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[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
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3 The renoval rate of the deposited netal should be
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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
cont ai ni ng a sul fur-bearing conpound capabl e of
converting copper to copper sulfide; and c) relatively
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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 polystilfide.




to effectively renove copper and copper alloy |ayers,
barrier layers and dielectrics found in electronic
devices. In particular, slurries of this invention
cont ai ni ng sul fur-bearing conpounds capabl e of
converting copper to copper sulfide are useful for the
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[ 0036] Suitable chem cal oxidizing agents, if used,
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preferred buffers are conpatible with sem conduct or
post - CMP cl eani ng needs as well as having reduced
potential inpurities such as alkali netals. In
addition, the nost preferred buffers could be
adjusted to span the pH range fromacidic to
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known to be sonewhat passivated by cuprous oxide,
especially at neutral or mldly alkaline pH The
addi ti on of passivating agent to the working slurry
may protect areas of a copper surface not yet in
contact with the abrasive article from premature,
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fera | east partially

un
acqt?ﬂﬁtr'l&r 9@4’}1360@@%%'* ?fﬂ!flnﬂr%a@nmw BerE-he
[00S21Ur I'Fhe shirey dfetidinvettioh ﬁ@%omaﬁwt\/aﬁd:dsyemmﬂyhgtagentés used
ans that the s%/st em h

s el S a
10035 & helRD cgkns hesio s4n b vass Tommatiut AR Jopus7giC spore
preteradiefisrh abbatults°a @& abbut go°clant afdsy preferdbhaBém abowtt2030 tolabout 50°C.

r0oSRY. £ THeHEMRH of psentifvantion B Moo ¥ing inier RP walrs st for

fabdeatiobef aaaeynlmmduabr devicet ¢copmirisas the stégs ofed
nitr ogen- c%&h@%%fmlﬂtgﬂﬂsa%r&%ﬁgnglrh%m#% sUaBt Biched to

of comnpounds C
i m des, pdpﬁmrePétf@meané@fSecawﬂmﬁeﬂaudws{tmpwﬂhe surface of the first
Sui t abl e ShARRAINY conpounds aI so include, for exanple,
catiopicall charﬁed ni tro cont aj ni n npounds

H'%?'P@Y

sel ecPed oPBIEFING 9PeRep %lah?fdlgﬁmgfe&w pighe invention used in
am nes, | monjeﬁctiona\rmdq:ﬁahshlrig SERIS thelslriyroermprising & @airalitypsfdoose

m xtures t rein the conmpound i s not
a sul fur- @B?“Jts ﬁ\géﬁgorﬁ%ﬁﬁ%m tﬁéglﬁgézaglpe conpound.
Cationically charged as used herein
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nmeans that a fraction (e.g., > 1 % of the stopping
conpound is protonated at the operating pH of the
system of the present invention. Preferred stopping
conmpounds al so are oppositely charged fromthe
surface charge of the netallic layer that is not to be

pol i shed. {cRibdly mEbﬁgﬁéWéf#r WHilelthes Ly St ;bdﬁ@hlﬂ?]éad are in contact
contain var o co sa E assfl st L‘H so% ubi 'l zi ng )
Sul T ur - beatithi7e 8RBl iete g5 e wateruntlie wRleT fplerias aee comprises
to copper atuédst des arthef spbsehfirstmatelis ane bhé arebYf exposéd second
or entirel M @hglanl c dependi ng upon the conposition of

the sul fur- Bearlng conmpounds capabl e of converting
[0056bpeThe meitwope preferbbly directit! ta modifying intemediatenslirtaces of a

stré‘tﬁ@ﬁeﬁ%éf@tt PQ?%@Ha@erﬁPls\’tgﬂEa]g’%}’ @Bﬁﬂc%tm%w&nht@n’{\ediate

he scope o ani ¢ sol
mqtq;@l auadhasiandastier laxen applied thergpyespSaoe swtable intermediate materials or

adlﬁﬁidrﬁlﬁéfﬁéﬂﬁyér@f’hclﬁeffﬁﬁtﬁwhﬁ lt'lkdcn‘rmrﬂé ﬁSnatalrﬁlﬁpﬁg%‘g' fitahfufh nitride. Other
i di
sulRE e ok Telarals i GRP GOV LRTIES ARSI Gie THE o ffidasnand

siliides. dline desighs iabyoorgedigrithtis firb0A5E alThcudd patteynaf arells, grooved

0C b 70C
ards$ G0 190 A G RERRAR oG b SoARRNE (o
de\p@aﬂ@ﬁ@spgncf m@tnrlabre txpiclT atoondisative nE0ial selectied B84] titdhiam, silver,
aluftUe duRdstéN, %Sﬁér blnéﬂ% ﬂ!’%?ec{fofheg@qgér}f'rﬁ&h@d %Lbraf'tﬂ:ﬁﬁar@ adapted to

a mafer suited for rlca I on em con
mogEXing eondutive swtacen ef @?@ﬁé'smvma registivity apligs typigglietess than about

0. 1Qﬂﬁmbm8|rﬂﬁbr%réll préferidBididlectic MaEra® vl AV ABRcRICBREkah® less than
abQLﬁ ma pattern and a second material deposited over

& surface of the first material; b. contacting the
[onse]comdthmaqwscalthmomhg smfyerontuirﬁrtg ailfur-iﬁeenﬁ@ cbmBounds capable of

cor{vﬁ?ﬁﬁg E[?;%/ ¥OS H] %qlfﬁ?‘éndgldrﬂp P03 Ip/vY‘gF lgprqa%gggsrt?%{ﬁgtgﬁs\;{gscnbed

abqyarticl es d| spersed in the slurry; and 11 c.

