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al | oy CHEM CAL MECHANI CAL POLI SHI NG SLURRHIWMWW COPPER SUBSWS“@FFS [ﬁz
. BACKGROUND OF THE | NVENTION (1} Field of l,‘ n. to This inven i%
concerns a chemi cal nechanical polishing slurgydncluding a conpl exing
anment, at |east one oxidizer, and at |east one abrasive. The slurry is
notable ~n that it does not include a filmform ng agent The anounts and
types of oxidizers and conpl exi ng agents are selected to maxi m ze polishing
whil e mni mi 2VYR§”#KE depth of any passivation |ayer on the s"@&'é‘ﬁ“’glgé"“ :
surface The chem cal mechanical polishing 15 slurry of this invention is
useful for polishing netal layers and thin-filns associated with

semi conductor manufacturing. Mre parti cllHH y this invention concerns

t hree conponent chem cal nmechanical polishing slurries that are especially
formul ated to polish nultiple netal layers and thin-filnms where one of the

| ayers or fi1m 1o CAOTHENRE £D m%%m@ﬁ POLISHTNGSRY/ORGOP. * C00002"
2) Description of the Art r i of mllions o
active devices fornmed in Op%ﬁlt«“@is? @EE@%@§TW§§OI ve devi ces,
which are initially isolated fromone another, are interconnected to form
functional circuits and conpqQnhent jces are interconnected through
the use of well-known multil dbA%EK reorReeta P¥onnect i on
structures normally have a first layer of metallization, an interconnection
| ayer, a second |level of netallization, and sonetinmes a third and
subsequent | evdl) Bieldwfitht knveatioen. I nterl evel dielectrics, such as doped
and undoped silicon dioxide (SiO-), are used to electrically isolate the
different levels of 30 netallization in a silicon substrate or well. The

el ectrical gonnecti ang REIMRECHLIAELE EREmicA rﬁé&@ﬂl@ﬁz&oﬂi%d SUR Sindh&ngBde

t hrough the use of netallized vias U S. Patent No 4, 789,648, "which Ts

i ncor por at ed heweiptexing aget et daastegnedasloer, bebatdeantedrieatrasivd BheSslErrPis20041aNO

991 47618 PCT/ US99/ 05968 2 . for pr ring nultiple netallized | ayers and
metal | ized viad®FHft i&A5F BP0l R o Wﬁ‘arﬂﬁsﬁﬁ%‘ﬂs A Lges R ar e
used to form el@gtcbmpRking QBEHRE hre QBIStBET RSO hEIFRBNARE InARinigNe R ath
devices formed in a well. The netal vias and contacfs nmay be filled W th

vari ous met al s dridy @hssopson hyeuen Hg substraie wARgeTiDhe chérmigali mephavital ipdBshing N) |

tantalum (Ta), alum num .copper .(Al - | um num,silico Al = Si co r
(Cu), ;J ung(;sf%n S?‘\r/%y) Orn de%ﬁ’BP Hsfaf‘fe&ﬁ)ﬁ'f H@l’sgfﬁ muﬁinaéﬁ%?{glfsa?“ravé@éﬁlghédsﬁoﬂf{%g‘gt s
-~ general |y enpl oyitidBendédR6EON nladYREtuSHE NMSe baidNAMul fvdndien (cbhddmaniéor
titanium (Ti) to adhere the netal layer to the SiO substrate At the

contact |evel. omponeiteseoiall mpehenigdtpolishingasleries that are bepeeinllyr fargwjstesy ent
the filled met oli?tpﬂul%b%r?ét‘%lﬁme s%ﬂﬁ&ﬂiﬁ-gtmst»%elenon%%?thse g’efsgér}%@lg gsrcomptgilsed

manuf act uri Ng process, I"zed vias or contacts ar y a anket

nmet al deposi ti of chppdrenedofyyer aoresiging altdy mechani cal pol i sh (Clvp)em@)ljmlmi“m@!”m

typi cal process, via holes are etched through an interlevel di
(LLD) to intlerconnection lines or to a sem conductor substrate

adhesi on | ayer 51::2 ﬁ‘e%cxtii g.ammmrg_ri de and/or titaniumis general 'Y*%%r ned

over the ILD an =~ 5 the etched via hole Then, a netal
filmis bl anket depdatetrckdonenitd ire nadbepiodmillianyef aaivd deviceyt forhédkinvdraorhol e.
‘Deposition is continued until the via hole is filled with the bl anket
deposi t ed met al SUSORARDsyRte; Hdeagivwsdevieas shich gre igitialicigolpigd ERENQICANOHEE R cal

interconnected to form functional circuits and components The devices are
25  interconnected through the wuse of well-known multilevel interconnections
Interconnection structures normally have a first layer of metallization, an
interconnection layer, a second level of metallization, and sometimes a third and
subsequent level of metallization. Interlevel dielectrics, such as doped and undoped
silicon dioxide (Si0O,), are used to electrically isolate the different levels of
30  metallization in a silicon substrate or well. The electrical connections between
different interconnection levels are made through the use of metallized vias U.S.

Patent No 4,789,648, which is incorporated herein by reference, describes a method



- polishing, (CW) to formnetal vias. Processes for manufacturing and/or

of vias are disclosed in US Patent Nos. 4,671, 851, 4,910, 155 and ? %ﬁimﬁ%

2u In a typical chem cal nechanical polishing process, the substr% 65
" placed iii direct contact with a rotating polishing pad. A carrier applies
pressure agai nst the - backside of the substrate. During the polishing
process, thewagand table are rotated x while a downward f QiGaRIF9%505968

mai nt ai ned agai nst the substrate back An_.abrasive and chemically reagctive
solution, commonly referred to as a "slurry” is applied to the pad 2,
during polishing. The slurry initiates the polishing process by chem cally
reacting with pf E% £ﬂ1Aornnbmblagn&9m¢e°dhs¢ers IREnRelliRIVRG RNALERS filfs In a
facilitated by the rotational novement of the pad relative to the substrate
as slurry is ptoildrdeanen tnhfel warﬂtem paa@l wsm éo flate @mm@hmgmcgomﬁohetmg@d in
t his manner untll t he . de; € {l ﬂ’ nsull ag, removed Th urry
Compostt1 on | SUgiFORERT He et dsyiPer oAb AR OB BeL A AL SRS
choice of the &xﬁleamlmgvaﬁg@mqetamﬁd A3 M RlingPREniOh NET), Héﬁfum nlﬁm@h frmoes

the polishing slurry can be tailored to provide effective polish |ng

met al | ayers amntdiesi (Ea), plummisini ngpper qABCSE), RlEMPOO2sIONIAAI4YB 1@ pper (CU)

PCTI US99/ 05968 3 rat es ,whi nim.zin urfac erfectjons

def ects,  cor r STHITR. ERLGTGHoR Fsrihon ot Mo Yo s s B el Ribjobe
used to provi dg &heis®kdyedsues!as Shidkim $8HES (TN tan@&r tRar@idd §Ti)t B danére | e
materials used in current integrated circuit technol ogy such as titanium
titanium nitrideablayertthahe Sk Sbstapd cal Hy @WRchIvE!s Hieraglhsdion kyersaccost ai n- an
abrasive materi,. such as si a um n ended in an oxidi zi ng,
aqueous nedi unf' %6#10%%?@%prelf”é%hep@[egmet%n@@& E?rﬁa(i“é’DYu et al reports a
slurry congagi ni ng alnumerh@mxctam:!rc&gqaarﬂ%mqhd%m@m nRhdINRA PR AS@nkiBisOdre
anmoni um hydroxi de that is useful to renove tungsten at predictable rates
with little refeoued b}Oﬁ bltuhi@t mntibdetppsmen blibwsdibnt IChﬁmlt&iyrEDhiiIiltﬁl Retse (EMPY

S, 209,816 to Yy et c oses slurry rtS| n~ erch acih d.

