssend the |ike, i) optionally a stoppi ngPCDIRIO3IOB7184

to increase netal polishing selectively, and j)

optional | y, a co-solvent 2. The slurry of cl ai m 1

7. CoRFaThY Rl binert bR PG e ieieh Feelegieddiom SI0y

AIZOaOGbKDfé Lﬂn’fcbdla teslimGatioaal®l certimisslts, FarbeSXiliStER aldBBRIUM dioxide.
R, and R2 are independently an organic or inorganic
nmoiety and x is an integer fromO to 24. 3. The

8. slTHersluref ofcdialimm Rhaverrtaeé pHRs bétndeR2 targ. i ndependent | y
an organic noiety that may include hydrocarbons or
functi onal groups such as a hydrogen, ani nes,

9. hymlmmdd ofcmdu’g)mwa surfaed ofgaEWafesullufevalrfyﬂtheal kyl aryl,

fab % ﬂ{ els conb tnadt on% er F i (ge slurry of

abricgfigly B 2 SGRIEPATYTes deXirg ?&'paﬁ‘ s dent 1y an
i re)r gmwdnhgmwﬂafmknpgsmgua ﬂrsiema&emaeﬂaﬁm@ msarfacd étahéd @rform a
al kaline earth netal salts or anmp
conol RATPE e Sl metla oiosTE By 157 SBecg o frst materia;
whBr eicnnﬁabmgamla)sedd)rfd rdaterial df yidrwafgetitty pglizhiyg wabliinlthe fesence of
The sl e .Su
conpoaﬁe{jsxﬁkggasolf g’ ?n%a'?ghgsrsy{ﬁﬁgbea%%ﬁ%mp?wdgﬁgﬁg? of converting
sul f i depprrso aopmEnsefliite;andon from 0. 0010% t o 100% 19
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1% o gy RS e eE ARt o Wt bl Rateng g i contact
sel ecwith o palishigp Pad unil BRI poEeiGR)faze Dtﬂ:alv\a,feroablanamnd comprises
car bo t
it an%ﬁ%%atl é;‘rf(e!' %’H@Oﬁ%tpto%d AR ﬁ?lre’naﬁérlo‘ a%gigﬂ%é)osed second
t he pHaterigbet ween 2 to 13. 9. A met hod of modi fying a
surface of a wafer suited for the fabrication of a
sem conduct or device conprising the steps of: a)

10.  prideiraethgd af elaifre® whereh theishuryacohtainst palishieg particlaavi ng a
surface etched to forma pattern and a second
mat eri al deposited over the surface of the first

11, ndihermethed pf claion?® wbeieinthe pelishingopriticles aneifixed of thengolishing pad.
wafer with polishing pad in the presence of the
working slurry containing a sulfur-bearing conpound

12. cérﬁabn%thw oteaie? whakpin e pelishindpachinsenrisss Rfsiuiey; andredpolymer pad,

the slﬁ)ry E&hptidi d&'eﬁbldm}ﬂl BAobeaNasies pé}{lclgé’hl%ﬁé}’sé‘@lqnéagw‘ﬁg'thg slurry

second material 1S in contact
contas%m; ihatmetaldayesoh Bivarpleih the epplicatiorzofihe @phshmgma@ﬁn ar
and conprises at |east one area of exposed first

materi al and one area of exposed second material.
13. The method of claim 12 wherein the first material is a dielectric material and the second

material is a conductive material.

14. The method of claim 12, wherein the wafer further comprises a barrier layer covering

the dielectric material.

15. The method of claim 12, wherein the metal layer is a conductive metal selected from
the group consisting of titanium, silver, aluminum, tungsten, tantalum, tantalum nitride,

tungsten nitride, tantalum oxide, tungsten oxide, silica, copper, or alloys thereof.
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10. The nmethod of claim9 wherein the slurry contains
polishing particles. 11. The nethod of claim9 wherein
wo b@4psissshi ng particles are fixed on the pol i BOI/N§2003/037184
pad. 12. The nethod of claim9 wherein the polishing
pad conprises a slurry and a polynmer pad, the slurry
nprisin lurality of | oose abrasive particles

a
16. d|T§‘SéP%t€88|°ﬁ° 'r§I@r"\"}?re'f‘#ﬂég'%'mﬂ"?%}?m%maé@t'ﬁH@e‘ﬂ freremove the
abradgRl¥ppbA¥ia@paitigesyial er by the application of the
pol i shing pad. 13. The nethod of claim 12 wherein the
first material is a dielectric material and the second

17. rrwhe,rm@thou of BlafR NdWiHeraif uPdsehicHadiafidn isTiddB4R8@t Pf copper
m 12, wherein th mafer further conprises a

S“mdﬁé?mpé@fﬁﬁ9gF3W6$%PP ©the dielectric material. 15.
The nmethod of claim 12, wherein the netal |layer is a
conductive netal selected from the group consisting
of titanium silver, alum num tungsten, tantal um
tantalumnitride, tungsten nitride, tantalum oxide,
tungsten oxide, silica, copper, or alloys thereof. 20
WO 2004/ 055864 PCT/ US2003/ 037184 16. The net hod of
claim 12 wherein high inpingenent water is used to
renmove the abraded copper sulfide particles. 17. The
met hod of claim 12 wherein ultrasonic radiation is
used to assist in copper sulfide renoval fromthe
waf er surface. 21
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