[005 | a‘rh}é% { E@tw%gr? t%if&& Al h?ﬁto[?%lﬁdeé: éccg Lnder pressure in
theaenewaérwreéfonmnbwt 0t1hf@ aafte?5 psi, preterakly amdiarmhaman@e‘som about 0.2

to a’ﬁou{ @9?&1 #haem et %?ef@lfalbg)hﬁ’Qf‘rﬁﬁjgéc frérﬁtabgﬁtﬁ]'b'a%log?@ GSlo’ﬁﬁe }Nafer and

osed secon mat er i al

P°'15 @9 @@amf b ratied and/er mewed 99iest Atk pivetinR @r@mm spiral

fashibn aa nsﬁ—uumdrmr ragnvif ﬁﬁptlca'lffﬁsmbﬁ 88 aﬁigtnfér digit or random motion
c_nmate ter

fashilf Fi yeiof n G T b T pef syt shbiocale 448F g Pransmiting
uitrgeanic 'siblattlam thrmunhdhﬁbdfdat o hembeForadxample, eiticdrdlsé polishing pad or the

waf@%l’f lbcﬁﬁ tljléaé{&fsﬁlnb :%%E ueg tl&?\%%l’ EF@ ro[dté@@lagﬁb 18 A Rh&HBs well as

tani u

be'"QwWéF%H"%ﬁ"@ aﬂﬁél@e’ﬁiﬁﬁ\l%cwer&dwﬁé‘ﬁ waieband pagt  Theyrstational motion or
speed of sistidiEtativeen thetwdigieghd Ghing pad may be between 1 rem to 10,000

rem. Preferred rotational speeds for the pad are at a speed between 10 rpm to 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 rpm to 100 rpm.
[0058] The CMP slurries of the invention may be used without the inorganic polishing
particles mixed in the agueous medium. Rather, a fixed abrasive pad whereby a fixed three-
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silicides. The designs associated with the first
materi al | nclude patterned areas, grooved areas, and
vies, as well as other structures that nake up a
conpl eted senmi conductor device. The second materi al
is typically a conductive material selected from

difneh€ibhal 'ébré‘dn}eVﬁd havﬁig?@t&r‘&s él:h‘é‘él\?é S&Htclﬁ??iﬁ?ﬁ?m& fhroughout at least

= Bortiy Bt BickRtin Ay rert i Hint Faroavne samis Bkthe pariaies dusng
plérsarizatior eqioses addionshhibrasive paiticrk|cgpaiss of ﬁém:ﬁfmﬁ*g%é plananzatnon

T M LT
arggigBrsadintahisdaispect, the working slurry contai ni ng

[oﬁsd}f Uf th@%{bﬁ%bl& %gp rtiqcﬁlg P cci?*h act gﬁg X%ih{ﬂ i&qm%f%?ao ned between

copper su ona rg
?;Hm girrasive gadand wafgwtﬂ absvreosep@gefarqe aitihe wafarieplanar and

colkeeE Bt 168§ onefPda aMckpbi lohé bt E\:ﬂwdﬁ@ﬁbeorﬁ%lﬁl éHEfj%rleist one area

ofggess neral range from about

ffﬂﬁéﬁ@ﬁ%{’&'@maﬁwe‘r apdhthg exgpeRd area f ssiets materigl and the
exadmmt aréd opdieleatrid nﬁtsﬁaEMﬁh@ :ﬂrliﬂlél plaﬁe aThéH%dﬁ@rﬁbf&biQ%ay be

cotrb Mo LS Rl A S SRR B e
Usugihitimexnnsed dlelectrashatenal surfaceislasséntially raaéthe intermediate

maﬁér’rél @ﬁ‘tbF@mc&l Pop 91% cedd Jo'ngﬁétﬁlg%'ﬂgﬁalor [t&n%ﬁ;%mbm(gy@ §f the

not 1 on base
medaldayaraiay pose Balwﬂ@ Styta@ns gkthejntermaskiate maiteris). Continued

mdduftchﬂswmaq thérDéPos & BA trltehm%@ of {h% d&ﬁé é ol eé?ﬁér%ate’?gf and the

ei ther the polishing pad t waf er
meg%lafﬂyetrhe pol i shing pad and the vvafer are r ot at ed
[0066] atTheeabrasieyadaisbe Witk theVehirtiesost thi® %Vé}ﬁloH‘PrYa@Cbe' dird@IBF th¥%hape, e. g.