Py o<xen per of PN ATIPE SHFG. HAPSEH V6 HAFGITSEn A OEET REMPUAP ¢ ha
is useful for mlmoﬁhédﬁtsmxﬁéswwaanuc&dﬁ’@ebemsm%at84&e%7Qtm@am%ﬁnhy@rtsu@h

di scl oses a tungsten polishing slurry conprising approximately 0°1

pot assi um f er r e atridgARd(extiraniua § esnefgly dormegerverthe LsP|and i @W@tefbmtassu um
acetate Acefic e

Pat ent No @%g zfg civxa ege?héen[ l?r?tglg\[m 1s%§asngés_t' %%oﬁjl’ed%%)r fR& &Jﬁa ? ra%d

. al um na abr a5| 108 thie [Vi:L g1 UDepositionis hntmued uiitll Ghe MiatholeCis filled wagahd Blaaledtds
and deioni zed water U S. Patent Nos 5,39 t, 258 and 5,476, 606 di scl ose
slurries for pétiogkidnges! colipalyi tthe srcaretagtal alsdrenaved dywahemical naedhareal an
aqueous nedi u i herate
of silica reno Olfgl%éls(her )Q%F hh‘{“%gl‘é u??clgjcg%% wrﬁgs}%ﬁ?{r‘fﬁgi%w% apptfl gdatl ons
are descri bed nm dHclSseFdahehs Meeent Bloy. 4,672,351 04, 01 33 and et 94d|836 U S Pat ent No.
5,354,490 to Yu et al., U S Patent 5,1 S7,876 to Medellin, U S Patent No
5,137, 544 £8 | vl edeln 3 Bpicghehepcs! preraicaiNeplishiog groses. thy wheEaeds Blpcefriar e
are various ne [ & oBLaiqor oa S fraces
25 can be poli gﬁ%ﬁ Cgﬁ@ﬁd\k’?lﬁlra ??gagnﬁ'ﬁgﬁér@t’a aldsu‘??%&ﬁﬁ&&be po i?h’é gltu{sh?ng a
slurry in whi chadksidelnf the aubistai®m iBuringtthd polisidg iprocets die prd 2ad titée ge octesd

“ proceeds by nechanical re al of netal ggﬁrtlcles and their dissolution in

the slurry. |n"8fieR dovwpserhipres s maiffaingd,agpinst thegsubsiEtebadh A PSHSAYE be
slow i n order tcﬁ’enﬂé’a‘ﬂ&‘#e%ﬁ@e fbth?tmnngom\‘ﬁbrﬂf?&erpédetfo%raeq urfrt?@ h@?%ﬁl@a kS elfRagever,

one where a thin abrad ayer Is continuously , reaction
bet ween t hesmetdatingspoiklace ’ﬁ}mdslmmemmateﬁﬂreepabdlmg)pmess biy mherh»ealkyl razatiyg suhh as
acoaneX|n~ae n/origjr rmn ayer et% abradahl e | ayer 0
3 S E P 2002 e eing polishe he po 1shm0 roces s facx itated by the rotational movement
of the pad relative to the substrate as slurry is provided to the wafer/pad interface
Polishing is continued in this manner until the desired film on the insulator is removed
The slurry composition is an important factor in the CMP step Depending on the
30 choice of the oxidizing agent, the abrasive, and other useful additives, the polishing

slurry can be tailored to provide effective polishing to metal layers at desired polishing



- WD 99/ 47618 PCT/ US99/ (6968 is then renoved in a controlled manner by
mechani cal action. Once the nechani cal pohshin<, process has stop@)écﬁEﬁ 2003i n
_ passive filmremins on the surface and controls the wet etching process
Controlling the chem cal nechanical polishing process is much easier when a
CWP slurry polishes using this nmechanism5 Efforts to devel op copper CWP
slurries are ¢ dinthe literature The RPI effort (J [ I d et
al, Elcct rcheﬁ]rofdég?ﬁgot ential N c~ctsr rrenprrt~~ dtrrirr~~ %?@sﬁgsﬁcal
Mechanrcal Pol tsluna of C~oppc~r Thrn Frint.s, Mat Res Soc Synp 337, 133
(1994)) is focused on the use of amoni um conpounds (anmmoni um nitrate,

chi ot de, hydr gl dedcN il AC e BNGL AW A0LASYE Qopper, dhpsghilbhon of
3 run/mn (as nedsured el ectrochem caIT@e) I's assuned’'to proceed froma
filmfree surf @&aghdmbies hthagpdligiias slungWwererbe asel tepgoligd dodtrbled pPokshigss of
400 nm m n The di screpancy is explained by inmportance Gven to the

nmechani cal act iSgJeEUVtSF A9 R euthnetégm mgteriglgiveerl inscurrRah infegsated wieHibiecknglayi on
Selectivity fagtors.. Viven. al, Chenrrcal-IlI~lc~chcrrncal
Pul r shrng of Cglf)%ear% tl?‘{rnfwﬂgl?a e NP”edgaél!,TH%rl%%eedi ngs - First International
Chemi cal - Meghani cal TRgsitilsICNIEWBshingr siVki& édnBlin Mubbrhdi@vightedinll &k @ EIREL droN
Conference (ClV1IP-MC), Santa Barbara, Feb 22-23, I(:FI 996) di scl oses using
a CVP slurry i nbimigh sespandedriy apgyiessi saeeuschghiem Her gkample.d) SpppteatNoj n
conbi nati on w th, an-i,nhiPj to th - r WRPAR

sur f act ant (polsy“-%t%ﬁ?'ﬂqgn\g‘! tEth é/lcg%%ﬁgﬁdﬁ ‘g%?ﬁlng%{m?%eaﬂgﬁ%amx‘g%}o%?%B%Ft% i“gg’ "lmsd
apparent |y conteitidr]l pstaB3iun?@r aarirosdioeh i Igdraxideathaoris agefan tb ndaimbivd atingsfen! mn
nanely Cu-BTA, with surtactant undermning its protectiveness. Selectivity
to oxide is giBEHlicaPle sates witly ligle remoygd Q@Hg@:w%lﬁ% iastlatiggrigveat SenBeeeh

| aboratories, i 105G k [ | ' rt r
Shrrry Chen’rr% st ?h%gi;g,mi'ﬁ?r?& %oﬁsc ?%%ﬁlﬁ% ﬁglbp?gi%émrﬁg arcggﬁgﬂ%%gxppg%) Kgrvgs
the use of el ecihdachelld stirayivd matehial nuadagesiual medianh agitelsi gkl obr 20lighing
plausible slurries. In addition to several others, potassium pernmanganate
is used as a sldHMPBx U Fatent 13445 T0mdpdishiet alt digalosesa engsieg aplishwerirical
Poli,shrrrg of C o , ar : : J rul rogen
Per oxuk.) Pr ocecegllgﬂggé -Aphlﬁ)rxgrﬁé[%%foeﬁl[atp F%%%&@gﬁc?%g{?g h@%@#ﬁ%ﬁ@ EOTVF%&
(CWP) for VLS1/defentVsilita bed @btabsnireracemareectticerr acid Go nideed ne ebuffeiVitzdvbB) at
Santa Barbara, Feb ?2-?3, (1996), and Japanese Kokai Patent Application No.
S ( 1996) Si% 750PWXURAIEEESa nixture of :lycine, hydrogen 0 3 S E P 2002
WD 99147618 PCTNS99/98968ent No REROXUEE, BB St hil QRcloWs b @y Wrhiidtn using
benzotriazole) for the ClvLP process of Cu wth a | ow corrosion rate and
defect |evel Thiumief ebresicessindisjchaive withasulfoht. Pisicurnd ecetit ncids pod deibnigeda

hem cal t, h tri d, n- bei - h | hyd | am
Form o prot ect | VEST 1 0N dHRbatey PRLo CABLAI" PATs GreEatms Ehasiehndr { e
concentration ofonplobite ¥f PG WP REUBRZAMadiRbes RbdikAUabHaENE PartiBiSs

reported, with TiNrate of 30 nmfmn and dishing of 200 nmacross the 1 pm
wi de struct ¥ esandrantahion sdiphgeniodls gl ratsiof pcasigiovalat@berymilipgngssluries s use

i ncl udi ng passivatin~, .agents such. as. triazol )., Jt.has b

i Scover od s natih RO epplRAERS BedtiteR? e Y B R Er L VR P R
-produces a surfpgetNd. 5138huehtd Bu ¥EAlY U SFafhaNb § 051 88 feabaincal S @gtenon of

t he abrasive, nmaking renpval of the surface filmdifficult Furthernore, the

degree of passiNatd. bi7.344 te i Medelmpanddé:St Pept Not. 848y 3 toCewrit ol  maki n~~
aut omati on of substrate | i shing process ifficult, Lp addition, BTA
dinder goes. oxi dat T ve TS0 A0t oh MRS 3BT Biel o kD B P

oxi di zer hags a dn whgylishddsefubklupit | THeeméthiadurfatdTirdag baBJRUEIRE tUsMgNDslurry in
useful ness These properties of passivating agents, such as BTA, neke it
difficult to us®highapies iy ipHaet formeshia svhiet @ge thebrrpeess BECRs Py rregshanieati bl e
manner. Despite ' L f Iy: [ Matin S | BN

form ng nmechani rse%?%dc%&?B%%léléi?n%ttﬁé?!(ja‘srg?r@?r%]ds%ﬁrsg%[%eiﬁ%thtah&l%g?%}“é ?n;
CWP slurries théefemidab dkkdlgidnOraZo st bolslowhi bilie kh@sSid Obvett tehifas A viddre Ng

| ayer of filmforned as well as problens ensuring that the filmfornmed is
abr adabl e ThesePisfeHBH enpgshanasm ise SAVEVAnORs WhETR Gr Hhith 2bradgbie layerr isj coatinuqusly
exhi bit unacggcep | Lshi i shi results .Thus, a
need renai n§8f o?oﬁe%?gcﬁ% bgtlf:u ﬁgr? t}{eg%%glpg{)ﬁagggéd ?) g% r%? r?ﬁg&g P rgﬁlbl)r\lleél '8 ﬁ%ﬁi n
passive |ayer oglugy suash & abmpleund aeat ardng afidg dodadnd lagdd] ahk Yhio BbrhddleSbiyek ace
of a copper 2, alloy containing substrate A desirable CWP slurry wll
exhibit food thin film polishing selectivities and sinultaneously give

pol i shed substrates with m nimal dishing and | ow defectivity 03 SEP
2002 WD 99147618 PCT/ US99/ 05968



SUMMARY CF TFI E | NVENT10N The present invention is directed to a(ﬁﬁgﬂsﬁﬂ
mechani cal polishing slurry that is able to polish netal contain
substrates at reproduci ble and acceptable rates In addition, the chenlcal
mechani cal polishing slurries of this invention have |ow insul ator
polishing selectivities while exhibiting high polishing selectivities
towar ds coppeyo gemmopper all oy containing netal |ayers Furtiefg®b8s96s hi s
invention is directed to methods for using a single chenical 1u nmechanical
polishing slurry to polish netal |ayers and particularly copper or copper
-al oy containing layers in an integrated circuit In one enbodinent. this

invention is 3[5 ‘E{{'éﬁmeﬁ%l/eo”ﬁx%%&t&ﬁlkd ﬁﬂ'nhe?mwrhxecﬁ&rﬁéal Mct-nrd”'le éhé&r fr¥ b ﬁ%rh'&?s an

abrasive, at |east one oxidizer, a conpl exing a~, ent sel ecte romthe
~~roup of conpmlsidss pmkasmaagtoqapw a chimpasdive ﬁhm:tanuanraomdt;he tsenfdcarand caotrals
suceinic 1 ~ acid, nmalonic acid, oxalic aC|ds nd salts .

t her eof The sit ‘?r“ﬁf‘cf&cé‘é“vnﬁ‘tOCFSﬁCIGB‘émgmh 1'ﬁl‘ C?‘Ef?‘ﬁ"iﬂn‘@e AUFR ROHShiRoPIREESS 1S
enmbodi ment, t hj;g.1i RYENLK@ ERIPA| \%ﬁ%ﬂh@ﬁés TRENRDhcAlanRR | Shing slurry The

slurry i ncI udes an abrasive, an oXidi zing agent selected fromthe "roup
consi sti nv of hydr cﬁﬁmsperd@xeldgecoppere@b/ﬂﬁwdnm@am qhmimsd chethe drechtume X Tue P!

thereof, and t arl acid 2u The c anlc ollshlng slurry has
a pH of from a %‘vﬁﬁ’tﬂge@a %?‘146(@1?6’(“’? 8"1‘7{’4’ %‘F‘Fﬁ"?’r’””a@%ﬁ’f*” 3

present in the Ec';/y bdhaplchl o S;J’?BP%WEFW (VRS REQVRRL ' 32
met hod for poI(;}z ’:ﬂngAg sagsftraf)e ?hc%(d g at[ ea’ggt or%e rrgt Fg@ér ‘
Polishing is amom@l%};hsdfoblyseachn nheng;r: dfrmmuaimmtcoﬂnp@uxtds (@baidhiukd nlravei ght

percent of an abra5|ve m .about 3 to about 15 ht -2, er cent of
an oxi di zer, d&bmr% g, elalca?atsluﬁn leﬁ%ﬁlgﬁﬁevep&%m digplugpt pELER e

conpl exi ng“age(ys,m@mre@ea@ayoéﬁgnmw s WY Qo2 B0R £ AR Rl

polishing slurry No formng aj ent is added to the slurry Next
chem cal nechabkolching p:nbs sbhwagersdrelrerpyrtedstoatmpm pedsst @ 40hamguias tThatdecepahcat
(east a portion of t | ayer is renoyed from tr teb

nmet al the sub
bringi ng a padSicie! 6‘“&%"# URROTANEHE YO LAy TE é’ﬁ‘%al éﬁﬂ’“n’g’\ﬂ“‘rﬁ‘é e §E| “ﬁéﬁ‘ Bn
rel ation to thg.suRSIVALLS solu\()@nggélél&f@ﬂt§fapglH@%&’&Q&%S 0 3 SEP 200 In yet

anot her enbodi ment, this’invention is a nulti-package system useful for
preparing a chem caQ heo Pﬂml,cé'herwgdrfr/b’m/mnwsll Bolrshrighel Qeppterr ipackagd/ayst em

I(:(r)](r:l![ ;?ﬁ:raé%irr}g?t Ceaié}x al N 1rrsti f?l?ezlrrllja%iog ChefidaP kﬁe)él!la?llca] ﬁg Rt(Cm f%r S\%Sci/q.dSI
Multilevel Interconnection Conference (CMP-MIC), Santa Barbara, Feb 22-23,
(1996) discloses using a CMP slurry including a very aggressive etchant, Fe-nitrate, pH
1-2, in combination with an inhibitor (benzotriazole), a slurry stabilizing surfactant
(poly-ethylene-glycol) and alumina The chemical reaction is apparently controlled by

20 a formation of a corrosion inhibiting film, namely Cu-BTA, with surfactant
undermining its protectiveness. Selectivity to oxide is given as 15:1 to 45.1
CMP electrochemical work at Sematech laboratories is disclosed in R Carpio
et al, fmtial Study On Copper CMP Slurry Chemistries, Thin Solid Films, 262 (1995)
The reference explores the use of electrochemistry in the fundamental characterization
25 of plausible slurries. In addition to several others, potassium permanganate is used as a
slurry oxidizer.
H. Hirabayashi et al, Chemical Mechamcal Polishing of Copper Using A
Slurry Composed of Glycine and Hydrogen Peroxide, Proceedings - First International
Chemical-Mechanical Polish (CMP) for VLSILSI Multilevel Interconnection
30 Conference (CMP-MIC), Santa Barbara, Feb 22-23, (1996), and Japanese Kokai
Patent Application No. 8§ (1996) 83780 disclose a mixture of glycine, hydrogen



- oxidizing went. An abrasive material nmay be |located in a container selected
fromthe group consisting of the first container, the second coqj?gﬁpﬁmzor
a third contai ner DESCRI PTION OF THE C | ~RRENT EMBODI MENT The present

“invention relates to a chemnical nechanical polishing conposition to

precursor and to a chem cal nechanical polishing slurry that is effective

even w t hout q%ggbﬂ%&orning agent The chem cal nechanical|mﬂgéﬁwggm§% rry
conprises an abrasive and the precursor The precursor includes at Teast one
oxi di zer and a conpl exi n~= agent wherein the oxi di zer and conpl exi ng agent
are selected and fornulated in anounts sufficient to inhibit dissolution of

the surface of the.substrate being.polished.1l ~ The c l cal _ne I

ol 1 oht nt st urdg O BRI Y BF op B PR Rl o daf S PR ST SV R

copper al |l oy cogtaksrrdsbnmedtélant ayetEst 1868 0qhat e@recdsh didclsdebstak aCePs eliet ed

fromthe broup including integrated circuits, thin films, nmultiple |evel
senm conduct or s, ingaiEoTdafeer & BEEMICE degsak i Buay fhe bergpriarde ofand he-PeEpyivis
preferred enbodi,nents, of , this.20 invention. some of the ternms r.e used
herein il | be tE hea S AR £ STRARDAE BT e8bersnt ot el U (Al
slutry”), issa ggpeiditg Bh QRBICHn@htritiinSofl SINRPIcoMBoidAR! BanaptinGLs Afe OXildD zer,
an abrasive, a conplexing agent, and other optional ingredients . '.

However, the CMPgliywesregesed. mah TiNchtg@é 38 niimimand dishing o6 ¥nm acrppethel/P

slurry is useful faor polishing a multiple Ievel netallizations which may

i ncl ude but are“ﬁ&?d§§n¥$§$ﬁed to) sem -conductor thin-filmnms, integrated

.circuit thin-filns, lanke §qirsedTpolsHNRY substrdtes @ig sutifsaaesding passivalMe agents

processes are useful. The terns "copper"” and "copper- contal ni-ng alloys" are

used i nt er chang&&blay baegoeiagolg(BiTA)i § has bremdistauens deat easHan g BOFA orig 6f
skill in the, ar a e terns.. t to]mt ; st rates
conpri si ng ﬁ%ye%osptpg'f &%%ed‘%%ﬁg%#’w@%g%gpcegﬁusﬁ%ﬁemﬂé Y’%’)E/@,S V:eg/dg%sfai‘y%l %FJ
and 30 Ta/ Ta~| Caethdhital- dctigpRrofSthaSiradies . made: eMidval BF rie Qfirfidel Sink NEBEIH On

i ncludes at | east one oxidizer. The oxidizer aids in oxidizing the

substrate net al Frshiparorgr theagrares eloPRyption: i5r B Sleprareny adings easy \Wcowrd 7618