00 3 S S B BBt o omprtm
smapther, allechatively, shayrig sralib peyTHecabnedivaesiicld map Bist e ]JOth@@&m of an

ovdl RFbf fr[)ﬁo%éﬁg fégﬁeaédcﬁgghnagg@%%géa% r&-ggl?]gg]?ag Hoinélike?

speed
A"‘?ff‘é#*\@ﬂvame)ﬁxs'éﬁmélﬁe pad mayrbe & the tprmm’fradmtﬂ onindbe form of a roll, typically

ref@'l"élf t@"lﬁ@k&(ﬂ\hﬁb&ﬁﬁlﬁgl&u&%i Soréive faBQ}OIIE r RBF‘a%fv@ ?aFFe rolls may be

d ion W8$E .? he_waf er are between
in ﬂ? catipy qu@clasgb'i’pe prpsivaarticle mﬁedaegg@tqdﬁﬁ]prowde
op@mngsshnobgh therabrasivefoeatingchna Weiackifg tperink tHe)shse&48 of the slurry

megggﬁggf?rg ggP shdlrpes of the invention may be used

organl C polishing particles mxed in
[006he dhedverfacewdessune debwdearthe abrémmdtldbraadm&rﬁaﬁace (i.e., the

coﬁfﬁlﬁE)Fé%!fur@%%'t%:ﬁ&llgE.E?&agl%bgut%rb% a%%%'?g%ag% ﬁ(gs% preferably less

havi n rasive partlc
thap ﬁP%‘éIdﬁd@t' mgre prefesably lgspihen mbeut 6fpsi. tAIse, v hnnae& proaessing

condftidfls GMGIA alpldariz AR PdtesS AR b@ﬁ?éd“ &b @i&n‘neﬁé Qtlcf:{rb&gsmg segment

Ia atlztlonef oses addit1on abrasiv
ma gamBiSe HORES Mtelfase hEesee tb?%%ﬁ?qoﬁﬁpf%ﬁsslﬁaﬁﬂsmeﬁh Rofation and
trarptaahﬁml Ispeldshuf el weferumid/op fendbrasivé paaraiiol Rf\SbevddieH ldating the
p,aﬁgnzgﬁgna&b(\,{e%spar ticles fixed and dispersed in a
[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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[00591 In this fixed abrasive polishing nethod,
contact and notion is maintai ned between the fixed
abrasive pad and the wafer until an exposed surface of
the wafer is planar and conprises at |east one area
of exposed second or conductive material and at | east

ahoasivesdrticle wgérfa%& pWﬁ?@céHg&%oﬂbn@' fn%%r aib rplt‘éileﬁﬁhé Ehéﬂ omeBA known in
of _condu eri a
tnt 35 58 SHREFE 451 1P api@Ble P clndte a il of Recam ges agains he

wap‘eramefacé'he dielectric material may be covered by one

[OEESI] :TF tt{oge gﬁé@%ﬁg n%cel.{ci@ u%;%ﬁg\gﬁaﬂietgg @%r{aee @IG surface of the
objgst b@lnsapolebecﬂ anckor ss:rqss:&msurfabé yf the palisbing iplad are discussed in U.S. Pat.
Ndsanwf@d& 3 £34, Bﬁt EFQ?%@@@E 1583’2@ 18 %Bﬁe 796517 5,562,530 These

conducti Ve mat ehoval’
methedy mgb%pdqp@ﬂ fg;(llgﬁ%@ thﬁpresqnh@vgupﬂayegat@ﬂs phtbe wafer planarization

prd:cﬁise mﬁ Ie&tﬁbyf‘ﬁth@:f a @imln@l@tﬂeﬁ HEQ su;SBNjﬂofl bﬁ%’e?ﬁ‘ad‘iﬂéﬁenal in

se on the surface, of fer the dielect
cowgp% Wi %urphrgay Alee é e;nggpged bgt e}@gw}mnpn%b%{bqrdglil Qfée)ﬁ'dred three-
dlruemambnai abirasiveecoshposité asd whrkinhistury oY @R inantiomy be