PCT/ US99/ 05968 AdidEhafsdtionysl’ OXlilfe Richifl b RABIE: 1" addifo Prepent

i nvention, the oxidizer may be used to oxi e a netal Tayer fo's

correspondi ng oxnddesoes otigudivexegtedaten Jhys, tal sharyi ddmaining BT ARhdigh oxidder, has a

tungsten to tungsten i de, .copper,. to copper oxide, tantalumto tantal um

oxi de. and di’ungr%”muf%ﬁal’%n*‘%uﬁﬁbﬁmg Wé”%%P‘a?gzi“ﬁﬁ”laﬁfen'tTgF? ALPETIES \ifen

i ncor porated i ntQ. o r | ; nts

el i ne it an e e B e R e

tungsten, al um subsyratesid aaeprodunibie mhhreys such as al um nunif copper all oys, and

vari ous m xt ures anchonbi naqti.orgﬁ, t her eof bg{ nechani cal le p%ol i.shi nccrl1 the
I’T'Et aI S tO r enove the FS@gbgtct eélé‘il &Y 8 Uqlw lvatmg agents mna m ormmg mecnanism

in CMP process, there remains problems with formulating CMP slurries that are able to
20 control the thickness of the passivating layer of film formed as well as problems
ensuring that the film formed is abradable These problems can result in film forming
CMP slurries that exhibit unacceptably low polishing rates or poor polishing results
Thus, a need remains for a CMP slurry that is capable of forming a removable thin
passive layer on a substrate surface, and more particularly on the surface of a copper
25 alloy containing substrate A desirable CMP slurry will exhibit good thin film polishing
selectivities and simultaneously give polished substrates with minimal dishing and low

defectivity



The oxidizer used in the CGvtP slurry of this invention nmay be sel ected
from lci conpounds, which, upon reduction, form hydroxyl radicahé iﬂﬁw
oxi di zers exhibit good polishing selectivity towards netal and § 002

" containin~T substrate |layers and particularly towards copper alloy |ayers
Non- excl usi ve exanpl es of netal oxid~zin~ conpounds that, upon reduction,

f or m hydr oxyl ] s include peracetic acid, ureahydrogen L.0e,urea
per oxi de, an ﬁ?%?%g%n per oxi de and nixturgs thereof, with 1 8&@%%%8%%
peroxi de, urea hydrogen peroxide, and mixtures thereof being preferred-

- oxi di zers. The oxidizer may be present in the chem cal nechanical polishing
slurry in an anount ranging fromabout O 3 to about 30 O weight percent. It
is preferred that the oxidizer is present in the CMP slurry of this
_invention in an anmount rangi ngSEMNARNOOF PIE NS ENTI@POUt 17 O wei ght
percent and nost preferably fromabout 1.0 to about 12 0 wei ght percent. In
anot her enbodi nent, the oxidizer is urea hydrogen peroxi de. Because urea
hydr ogen peroxide i E 9 r.oXi . 1% ur e

g cater ampunt by wepaReSet iny DAl SPERPRIIE AR AR R BT 1 e
slurries of 5t hissabRaoipakginhé@ncohainiubstentdsheregasiutierd 10X acbeg@ble raagli ng set
forth above. For exanple, a range of | .0 to |2.0 weight percent oxidizer
corresponds to a ur Baaddien gbn clirarenkimtehanealgpalishing sleragsrdshigsnygnden have fr om

3.0to 360 meo%bxtng\ggtg)gﬁglﬁ%uené sg('vg}\r/zt% 2\;\; e &G0 %“Lﬁsﬂﬁgg%%‘r 1%09 %crti(\)/ iggt ngalr; xi de

can be fornula{ed S Tnc i i u Xi de

with water, andofpgr eduppengiod@onttiamgandal el ogen per oxi de in an aqueous
solution in a nole ratio range of fromabout 0.75. | to about 2.1 to give a
urea hydrogen per oxFHéhesoe. s inventipngs dirgcigd toguetheg foopsimpa gingle chemical

“PCT/ US991 05968 : . Cl I LS jnavent | differentiafes
itself f rot§ of ﬁgl?améle}ﬁpéi[lﬁlrnr’i SZJST@ tg)n}!él&%ps{gggl g%%:@ anrgapﬁiﬁp[%plglcglp P?ere(gr %Joé)ﬁérul
for polishing abppentdidiyelasersimartib@tratdd oito@s not i nclude a separate film

formng agent in addition to the oxidizing went Exanpl es of such separate
filmform ng aj ents!t RB¢ eEPeIBAIL tY TeEiAtiRE demsasmneshgpisalgrolisiing sigrry

i nvention incl | ] i..daz i I

bengi m dazol o g “ema i rEa R taRe 3 Ruthe pIHART s cHRRELMY bBER Bhrec g
from t he precutwer thandos of compampobicludiapitad adidi IacticraeR tdrtifici adidpkekeid 0
avoid difficulties eEFountered,in‘ ontrolling the depth _ of and subseduently
renovi n t hé?colfifsig “Icrﬁﬁ’doic’c"?ll‘fgaqlcgsyé?"é’of Woend pyltssipepht &he siupyrdoenitlg a;

ents lo Durin~k,&herigaloimaba,cal polishtn<x, ~t is inportant to inhibit
di ssolution of the substrate®surface layer in order to mninmze surface
def ectively One cl ad$samftharembodimdst, toumdertion ba chsmicallméchardairpolisbing clormyi t h

oxi di zi ng agen tp cantrol surface disspl.ution are cgonpl exing agents
Usef ul - Compl exi 16 *HEBRTSCFie e Bt Shee Roteis fEist O TATOYS Soh s
citric, lacticofhpdrbadd foroBHE Giddi idrod6S bérexiddTBh® HiGurX Hetedr 3NE At HE cidS
acids and salts thereof such as amoniumtartarate, as well as amno acid
and amino 20  The chemical mechanical polishing slurry has a pH of from about 5 0 to about 9 0.
however, no film-forming agent is present in the slurry
In still another embodiment, this invention is a method for polishing a substrate
including at least one metal layer. Polishing is accomplished by admixing, from about
1 0 to about 15 O weight percent of an abrasive, from about 0 3 to about 15 0 weight
25 percent of an oxidizer, from about 0 5 to about 5.0 weight percent of at least one
complexing agent, and deionized water to give a chemical mechanical polishing slurry
No film-forming agent is added to the slurry Next, the chemical mechanical polishing
slurry is applied to the substrate and at least a portion of the metal layer is removed

from the substrate by bringing a pad into contact with the substrate and moving the

30 pad in relation to the substrate



. sulfuric acids i.f salts. Preferred conpl exi ng agents are I
acid, citric ac?‘%&’%ﬁ%é\i c acid, and m ~.-tures thereof with taF'%‘Qﬁgg)’oggg?d

~ being nost preferred The conpl exi ng agents séfve to forma conpl €3 yﬂptjmjzt he
oxi di zed nmetal and not the underiyin<~ unoxidized netal thereby limting
the depth of the oxidized |ayer 2c~ The conplexing agent w, || be pres in
the OVP ol urry of thi s AERPTh TR hrABaIR PG A P ay-BH SBoU0 ‘Fopblo
about 5 0 weight PesGERY a ciiMdcdd GRERARAI P61l ANTORNR tmul R PEHKASE k@M indhaiet 2 0
~ to about 3.0 weight percent. It is desirable to naintain the pH of the
CWP slurry of thi diritropetairieonnohiding m camplanige agént fandra seoond ceht@ndrocoatposing an

.12.0, preferably between fromabout. 5 0 to about 9 0.2, and. nos ref erably
from about 6.5 { o OSIGIE B | W GPBHC FBIPACTT tedp @ o Bm e akeleiem e
process Sl urry shandljng,psaRl oefrirﬁeh@rgkdcomw hid Rc PRI bRRInBY oM Bidd K ndRingD! ers
are encountered when the pH™of the CWP slurry of this invention 1s too |ow,
e.g., less than 2. Wien tartaric acid is selected as the conpl exi ng anent,

the CWP slurry will have a ahaoy Ci | ust a hi gher
| evel is necessary. 30 The @EEQIUB Q%O%TEHE&‘%%%M@M. on may be

.adj usted using any known acid, base, or am ne However, the use of an acid
or base that contains noerRéht in®dhBion relflesdron Ehdhdd WA HE8AS composition
PCTI U599105968 -10- such ‘as anmmoni um hydroxi de and anmines, or nitric,

phosphoric, sulf urpresursor and anthemanel mechanieal polshee sy ttht svadieckiversverodlbimg

undesi rabl e netal components intg the | slurry of . this invention In order
to pronote stabil ifﬁf_&%}?m“%ﬁg%{“ O\J%escgffply%yRB?cl}‘W?%_pPlr‘f\’?@ﬁtsfu(S'H REPII) ‘Ws‘{%ras’ve
settling) floccul ahijqpe pRdrsdeCaBYPédut@n inchid¥@bl REY dAf RREAPRAE 2 PoMlpRxing
slurry additives, such as surfactants, stabilizers, or dispersin~_= agenfs,

can be used |f a sgeftawhemsin fhs eidiead and edmplSR adenr pig, seldseed and formulatedeinan

ani oni c, cationic,_ _nonjoni apphater,ic s act ant a.conbi.nati op  of
feL20 o more sur LR Ot AR RS LRt hER AR o e SS0RE cBRk B e
that the additjson Tfe éneflicad &ﬁécﬁﬂﬁcaﬁ?&ﬂiéhﬁguﬁlﬁf'}uis bRl Gor' pelisERg ti&als, especially
wi t hi n-waf er-non-uni fonn~ty (1~t'1~1,'NU) of the wafers, thereby inprov~n-~
the surface of thecorp§reandagrpperediion icARaREaPetddp ey assoamiefensh 4l substipee saastadt
.of opuonal additiv ch as. r f. e ed .. re
“nvent i on shoul d oy PeRg it e Eb Al drhils, MriuMEubl 198 BrRaRRqs
slurry and w I | typideadféry vary depending on the particul ar surfactant
selected and the 1 ~ nature of the surface of the netal oxide abrasive For
exanpl e, if not enough Bffor desrauingeihesdgaiscefathe vagousspgferred epbofimeatseof this
little or no effec il L i : h n t ch
surfactant in Hw @@Qg%@é rHrg;(/%r%su 'tﬂla? %%H%gs%%%:@l %a@h@%r gﬁd@g?lm
floccul ati on in theedhhnicalypohshig slasy|(tCMBtshiniyl'), Ker ssefiliptvdast ofuthik dofeatidnsthat
shoul d generally be present in the slurry of this invention in. an anognt
.ranging from 2u A BARPTESRMIONTES, LA, 2 RH8iagrt) 2nd e PRF b BERFdieRts m
abeut 0 001 to ab i r he it :
added directly toO‘tlIrs]\gstellr’ut\rp{r@ycgvcbgltrJ S!tar g’?g%jnéggéao@hagﬂ gﬁflp@g%agéfmt Egygehgﬁuggfsde
abrasive utilizi nguiehbvior pelishimgou esiltipte divelheetalliagens thechamey irtclude tatl dhird inve

is adjusted to_achjeve, the desired concentration jn the paqlishi slurry.
Preferred surfatt ac'ff"éeq Wclsﬁ‘a'é"%ﬂ@%@/ﬁ"”éﬁlmsaf“ F5 ‘H# ﬂFﬁ”géP‘B%@%oq“a%P'?—@”ﬂ ﬁ%f”yl
sulfate, dodecyl sgilfsahe s@HIERDWHER TN pri2Bfieddrd LstAGS ThE&r&9 T coppXa iRl eéop%r
useful surfactants include TRITON DF-16 manufactured by Uni on Carbi de. and

SURFYNOL~' manuf actentaning plloyist aferwsedi pterchangeablydwietadssit is-wilifine therinBerstanding obf

this invention include abrasi ve. The abrasi,ve i.s typical.l nmet al
oxi de abrasive Theoﬁpglsg@xind. abit .g]%zﬁt vtge ﬁﬁ?’sp‘ Clg‘ge!’ eb(':‘f éﬁﬂ%ﬁﬁ‘g to, ﬁta?ﬁtrates
i ncluding al um na, cémﬁr%ﬂioalar\]/éﬂsr@)ﬁﬁr@,qcﬂ;@éﬁ?ﬁ:@?@er ShrhinG@, allo9E, | AdAMIT/EL URGS

t heteof The CWP slurry of t is invention preferably includes fromabout 1 0
t.o about 15 0 vei ghw/TaNiC@mgltiEayer 3a¢Braed 991 47618 PCT/ US99/ 05968 - 11-

per cent or mor e of an by ApNPsub o fid B huBh SERBES 1edIURYShatadt e Wi G

aids in oxidizing the substrate metal layer or layers to their corresponding oxide,



this invention | fromabout 3 0 to about 6 0O wei ght percent abrasjve
The nmetal oxide’a é%g?@e may be produced by any techni ques knovﬁ?T{%E’?/Pl%g
s(:illed in the art. Metal oxide abrasives cin be produced using 0Ny E g
tenperature 5 process such as sol-gel, hydrothermal or plasma process, or

by processes for nuf acturi ng. funmed or. precipitated netal oxides
Preferably, the rPérT?r Kid§x PTdans gFOé SKAIRRIG 1B e BrESERt Bh ea Yy ﬂéeo‘?’%ig‘iz‘?fem%}’ntbe W6E &0

preferably it is ﬁ‘J%’W @PERAS 1Y Bs SHFelp@Rink WIRE 0P h{dr6AdOT. 4 WiBuAl TG
For exanple, the p}(l) uctfon _\(?;?? fusrred r%t allnaoglﬁdgs ¥sr a mélé{qgg@\lfm tpr]ocesn?s
whi ch invol ves t heideytingétyisiostundsteawixidabdoppéreedspec kxidapeaitalisuohagsiuincoxide.

al um num chl oride for an alum na abrasive) in a flanme of hydrogen and
oxygen N ol ten pafliayragugto AErY o¥igkerl E&F“d%p%é’sema’rse“%‘} NN iipporppsated
conmbusti on prace kel ter.sy;gf i € g :
par anet ers Thgsesiﬁrrlgl % en séﬁc@? etg pél‘l &aTé\érar%S?\dgd ?)’Ee?asl;ﬁr%ng%dar I%%%g?h?%ﬁ@gﬁ%?m‘
referred to as pritamany npadé, italtgen, thuskemwiitride arepanbgseen, bymimae ragiaigninum
collisions at their contact points to form branched, three ~ 5 di nensi onal
chai n-1i ke a~or e @PESSUFR@S RYPERTHEOPRYSHPYS. £ redk MaGUES At erynbigations thereot
consi der abl ¢ Dur | g, &R0LLRG 8RGO GELIADrertE 1RA ARSI 0O further
collision that may result Fh Some mechani cal ent angl’enent to f'orm
aggl omer at es. Aggl onerHieesxidize sk ingthe CMP BRirdyodaRis Vinteatich tagaichetectey fran
der Waals forces and can be reversed, i.~., de-aggl onerated, by proper_.
di spersion inla sYAMPEYNES. MEha UPED MdEE9i fumelydehEadicals nelchpexidizers exhibut
manuf actured by c entd.enal i C ul:af i .
desired particl es&b\réoéﬁ”asﬁgéqsﬁ%gﬁgpﬁe %ﬁ%%téﬁ%éﬁét eali%?%u%e]ﬁ?:é ofrg{ﬁ Fgaﬂg%éf‘%
concentrations, amdrdsiloly wivaets copgegullaniagerd h&opaextligl e sxartpiesf ofl hemwleekidizing
washed, dried and separated fromresjdues of other reactjaon products by
conventional t echfiTRAEIKHBWHPPHECHE S g’i@ﬁﬁyé‘@xﬁ’lrfa@‘ﬁ& gctude peragetisy acfch W@y
nmetal oxide wll c 43S ly : f o
Br unauer . Pt Enparoeed AL ERpa RS it Al fepkUET Al et
Page 309 (1938) amdircenmmndyde; efarn@dogeo resoxBET and atbgureg thereshi sieingt prefeniéd g
to about 430 n2/g and preferably from about 30n2/g to about |70 nz/g. Due
"to stringent puri?¥%€quirements in the IC industry, the preferred netal
oxi de should be of a MrEhoRMEdtNay ROrElBlinRIY LiekhiddP #RShanRaL pdiRGink QRAY in an
impurity content, from sources such as raw materi al 03 SpE P 2002"WOD
991 47618 PCT/ US99410696 8anghz frompbaout Oile® abnat 30 Gweight pressi fgs poefemed thanths,

is typically less than .1 % and pr bl ss than.0 01 % (i . e. . .100
oo The metar ogttprft e B EMET AR iR TR e enetirinalia 1R Sheay
consi st of mebal 0%ideabddgI BIIHcRht PErckd ¥ infHd@brefek bl BomPAMLE 1 At deLies2 The
term"particle" as it is 5 used herein refers to both aggregates of nore
than one primary paighi pdreenind to individual single particles It is

preferred that the netal_ oxide abrasiv onsists_of tal oxi.de rticles
v neToa size distrs ot o SoBRiRd Sp SRR S o i pLNE BREALELRR

particles are | esgydrbgéeh gerbxidid Braus v "/dih'yldfﬁ%@xrl)eroﬁdéfﬁﬂ%ﬂ@r\w o aredi argRdatdr

| ess than about O 4 nicron and a force 1 sufficient to repel and overcone
the van der 1h' aakmoemrhyexeighsofnen hxudpae reeoxideapusyhe dsludpe irseMPesturgeef this
metal oxide aheasingNa8, R RUA L LoRLFILARE Y Gk AT FLF LOBNL o range
avoi di ng scratching, pit narks, divots and other Surfage I'npertections °
Burin<, polishtn theopantiocieghs pereerdiosidizetdskiesponddtoterephmiBegn penvsadu weight
may be determned utilizin known_ techni ques such as transm ssion el ectron
microscopy (TEM Thee tisghasgreat gafrem diGtodiodsight PEseRlr s to t he aver age
equi val ent spherical dia I ke i i | ysi .o
based on the cross-sec |gﬁ%‘fdﬁgg&gﬁﬁ%lﬁgugegr%{{dggg?%%ﬁ%r%céa%i lge rﬁ%‘g}‘ft?at%%g)f a
ei ther the surfaceumbéestmeahodirindingyadbatingoured péregidefwithheatstaall b9 XcofBining
particles nmust be sufficient to repel and overconme the van _der Wals
attractive fores UrRarand aydropen Reaexdedn ek agusoyssolyien et melearidy Fange offiomiabewit |

the netal oxide atbr—%Sf R i) ?%@beg& m%fa hydrogen peroxide oxidizer.