OB g T e et s B e
preferablyrsefficienttoyaid is theosmogal of ed:nper oradopper qxldenmer bﬁm the surface. In
most BhdeCPRlre id Quﬁfltﬁg{ @EJF Frofil the b F%BQYL{I’ S%g-g, |§\ée51§ﬂn EWI" also be

formof an oval® or o any p
EPPWF@F?&dh%trSO'T@qqﬂ\aezatlpeepdwgmremayanqumbaﬂa $esond slurry be present at

the%lélﬁrﬁaﬁdn\f ﬁﬂeM‘aoe.t IH %dalhm tROSIBSY Uﬁhﬁ"ﬂﬂleﬁmﬁt bﬁué Frlﬂfsiuny may be

th form of e wrmo a _rol
& S Pl B Sy gy hagt ity Jhe flewi sate §PFQ§P§‘!§W§§'|"Q/‘€°*'"9 slurry
typicafherangés fomAboatsiove 17080 enilliRérs SRy, ﬂ?@‘erablt?d@t@ godl H'ﬁl!liIﬁ&sImmute
proc ive article may be
and %{g?'%te%aﬁ ?éétg'?% ?%oé'?ail?e%aﬂﬂﬁptﬁﬁi BOYE ¢ he abras?/ve
[Oﬁﬁébt 1Ty sarfdéeniinishhed theaedfenigay be peiusitéd by itoRaIestBeIsOOne preferred
mettmﬁ I§|¢d‘“’lé suré"ﬁlg'ﬁf%lgggptbgtw\ﬁgeq Lu?%qu%t Low %fﬁees%reegl‘f oughness"

he interface pressure
an%ﬁ@ym@e Ktehascor othee surfach defesisnthacwafpr ssfaoe i)preferably modified to

yieldys RJalué df s §réai’él“’cha@1béyébt %O%H&ﬁj&nso ‘?r{orec’ B*é?errﬁ’olil R& Breater than
eferabl | ess han abdu
s 3bY A 48 e rors RISl 82 rosfardhan houLAO Aegroms

[0066] C Thetegin Uéqﬂlﬁiei"dt.@fﬁod@sé BiePs for B'sﬁ‘ﬁg{: deeﬁﬂédngﬂ‘ctw \Péi‘@ts STherefore, a
SSi

oy M BCie S o e i onrB B i GNP SeY:S! scoveation
desgribedkareingthe egmeval raté?mllagtpmﬂy wdt ledist 4060 Aﬁgaﬁﬁﬁﬂs pepAfRflfe,

Prefgraﬁly‘a? Ié@sft %O(f‘ﬂﬁg/és%m% geﬁ h)oge rpgeé%%gl ITE(%%%?) Angstroms per

mingte; @sd awstrre tdﬁast *@Ua‘tngamme perainutay Tae rerasval rate of the metal
ma? béﬁ) Rebéndiry G}ﬁh FPhéjCﬁﬂ’rtb& léhq tﬂeh?pe 8&%%!&”%6%6[@5{9 &X&gssed

Al etlrevYaer surface
'}ﬂ“% dyengeally Hasirabledo hgve & aloh reraows! wte, H’@ r\ﬁmcmalarbtpmferebly will
notibetsalhighcasstolcbmp@nist the GegfdanAadetiinth ABRF tobodrapRY $ﬂﬁe wafer

suriBo Bl mARE ok Jo R BT BURRtnEeiotem Bt known 11

EXAMPLES
[0067] The invention is further illustrated in the non-limiting examples set forth below.
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the art as "stiction" where the abrasive article tends
to stick to or becone | odged agai nst the wafer
surface. [0063] Methods directed toward producing

uni form wear rates across the surface of the object
bei ng polished and or across the surface of the
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;

Exgmples! 790° and 5,562, 530. These methods may be
[O(IBSIipt FHis bRIMpIE Bhows thi %ff@étﬁ&%& of &Y @t’@bhl@ ﬁolyMﬂf deaédlt.@iaﬁ in promoting

anar OCEesSsS

cofier RO R SPREB IR Wt BORTE BRI HEe pa?%ﬁﬁ%ys'a%a

hydrakyathdgolysolfide (HERS)cblution with & namBialH 5 gulfomyarkd SheHEPS was

asFATACH S, SR 0 Bl Siod b 8 bl 7 11 moure
of ethanglyvater. Ari inch enppat wafir w@cﬂ@taaqd atw@ RN (o1t0.85%F metaeper sec relative
palfiatdrR8losity LkiKg waa?é?'%résgiﬁ%rgf S¥) ARROBEAPAY ThBBoNEH pad was &

surface 1S’ preferab ficien ald’in
ROP@HGMOO aerieraisgerdor he b'ﬁﬁ’@ﬁl%m flow retgyas &0:csiRer Rinutes at the center

of pat. f Bfefcoppér refiBed] rt@ 98 114, d@bForhéte@tthihite) ent slurry
fromthe working slurry of the invention. It will also

be appreciated that sone planarization applications
ExampleiZequire that a second slurry be present at the

(088702l 3ipe ! &R o blinB0F b Hink i1 By 4ch THE sopper was
cleahed ¢dthagtically atr4.9 V ine spiutioragontainiod 5 g sastium mydroxiteal 60°C for 30
seddhS. hRér GHaPRE Bb %g%ﬁé??oﬂv%@%h*&ggd ﬁ ch%rtlfié(d wht %Pfh‘éﬁl ithMersed in 5%

ranges roma out ters/ m nut
sulfiyrigiagidfen /sepgnd. o THEDEPRRRY Was againt ysed indistilied afﬁtfrnore