-di screte, individual netal oxide particles having a primary particle
dianeter less than 0 4 mcron (400nn) and a surface area rangi ng from about
.10 m/g to about 250 n2/g Preferably, the netal oxide abrasive i503 SEP 2002

i ncorporated into the aqueous nedi um of the polishing slurry as a
concentrat ed aqueous dispersion of netal oxides. 25 conprising from about
3% to about 4@%9@/94&?5’ and preferably between 10% and 20, opSpljigdRsesd N€
aqueous di spersion of nmetal oxides may be produced utilizing convent]onal

t echni ques, such as slow y adding the netal oxide abrasive to an ]
appropriate nedia, for exanple, deionized water) to forma coll oi dal

di spersion. The di sper si i ically achieved b j.echi eous
sol ution of netal ogﬁ%gl\/ﬁﬂmﬁﬁ%h%ghe"é\?enér{r?nx&%r%gneagesc%ﬁ%i?ﬁmoégshe'ﬂgymﬂﬁqlgltx@g#hose
skilled in the aad tspdhglyfrdn® TMINguGies RRAS ESH Dol bE ppel lapdr&dn eyt doeoiott he

i soelectric point to a pH of about 4 O in order to maximze colloidal A= 0 3
S E P 2002 WO 981wy @ 1sepanetyfilisdymimoasnt-in addition tosthg giidizing ageat dEspeiesidn i s
typically dilut i dei ORj r..and._o Ly, | i ent ring
O ot urty prepitat B RARE PSR e 2B T e LOHBEMAR'ST oY

. SEM - SPERSE® Wihdntiorf moede ajditicoapslingpelich anintidiaulabinioatdzbly, bahedidazole
Corporation WA35 is a 9 wt% funed al um na di spersion having a pH of about
4 0 5 Although aphéengothiazple &) sgpargtedimpingng agedhts omitied drase ths pgcyreprpsdi sh
any type of netal |ayer,..fhe i . hani cal i shi slurr f. this
i nvention has B@é %ﬂfr?(%ltl%%s Rg\t}gma{’%gﬂlnﬁﬂqgo%éerr?o ¢ ?(gémc}?@rcﬁﬂ af’ 3 teggrﬂuﬁtr%%r?i §1ri de,
and tantal um nicbiedigneaid @paept aml Sutiséfuka U BnRAngSik NBriodibR SinhibitiAd tdyeison,

t he chem cal nechanical polishing slurry exhibits desirable | ow polishin~z
rates towards tferaedibeisenarate Blm-fpsming@penés Layer ' | U The OWP slurry of this
i nvention ngpy be pr e | ' chni - S €&
skilled i nn’@he art ygﬁigﬁ@wt eggﬁicﬁgédzll{rgr@ﬂ%;lte%th@hg%gtstﬁé?ﬁ%ﬁﬁsg htﬁtg)gll (\%e
conmponent s, ar ehdarsutsdtate hidad@nlage Uie autder e dinbtimizs wedfacasdefketiodly z elnedtlass of
distilled water, at pre-determ ned.concentrations_ under |ow shear .

condi tions unt iPTRAEHS (URAIAERHEETY B CUBRIPAtISR Y1 i didpg 9asatsi 18 RO FEER M A
concentrated di i 0 - 15 al ' AS :
alumna, is ad esg&gu?)&t?ﬁrg %é%ﬁrfgaﬁ%ﬁtéi |%%d‘{%g%%@#}é%{“?zgap%ﬁ”%grﬁeg%‘e| of
abr asi ve i n thdinfiledad, aGid¥/dchab itricy lactld)earfaP, sikifiic | 2stiQmaldiéc ratis emt other
invention may be supplied as one package system (oxidizing agent. abrasive,
and conpl exlng %igeand saits sheseofisHeh SATMBRISAEHINAY. 2Fovellvasi Anipe E6id 3nd amwio
slurry degradatd,@fc dddslafd H{E:ﬁ'fs?lfsr afefeiatf ot léx@r@sggeﬁts LY REGKRGE A syat em
is used where the £ rst package conprises t%e corpl exi ng agent, abraswe

di spersi on, andnaenjc ajd.izohalixtardsliheiepfwith wmdri¢ bed s@cpmdstpactkage conpri ses an
oxi di zer Other two-contai ngr. combi nat i ons of the iln reldiéants of the CMP
slurry of this i nvert SAMRIEENGREHIh ST Vet okiRBMA TR 5t Vih dheneiding! BFdl A y
skill in the arfo GeV/andehhd Leskidedtiddid theBNfihi@Re GRNdden bREHLb:ALied 1BYer
conbi ni ng one or nore 25 conpl extng agents with one or nore netal oxide
abrasi ves add dBiecwimpiedingagent vilbbgypresentingké GMPetturfy efthsomdeation mggn@NRuUNt

precursor Formul ating CMP slurries of (this.invention fro sl.urry

Pt eour sor el | m SRS omathort 0y CThadh i Bish BPery e AR At e mapay
wi th hydro;en pgaraxd §6maBsltd NMoBosk!3Ur weight pbRiefit. | S because the oxidi zer |
free CVMP precursor,can al so be prepared ancf shi pped to the location where

it will be used and 1819 depieablenfoxmantainithe Bl obicdC MiPrduragehthissinvdntias wWikdraogen

geC'rI';))l(JISgS / 82 92i8t %néeoqﬂ%o\{neab%u% 18 ALt Y2.0, &ei%ra%ly%eﬁve%gqgomlz\l{)%u?g|O4tg Q& o0

25 and most p?eferaay from about 6.5 to about 7 5 in order to facilitate control of the
CMP process Slurry handling problems and substrate polishing quality problems are
encountered when the pH of the CMP slurry of this invention is too low, e.g., less than
2. When tartaric acid is selected as the complexing agent, the CMP slurry will have a
pH of about 2 0 and pH adjustment to a higher level is necessary.

30 The pH of the CMP slurries of this invention may be adjusted using any known

acid, base, or amine However, the use of an acid or base that contains no metal ions,



- An optional slurry precursor of th is invention will conprise an aqueous

m xture of urea, at |east one conplexion went. and at | east one qﬁg i de
. abrasive Additional ingredients, other than a filmfu: nm wentp QJE
incorporated into the urea containin, slurry precursor A nost preferred
slurry precursor of this invention includes an aqueous dispersion of funed
alum na, a cqu f‘%@ agent sel ected from ammoni um oxal ate, tartaric _acid,
anmoni um t ar tAPAL & BT m xt ur es t her eof , and preferably tartaF?guﬁﬁwamsand a
surfactant in quantities disclosed abo~~e % he slurry precursor or mXtures
thereof. will preferably have a pH of fromabout ~ Uto about 9 0 lu A

muf ti - package CMP sl urry e used wi.th ny st and pol i shi.ng
equi prent  apprHp? a%ua@”\‘)&l”“ﬁgg%ﬂgaﬁ% ABUFS & WHEE-aP qSB%}C 8Lfalhflﬁe°5/\}érfgé’r"c The

mul ti packa<re cﬁé%r@mer&@dwg%oranﬁtrerucm@rﬁd%‘mélnwaameo ﬁsepéa&emrosthbrcwhere

appropriate aqueous or dry formin two or nore containers The nufti-package
systemis usedsrluﬁfofahdsmmen@ont he conponents fromthe various containers in

t he desired am)unt ive CLVLP slurr ris at | east ane
oxi di zi ng agent, geBﬂ Hﬁ’%%ﬁ‘ta%yé}‘l‘é?”eﬁf ] é&gpt rrg ‘gnﬂgiis‘f‘\'/eé‘“i)‘h agppst
anount s desgri Qﬁ%(al?f&&latmn' Qhd H&oHpodhod, hevakibfRorQprbha QUbdfnt QdRives,
substrate The preferred package system conprisés a f| rst contai ner

including a CM?achIasrrsuryfaqmam;wr@drzersonpdrbmmg: agentsi nan beiued, H acompreni ng

agent selected from ium oxal at e, rtarrc acid, .ammoniumtartarate and
xturos ther ettded Bhiea MR St RendnEaEe & pIST GHCN TG TGS o

and a second C%Qﬂa&eror' QC|cHx‘fleatronhycﬁ” R&?%rp‘?ﬂcﬁ?é(' Qeractahist B Fb%' lefi! Ioged_

| ocation, a preselected amount of the ClvlP precursor and a sel ec anount
of hydro ;en pEurthermdereaitehasorden rternhdathat He 4ddmenafl pebrfaivnnmayobegitseéul ao CVP

slurry of this inventian. The CMP sl of ., resent |nv ntron does not

significantfy FGHE? ‘&gé”‘r]'}‘r’éw?fer “Qﬁ“r“ﬁ?f [éji@XJR\B‘ZUEB‘i ﬁ‘§h‘i"?‘fj§“ EEPHORBPENE t he
CWP slurry of 1aissida\vetle \PoFePRli redIR o GARRRE ek tani um titani umnitride,

tant alum and tantalumnitride |ayers at good rates under controllable

condi tions Thus) thie gehrablthe agogit of hpgonahadgniviepsuchsis ef dufgttanehatrare used
controlling polishin5 selectivi tanru .copper, tit nrumntrrde,
_tantalum and PaRf & TRTWTYETGE Sﬁlgégrl? STHEBoI g‘]ﬂ‘i’ %efﬁ‘vre t ‘Zf“ﬁcép B;E d€ent
invention may BErriaed wall nibidallf Gatyheep¥aiid <Dér$zr§t@aec%1a9fsu§§qua@asa @Ad the
integrated circuit manufacture to provide S E P 2002 WD 99147618

PCTI US991 08968natgre of the safficecefi the nmalroscrrierﬁ@raarve déor esamplel if ohi aepughtogs

AL AR R A 91 L Kl N g VR T

abrasive, at | eashe ofher @Xddditd® ucRBELOAAPIEXE TQVRGRRY @by FRAE I ifdetivBRS and
amounts is capable of polishing nultiple netal |ayers conprisin; copper

al | oys, titani fﬁ?fm%’n%ﬂdt/crrtf?sﬁWHﬂﬁﬁ"Pﬂ r heslury amsat tyklAndabilizsrsatugmansefaceatsat
et U Sk R 08 o7 e oSl A0RAL, e
as wel | as aprefesut ecmommtmrﬂsmf orz%rlsy waigmoafpmbferamysfmﬁ abdmtS) aomyeaduo0 |
weight percent Furthermore, the additive may be added directly to the slurry or
treated onto the surface of the metal oxide abrasive utilizing known techniques 1In
either case, the amount of additive is adjusted to achieve the desired concentration in
the polishing slurry. Preferred surfactants include dodecyl sulfate sodium salt, sodium
25 lauryl sulfate, dodecyl sulfate ammonium salt, and mixtures thereof. Examples of
useful surfactants include TRITON" DF-16 manufactured by Union Carbide, and
SURFYNOL® manufactured by Air Products and Chemicals.
The CMP sturry of this invention includes an abrasive. The abrasive is typically
a metal oxide abrasive The metal oxide abrasive may be selected from the group

30 including alumina, titania, zirconia, germania, silica, ceria and mixtures thereof The

CMP slurry of this invention preferably includes from about 1 0 to about 15 0 weight



- EXAMPLE | 15 This Exanpl e eval uates the dissolution and corrosion of copper
in the presence of CWP slurries with and without the filmform ng agent BTA
~The rate of Cu dissolution during the Clv>p process is deducted ggqgr

el ectrochem cal neasurenments Mdst of the el ectrochemi cal data are o gmﬂed
ex sitar (i e. not on the polishing table) 2u using a device consisting of
a Cu rotatingdj lLectrode (wwth a rotator by Pine) and 27 j ost at
W th Cbrrosioﬁﬂg§?€§gre (by EGG, PAR) A pl atinum nmesh electigggg%%gé S as
an auxiliary el ectrode, and a saturated métcurous sulfate el ectrode (WBE)
is used as the reference el ectrode. Electrochem cal data are obtained with

| ected el ectrod t.at i of 500 .94 ni i ith
Che rotator 25 PR Hengiegtandgesin 1 TBREAToUrE HoRR Soraait SEAITEREt h o
down force of 1n2iden®dn ircldddSom Qdﬁ)uf ah$ehAPOVEvdidIe pPRth: aBRAGvEevi ce can

measure the netal dissolution as the nmetal surface is abraded (or polished
on the polishing toolhe gavmiide asasaetreay eprediicethbiThny teohmguies inenaih te those

consi dered to be.an.approxi rat easure of the chem cal rate.durin

ol shi g, whi 1A 1 FB b STHAL RHE SO0Y P A PELASS Gy digh BBAES | on
rate of the yretabedsd @cldi AeBoISdell kMrotid@meRlol YplasRla€ pEdcOGh e V\%algr&cﬁgs%s Foe
recorded as potentiodynam c pol ari‘zation 0 3 S EP 2002 9147618

PCT/ US99| 05968 mdrifacturingcfumedor prediffitated engsalt eurdes al Prefmespty, tireometabovde is0z 2~ V
cathodic to the,open circuit potential,to so odic potential, by a rate
of 10 mv/sec E-RRCGPOTHETRIYS PR, AIPEIPRIEFTY [HS df reg phs’a T AS
used in the sl ufmk@sinwes: ¥ aRRERSE eﬂ“ﬂimeﬁo@legnr&ufcﬁ@iﬁgfﬁh\ﬂdﬁh}@@l SigRes i on,
manuf act ured by Cabot 5 Corporation and diluted to the desired | oadi ng

| evel The coppeveldkssol priocess whithanvolea sherhydrolyisis lof stitabléefe¢dswchgappr ¢such ent
density, was re-lcaJ cul a}Fled i g?ter of tb~/ m ? .and i s | ifa]t ﬁd for gevegal
slurries in raptldmintsy BREqe &roft g S b femt of fivfitogg and oxygen

cor rosi onabr asi P@iter\pd LB 8t Bubidy Al Subeiké MHrMddarttht B Asustien Probk@Zhe
~01ppm Triton DF-16 and 0. 04%. 80 ?BTAZSane as | but w o BTA244 83,

al um na, 2% H-Cliamd@@asfrvhiclx ateataepd B@oyghnardgess par@@gtedDFIEs: matler0sihasss of

BTA4Same as 3 byt w o BT 400603% al,um na % H202, 1% artari.c acid, 3 65%
urea) 50961 1pp#¥‘?ﬂat%rns‘ ar; gxi ﬁdtyﬁ‘cﬁﬁc%é?e/&%%é SRR PN S G BFAL 85024

10 The results shewrtthiatnddigoin@tcsllisibnsCat EietSenthct PRingdid FErnabeandhddethree
abrasion is relatively low using slurries containing only HHQZ (and a

sur f act ant ) 15 asdifsasianp! saipindike paeregatesi vahe Joise t kecexsaryx fod &repls| agsrsgatey | is

s ore of 6,80 ST SRR, SULTREL B By

) Upon addi t i onthapia@resiilt @ neahgehaidahentagienient ®UGHN agelangraes UNegismakaates t 0
the slurries, Cu dissolution rate with abrasion i.s 100 tines hi gher
(conpare sl urry?® Benghnjo beloeseiy held teserhge buraheer Wa's Eoress 288 CAH8% Brveret e

i ncreases from g .g&'édﬁgagé&ﬁerggd%yggﬁgge]ja%pﬁeggﬁfaﬁ’:it%lé meﬁiﬁr m ng went such as

BTA, decreases t i ssoluti ate mn wth abrasion and 1 4
/mn after abrasion, Preeppatet iabebiyes\idylbe tnaantifactiued dyicdnveddonat teghiques sochaand 6,
the dissolution rate of. Cu.with or wthout abrasion) with or wthout
by coagulation of the desired particles from an aqueous ‘medium under the influence of
high salt concentrations, acids or other coagulants The particles are filtered, washed,
dried and separated from residues of other reaction products by conventional
techniques known to those skilled in the art.
25 A preferred metal oxide will have a surface area, as calculated from the method
of S. Brunauer, P.H. Emmet, and L. Teller, J. Am. Chemical Society, Volume 60, Page
309 (1938) and commonly referred to as BET, ranging from about 5 m?/g to about 430
m%g and preferably from about 30m%g to about 170 m%g. Due to stringent purity
requirements in the IC industry, the preferred metal oxide should be of a high purity.

50 High purity means that the total impurity content, from sources such as raw material



-0 3 SEP 2002 WO 99/ 47618 PCT/ US99/ 05968 _17_ . BTA, is still relatively
| ow Thus, with this conpl exi n~ agent, the passivation ability of ihe
_oxidizer is not significantly effected, and the filmformng vver@t33@r2ﬂﬂ2|s
not needed to |limt the Cu corrosion rate. 5 E1AIVIPLE Il This Exanple
eval uates the ability of CWP slurries with and without 0 04wt ~o0 BTA film

form ng went ish various substrate |ayers Each slurry | 0
§egBigh voriovs = o4

, rt HBO , Yotartaric acid) 3 0 ww ~o of SEM - SPER
finned al um na tee di spers~o~1 nmanufacturéd by Cabot Corporation, and ~0
ppm Triton DE-1G The pH of each slurry was adjusted to 7 0 using NH-CH
prior to use Each Clv>l' slur

l.ied to PV fers having,; a
Ti, TiNor Ta (AUEFFSET U %fﬂéol“?‘?%@‘ﬁ it |‘sstPfB‘F[?§'ﬁ85p ﬁgar”i ?% A e bg'g
perfor ated 1 C 1Q00/4L5YBA (y’epqdoglgrﬁyk manuf actured by Ezodel, Inc. at 3 psi
down force, a table speed of > rpm 1> and a spindle speed of 30 rpmand a

back pressure of 0. 8hpsietal Phide pbiasivhiusefuldatiz durey pRoT newhtion gbtasisy of

R
~Per f or mancePer£or fBRGeRa B LR kLN dawf FHokd tW'nT@xQU Pxﬂh V\Elé.r'ﬂgle and to
r at e3000- 8UD03U00- 800U3639 ~/ nmtn ~6600 A/ nt nA/ mi nA/ mi n