[ocm) f emé)édfopeﬁ\w@mnébéw.h atyd éﬁaﬂpdnéulﬂub 'utlgﬁs)/ AR €50:50 in
% YSYk The s celflnlsh o}f; F@'ﬂ’){

etha)dl) Wik é&°wa \% ehelChtdsP &@%Fé? %9 esrr&fﬁ&aaﬂ%es in weight

dué t m‘ewmwori dsfehﬂolmlﬁde fitoh aﬁemhomfrethe scmr:\fumg eaﬁldaat

| "|s. pﬁeferably %‘@r’«fl ed to 0. Vﬁél d an Rt 00@119ue of ho 1.63%‘ -

greaper than aBQDIE J.U U ANGETE ONs,| NOT 8.0093¢T €1 bl y N8.61%

Anact rr\wr- and. . aoauvuon. . nnrlina

prefeérablyl no 'ﬁgyater thantba out_50 Anc?\oﬁoms [006612‘78%

TheR@ can |pbe n@itt? ous |pr ode¥83st eps f oP.0213si nglje 14.30%

Sengonduc or (yvafgq:r |nerajﬂ12e, 2 Tl 06236e! Y mgn 1873%

| a1 rod ALt h +
LY u1 ] uy u\anl LB A Y. 0
sl urErEv of 'the n@gntl n é g?l be hergﬂ%93 t he rermvzgttm

rate will typl cally be at |east 1000 Angstrons per

[OOFTlEUt'I‘T'!e cﬁgﬁ %irn@? g@f aﬁ@?ﬁan&%&%ﬁgﬁﬁ&ﬁﬂgﬁemal from the

Polgyifiiecolutior ﬁ'ﬂﬁsfﬂchP%ﬁ‘ 'émwafé&r lm@aaomwcﬂtmgmerfp fpeation of a

coppRF(I"éultleoatiite renoval rate of the netal may vary

deﬁegdl ng upon the CVP tool and the type of waf er
e being processed. Although it is generally

[00d2}i rThblsembies raEantpld 2 @boveosary #hmeREe in distiled ®ERY &r 5 minutes and

e BB DR biohe L e o B3 L GEARERR. oot wers
thensg-weighed pficithe lass ofratqper Hiee todhe alorbdenf capper sulfide is shown in the
foltiRg &tieat i on process difficult. EXAMPLES
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[0067] The invention is further illustrated in the
non-limting exanples set forth below 14 Exanple 1
[ 0068] This exanple shows the effectiveness of an
organi ¢ polysulfide solution in pronoting copper

r enoval fron1sen1conductor mafers Cbpper waf ers were

PO BTo e & 1 S W~ [y it 0L N Pardent Waight £bSs
soI uston Wth 8.118aM Na x. @1ﬂu ur T ant 00 e HEPS Wasq a9
gssatvret—r—ethanel- Pt H‘re . sel-u-o6h

. was added 1o i 1358 oarts og 'xtb‘gs% -5.46%
et hafol : wat er. 9432 i nch co?)b@r‘ vvafer web00PBt at ed at S1R2%
RPMZ00T U 52 @B Per| SeCofmeati e parhigat er B.15%
veteg-ty)—psia 7 g,vm‘c pragoH-e—at—3 Pﬁm—ZO@M >
Pa) ""The ppl ishingd pad was a ~ Rodel | Y8 perlf or at d{84%
pad.30The HEPS @ﬂ@ﬁgry fl ow #6818 wag 80 &P1p2r mi|nut es-14.22%
at _the center of pad. The copper renoval rare

114 4 nanoneters/ mnute. Exanple 2 [0069] Pure copper

Expiople 4,55 cut into coupons approximately 4 cmby 4 cm
[om;a cnm@ranmshwlsemeﬁbcmadflpﬂcbheﬂédsyn e p‘blg@u?ﬂ?é 5618@; f The copper
e a or

o b SR Pt S8 PR '
hydroxysthy/polysdifide sdllited (6R6@ M atheevl)iwithrer readnal sulifdevel of 4.7, pH 5.3,

froﬁ1ué tfoléy rﬁm@%b d'{ﬁ?#haﬁg@? T@B%Eﬂctﬂ%)_ ﬁaﬁ@'?ofwmg&ysulﬁde film are

e COpper

Sh‘PWﬁr@rfB%fP"@‘HnﬁtQ%r oxyet hyI pol ysul fide (HEPS) sol ution
!i;;n"’.h I].t‘"{“ .a 41 SRR JEJ‘@M‘&& ;ﬁLﬁ“ l.. “‘ ” e *%:éw : QHL ;g?ai‘ ?‘n‘ ;i".a H

due ‘rfo the fory 1 m arle shO\Rﬁ”’
in tlAe foll ow @1@07ﬂabl g. s O118Autn]i}, E0003B tif |at |1 $.26%

r~ Hs, ~ | . ¢c4|41‘s'alg ~~om'a4 m g4 iuoén PIT T 5.02%
\AA1 S /I\ (o | f'\ 1 Q/] 11'—'\‘2 NN10 1 RgO/n 108

VA "X 4 v =0 o=

01
0185 0 dosa B'Boi0] 18 B 7ha 015 000 12 4306 28%%
0.128 0.1703 O0.G®83 14. 3091526 0. {101 0DI6A26 0.[0235 1240%

T9Tgg7% 30 U 19RF30 1362 5 12893 27 21 Boi&0 71l [The 17.24%

copper—gatned—wel-ght—and—all—sanples—were dark-lafter

renmoval fromthe polysulfide solution. The increase
[0074) Waihg tbppdrigained msathm&mér@ démefiborerialdnothe

polfsyRREBRERA Ling Hriend o ot AT Rifrduss 9454 Tl P o
Conmr(é}smﬁdeEammut es and the polysulfide filmwas then

renmoved by wi ping the copper foils in cheesecloth. The
foils were
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then re-wei ghed and the | oss of copper due to the
abraded copper sulfide is shown in the follow ng
table: 15 ~a .fllliht ,~". ~ . E/i tntfta] ;!" F
;?FRiti 11111t , ~~ ffe MEP .P fd ~t VYFEI- fif ' i
o 5 0.1134 0.1112 -0.0022 -1.94% 10 0.108 0.1021

[ﬂﬂﬁlooﬁ% c érﬁa%ﬂdé% S Wﬁ?’rs%o]ig@ﬁs d@c&@@@m gxa%%?@ 3 &M the copper was

49016 g’? 805-0141
re'WfPhSQO/J %@%'”ﬂ?&@e’d"’%‘i*ﬁ ”G % Zemfﬁa b ﬂ/T?GER%ﬁFﬁH@dQL aVef

: 7.0‘ - “E1-
as. di scussed in pxzarml 1 a%ovp The (‘ODOIC?eL was

i méPsed ip a %A oxyet hy®-#8Pysulifi de W3t i on (50: 521%
I n_eshanol) w Uhum no levelo.gge24. 7,| PH -2.26%

| 1 U|| <J L i
o PR Tt ey I [pP4%
t he %ol | ow ng P-adAce, 986 0:0088% 0. 41% 162.14%
0. 1G@2 0. 1107 0.416@35 3| 26%1(135 0 1413 @.0bd84 0.[0071 -3.901%
5629—26—06—122—6—132906-06169-8—93%—250—1355—6—1+523

0.0168 12.40% 30 0.1073 0.1258 0.0185 17.24% [ 0074]
[00M6k cClhepess iyabpred islessdithedndlergdH. sanpl es were dark

after renoval fromthe polysulfide solution. The

increase in weight after imersion was due to the
Exempledt i on of a copper(l1) sulfide coating. 16 [0075]

[00-5‘7)3 Cﬂﬁboé(a éHonr. thY¥Rlct\R % Jo%l%%r?&pﬂéﬁ@h‘ﬁ%%téé‘ The copper

and t
f°l'&ﬁ§ﬁe@ ﬁé?ﬁ ectsed RER bagRyRch BY avdrwe!woa/ewfm solution (50:50 in
etranblf wiliea Inaynival sutfur level of 4.7, pH 7, was diluted in water with the HEPS ‘

concentration at 1%. The copper was immersed from 5 to 15 minutes. The changes in weight

due to the formaticn of the polysulf ide film are shown in the followmg table.

- ,';‘3,;: @}E 3 .” e E ?- LTRT I
1 0.1424 0.1452 0.0028 1.97%
5 0.1430 0.1565 0.0135 9.44%
15 0.1484 0.1603 0.0119 8.02%

[0078] The copper sulfide layer was removed and the weight loss due to the sulfide layer is
shown in the following table:
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tn:, 4t WF~ g In ~" eight ° .,:,; snag Repent;, 1% ~4
a' 5 0.0982 0.0979 -0.0003 -0.31% 10 0.1072 0.1059
-0.0013 -1.21% 15 0.1413 0.1381 -0.0032 -2.26% 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

Exa copper is less at the |ower pH Exanple 5

_% 77l This anpl e shows the effects of a co-sol vent
[ co%m%ts afhot SXeTrle RELSTgIAMXE BISENICrAGH POUREOEMRER. The
maﬁerdo[masawadmswuﬁee uie)ﬁihtpkﬁ above. A hydroxyethylpolysulfide solution
(561¥€ [?Oéw m(lﬁﬁo' ctsjnlllJ {a%ﬂsﬂﬁ.ﬁ&l p%iSJqus ?”Lﬂ%et h ?rﬁ.{li&bthe HEPS
coheeniratien ah@isih Tmomawumﬂmm Hio tit mibUtes Tiike changes in weight
du@%’@\%rfuu oh BFtﬁéﬁ Juf @Rim aFeOsrﬂoﬁm ‘étf&ﬁ:wm I%hanges

= “r.ﬁm; ““% J il
a 1463 r. 0004 nr
147 1452

o o o P o o i g S
0. 1603 19. 0119 |8. o@%5f30078] FAtS8copper 0PGBS i de | ayeR67%

was renoved and the welght 1oss due To the SultTrae

10458 5 FisShopPpi i Tayer Was mopad 89 S6eei n S5awPE g the copper was

re-@ze[l;ﬁéd_ TI@e BS@B: coﬂaﬁer@vé@ﬁiﬁh dﬂleléﬂﬁ reﬂo@é) bﬁthéﬁoﬁye’ﬂﬁﬁlme @yer

] AV

I.eanedl asdlccus%?é’d‘-Sl n lexafité | abov@m?—\m T -7%
1yo|r OXyEThyT pcl ysmmande SOl DIH:BUEH SU ahzE N ¢t nanab k%

M 1§ || ct,]5IU||| ||u.| Ql\,lo I \,V\,I 7 pILI wi \:Avaf d: ! ut q?u
Ln.water withlthe E-"S concen%rat on '%‘POGZS% The *1T%
copper was imersed from5 to 15 m nutes. The changes

Exkit réeight due to the formation of the polysulfide

II'mare shown in the follow ng table
[0081] Th;s example shows the use of a polysulfide in a completely aqueous medium. The

copper foil was cleaned as discussed in example 1 above. The copper was immersed in a
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.

01375 | 00888 [ 00517
10 04109 0.0808 -0.038 32.53%
18 0.1408 0.0945 20,0463 32.68%
70 0.1276 0.0865 0.0421 732.00%
25 0.1436 0.0873 20,0563 39.21%
30 01395 0.0734 20,0661 47.38%
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141.141 ~y "a: WVWNor .e ~ g i~bA+ 1t1 ~j' rjl 1

0. 1415 0. 1463 0.0048 3.39%' 5 0.1339 0.1365 0.0026
1.94% 15 0.1459 0.1498 0.0039 2.67% [0080] The

copper sulfide layer was renoved as discussed in
exanple 2 and the copper was re-wei ghed. The loss in
copper weight is due to the renoval of the copper
sulfide layer. {4a?~ | ssl i.l~~ I~l;;.~t "h .~t.

i elseJ ~4 yy~av. .~ .. CLAIMSC ,,-.... ",k", i't
.. oo .o~ dre.. it ~11 .t .. 1 0.1415 0. 1404
-0.0011 -0.78% 5 0.1339 0.1306 -0.0033 -2.46% 15

0. 145Whét id 3Rfnedls006 -4.11% Exanple 7 [0081] This
exanpl e shows the use of a polysulfide in a conpletely
aqueous nedium The copper foil was cl eaned as

di scussed 4 it :
n"a T b ol o AR bRy o Sifars R et aRit T it ation of
wat era sgmidondugiondenice, thesiurny beingebmpfiset. of, pH 5. 3,

from m nutes. The anges in. weight due to

t or ey Pulfr Bartieldnitund apde PP elin Bl o Wprp ghfide

f ol | ovliergn thalshifur-Beafing e@ppsundus i didelfide sr polpatfidelding the
renmoved as discussed in exanple 2. The copper loss a
consiSHBFUWKl e, fraction of its original weight due to

the formation of thesgaokygul fide layer. la" | t~~~J

jt tit7 tha L # _+~~~Fl~y~1n 1"V- r y ~~[ nl40s i

- #!  avherein R argl Ry ar@ itglependgmiy ar0orgH1id or B@rgdoipomdioty and x is an
0.11 -0,,039 -32.53% 15 0.1408 0.0945 -0. 0463
Oz B BB ©240°0 0355 -0, 0491 - 32,999 28 0. 1436

0. 08BRoptdnAIHG 3 ligaRl idér, 30 0. 1395 0. 0734 -0. 0661
-47.38%. 18 CLAING, .What is clainmed is: 1. Aslurry
usef & ORUI]Ya AR PXIdiZiNg agenty f ace of a wafer suited for

f abr iyéioRANyY tnorganic polishing particles,
€) optionally, a chelating agent,
f) optionally, a buffering agent,
g) optionally, a passivating agent,
h) optionally, surfactants, emulsifying agents, viscosity modifiers, wetting agents,
lubricants, soaps, and the like,
1) optionally a stopping compound to increase metal polishing selectively, and

J) optionally, a co-solvent.

2. The slurry of claim 1 wherein R; and R; are independently an organic
motety that may include hydrocarbons or functional groups such as a hydrogen,
amines, hydroxyl, carboxyl, halogen, sulfonyl, alkyl, aryl, alkaryl or combinations
thereof.

3. The slurry of claim 1 wherein R, and R; are independently an inorganic
functional group selected from an alkali or alkaline earth metal salts or

ammonium salts or combinations thereof.
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a sem conductor device, the slurry being conprised of:

a) sul fur-bearing conpounds capabl e of converting

copper to copper sulfide wherein the sulfur-bearing
conpound is a disulfide or polysulfide having the
structure: R S-SX S-R2 wherein R, and R2 are

i ndependently an organic or inorganic noiety and x is

an integer fromO to 24, b) optionally, a liquid
carrjer, tie My 8Nahity1 whBrefithe pSlyBAfAIR I1‘1‘5/‘£ll'o§i§/ethy[polysulﬁde.
optionally, inorganic polishing particles; e

optionally, a chelating agent, f) optionally, a

buf f eri ng , . 0Pt} [V

) ot | onBr ity of hinPERHEIA ¥ R BRRT & B RnBAERLb e of
Vi scamiveyingedpger & soppeedul fidechaa g eotcentratiantfrane 8190$0% to 100%.
soaps, and the like, i) optionally a stopping conpound
to increase netal polishing selectively, and |)

opti @nal | Yhe dugPoBahiMEN twhedoin tHRGnérkaniE Yolhing paitibles are
wherein R, _and R2 are independently an organic _noiety

t hat seheeied fram S WadPo E&PpdirsoRA, FRIRHET Cerhanateycatiyy salts,
such - WEqF hydr oxyl, carboxyl,

hal o agﬁ?t’assﬁ%/a?%%gﬁﬁtagf y {‘!’?‘g‘*}ew , al karyl or

conbi nations thereof. 3. The slurry of claiml

Funchi onal G umhoLdrEL| BaCRRIT B LpaRet I E kal i ne

earth nmetal salts or amoniumsalts or conbi nations
thereof. 19 4. The slurry of claiml _wherein %h? L.

pol y&ul f i angtrodyfapesiifyinadsuses ela ypfgesuited forthe fabrigatiqp of 2
of CliBniulBRI&Ii doffprisb it aGRIE Ng conpounds

capable of converting copper to copper sulfide has a
concent r adi on proyiditg 99afyseropridngs firsemaniel kiving asusface

LT, Ly Tt A5 B ALY A U e

carbonat e, cersudatesalthsfirst gaterial;, silicates and

:)IHt iagl grent I gﬁl c%%{ast?nl% Ig%ec%ln ‘ma en%‘ of thmglwrg]fe]r' w%epro?ilsl%né Iaa?d
having polishing particles fixed on the polishing pad in the
presence of a working slurry of claim 1; 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.

9. The method of claim 8 wherein the polishing pad comprises a slurry and a
polymer pad, the slurry comprising a plurality of loose abrasive particles
dispersed in a slurry, the slurry contacting the metal layer of the wafer by the
application of the polishing pad.
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8. A nethod of nodifying a surface of a wafer suited
for the fabrication of a sem conductor device
conprising the steps of: a) providing a wafer
conprising a first material having a surface etched
to forma pattern and a second material deposited over
the surface of the first material; b) contacting the
second material of the wafer with polishing pad

havi nf- pol Thernethodefk cliiol 2whereingle Grst materiabis asdilaefrip supterial
int . ' yr of claiml1; and

c) re gtt?%/%&;wn%\i}%aﬂf E‘éﬁﬁ%@g\ﬁ%r O%ll_ i shing pad while

the second material is in contact with a polishing

pad til exposed surface .of the fer is planar .
and conpri iﬂ%m &*03 gggllmnb T ﬂ?f’f“’%@?%ﬁ'@ﬁ" CQIpILses a barrier
mat ernhyr céVing iR dibRarie materhesed second material. 9.

The nethod of "claim 8 wherein the polishing pad

conprises a slurry and a polymer pad, the slurry
conprihsi n Rhﬂ[

dis pe1 r2 s edqi'hﬁ as dadrf{rc;%{m% g)hgﬁ% ﬁﬁlg B%g'ﬁ ? %’f ﬁ%&o?ﬁ%&ﬁwgtn}ﬁtal

| ay erseleéted fremvihé group yonsisting ay fitanta, istverpdlutniverm, tungsten,

pol i shi pad. . 20 10, The nethod of claim9 wherein. ..
Phe. Fifimt Gpafpitads, hgoier nibuds, Gglind e, LR peide, ilca,
SeCOngﬂéa,t&%il@ﬂrs théregf. cONducti ve material. 11. The

nmet hod of claim9, wherein the wafer further conprises

a barrier layer covering the dielectric material. 12.

The 5! h o‘i"h@ In[ea oﬂio;ﬂe: en(l: P@a{e?élﬁ] hi %B%?@llneﬁtqyzﬁ& is Hiséll gto remove

conductive ne rom-t he oup consistin

of t theabradeq cappev arlfidapartitlesim tungsten, tantal um
tantalumnitride, tungsten nitride, tantal um oxide,
tungsten oxide, silica, copper, or alloys thereof.

13. Jhe neERREhBA of LRInTY WHeRSt Sltasdhidfdialibh RAREE W assist in
water is used to renove the abraded copper sulfide

par t fappessulfide remiggal feam the voercuepen. 9 wher ei n

ultrasonic radiation is used to assist in copper

sul fide renoval fromthe wafer surface. 21
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