(169 6. 6% 9%Setdeddualghgle pariifies ~ and hieherl 8 1Selectively to TiNl 6 11.6

| SSeeetively, 0 Taig Ak dod LS8 X AT SRS 19RO
OU~tn) ~2900 A (hadiRé a%@yd@t]rﬂaggom%eth% hsabi Do MArEM (e =all Slein ‘“ﬁ@@es?\tha&a(w
ADi shing (2U~-m) Q77  ADi shtns (| ~~m) 290A290AEr osi on483 -A1260A ( 16%

~2>j ~400A~ ove rakios h) PesEteOMR rp@ntpadlem@ssah@ about 0 4 micron and a force

odeparticl e/ waf egbuffin r ont in E
8UPETEOSPETEOS 5&6??%8 ?35 6“‘%6"% ?B%Pg ﬁ §@J% COJ%‘—*Wh ai?éQS{VS Eréa?‘éu
m npatterned ~. ¥aferw tduch n@etéltomd@\&bﬂibiee hRYebd Busd el diatiitdia rialishé 8g
perfor mance in the slurries with and wi thout BTA is conparable, and

slightly i nprowediding setashinigupir WWSMW% alﬁwe\m@ﬁaca|ugpﬁrf¢gtlcmsdiuem@§i>bﬁhlrér e
consi d.er ed. . Spé‘%(l%Fg dtstfﬂ]alr[%lon in t%e resg 1Hveént1?? n%ndtgé dgterm J u ilizing

determned in t g Q1 0r Y & conce I'ons of

HO2 and tartarijgod@i @chndduelHudh Qs -Eh@srmsﬁoﬁ e@ctEbrP &80 (9@/\4)761’311e mean
PCT/ U599/ OS968 19 . abrasive used in each slurry was SEi VI |- SPERSEO

W A355 funmed al mmd&adx@mstpereﬁrwp theraverage equavdleplysplerivet digpetgovaes esing AEM

polishing results are repor e i n Tahl r si ng
an | PEC 472 t oof" &% *BVSvit fo?ed orfpe %“’gs S%°“°¥9ba%’ﬂ<3¥§5% Fide By C%%dg?a,“va

pl at en speed of thateith§@the ﬁﬁf&cap&aﬁt\&br fhp(ﬁ@(ﬁ'atﬁﬁn f3fde o te Tadvdl @xidel palifidlsrandst
renoval rateTa renmpval rat ePETECSr ~/ mi nt~/ m nrenppval ratet-~l mn3% al ununa,

2 ~04+O-. 1.2~98% WERGET £a ARReH and30rropmfy By Van agr3Yaals Amaaiiver foress BokYess 796
al uma, J%+0O-~. thqeéo tartaric2acid. 3 6~% urea. ~010243275m Triton DF-162%
al um na, 5%, O~ 0 3% tartaric3acid. 3.6~% ur ea, ~08074081 :~ppm Triton
DF- 16 20 In another preferred embodiment, the metal oxide abrasive may consist of

discrete, individual metal oxide particles having a primary particle diameter less than

0 4 micron (400nm) and a surface area ranging from about 10 m%/g to about 250 m%g
Preferably, the metal oxide abrasive is incorporated into the aqueous medium
of the polishing slurry as a concentrated aqueous dispersion of metal oxides.
25 comprising from about 3% to about 45% solids, and preferably between 10% and 20%%
solids. The aqueous dispersion of metal oxides may be produced utilizing conventional
techniques, such as slowly adding the metal oxide abrasive to an appropriate media, for
example, deionized water, to form a colloidal dispersion. The dispersion is typically
achieved by subjecting the aqueous solution of metal oxide to high shear mixing
30 conditions known to those skilled in the art  The pH of the dispersion may be adjusted

away from the isoelectric point to a pH of about 4 0 in order to maximize colloidal



. The results set forth in Table Il show that the higher the weight ratio of

the peroxide to tartaric acid, the smaller the Cu renoval rate (i a the

~better the 10 passivation) The present invention is a CWP slurryggregpypRor
and slurry manufactured therefromthat has no filmformng went, an

i nstead conprises an abrasive, at |east one oxidizing agent, and at Ieast

one conpl exi CWP slurries of this invention are able olish
netal |ayers |9§g§@g§1t rolled manner by forning a reproduci bIP)F 1{"% fE}O 68

passivating layer. As a result, |ess varldblllty is introduced into the
pol i shing process, the polishing perfornance of the slurry is nore
consi stent and co tro t he s ar

life of the prf)talﬂ 4 |il‘? ﬁ&?P%ﬂi‘%ds ﬁ‘g {)P’Vé e °"i‘4‘? OOd?’f’dﬁgtg ) gﬁ‘?helf

described by rrﬁlan'alems &RREIANS sxﬁﬂfpgﬁs pIRALSE) A oW drkfe@@d M@Q%ﬁa@masﬁmg
nmodi fi cati ons may be nmade w t hout” 20 departing fromthe spirit of

i nvention. TheSEMIBPERSEGeW-ABeht fuaredi slumdta Wdepheion ﬁha&f&tlh‘re@ R}@OQaBAD
991 47618 PCT/ US99105968 -20- . considered as limted by.the description of
the invention &8tPorgianh WTMSHéS %%é’é%fﬁ”é%—’t‘i“b‘ﬁ'“ééisaerﬁ%h%’l“@sa PiHatabost her as

defined by ghe fol |l aw ngc W}?fof S &LéHn%h'n%y beQisdd 1 FolPh%Q}Q fpfbr

CLAIMS 1. A chenical rr-ec anl cal polishing slurry conpris brasi ve;
5 at | east onenexl dhyz:ertheseﬂeend;aedwcfhaomltdmdaskgrmhprycohﬁnssmvengorohaslhee«afdwdirogen
per oxi de, urea perOX| de, hydrogen per.oxi de and mxtures t hereof; and from

about 0,1 to 5MONHE vpigh Cap%n&%wngta&g@nw &1 WE AP TG TRH anG AESRTRDE
conpounds cons o | oni c
‘aci d, succini clt%tgiilﬂ? pgisa I crﬁiggl ggdq)e[llr?lh'ﬁtgg 'é:‘gelng&{l %ecﬁaﬂrcalﬁql%el%éfzél%ﬁyd mlﬁ?ur es
t her eof wher ei deditablesdwmpplyshhasatas phaafs the deedrid os@aungiayemherein the slurry

does not include a filmforn ng ent, and wherein the weight ratio of
oxi di zi ng d8ent to dBAPH¥KI ﬁl@r%g@gfhlﬁ dNVERRAY 812Vt Prakrasiugsd “?’”‘ 1epngentipp

chenmi cal ”ECha’E'éc%g gldogﬂ' ti?_gho%klé (illed ﬂfth&&‘f" g}# M@e{hﬁ"ledL 2 Smng)ﬂtl%g

agent is tartaric he chem cal ch olr's urry of
cl ai m 2 wher ei mobdakratiae tampeneas| ereimsixgd eﬂ;@am agueoas namnmnsuqhazn;gdamgua‘edmm 0,

5103y O 20 e o & The chem cal, rechan cal_polisi na, shurTy
R
17 wei ght pér cemgtal ogide Abwbieerisoetl asfenthaliioamb. ipadded i thg medumrandelgnged itstheg: 30
an abrasive; desired loading level of abrasive in the final CMP slurry.

The CMP slurries of the present invention may be supplied as one package
system (oxidizing agent. abrasive, and complexing agent in a stable aqueous medium)
To avoid possible CMP slurry degradation, it is preferred that at least a two package
20 system is used where the first package compnses the complexing agent, abrasive

dispersion, and any optional additives, and the second package comprises an oxidizer

Other two-container combinations of the ingredients of the CMP slurry of this
invention are within the knowledge of one having ordinary skill in the art

CMP slurries of this invention can be formulated by combining one or more

25 complexing agents with one or more metal oxide abrasives and deionized water to give

a oxidizer free containing CMP precursor Formulating CMP slurries of this invention

from a sturry precursor eliminates stability, shipping and safety concerns associated

with hydrogen peroxide containing slurries This is because the oxidizer free CMP

precursor‘can also be prepared and shipped to the location where it will be used and

30  then mixed with an oxidizing agent such as hydrogen peroxide on site to give a CMP

slurry



.03 S E P 2002 22 an oxidising agent selected fromthe group consisting of
hydr ogen peroxi de, urea hydrogen peroxide) and m xtures thereof)ﬂ agg
tartaric acid, wherein the chem cal nechanical polishing slurry 9 PaZUBJH of
from5 to 9, wherein the slurry does not include a filmform ng 5 agent,

and wherein the weight ratio of oxidizing agent to tartaric acid is greater
than 5.0:0.7 chem cal nechanical polishing slurry of I

wherein the O)\(r\|70d9|9;_|q§198 agent is hydrogen peroxide. 10 8. The Sﬁims@a{%m
mechani cal polishing slurry of claim) 6 whérein the oxidizing agent i$ urea
hydr ogen peroxi de. 9. The chem' cal mechani cal poli shi ng slurry of clainm 6
wherein the 1,5 tartaric. a rese%ftellnthes i.n an anount. rangi ng

o5 to 30 wai domioRtufiy SrBurSre eh Brsmon Sl EhiRfitan Sorsaisye

slurry of clairg Qir\é@eﬁtele'astt B&e %&ﬁﬁ%kx}{ﬁ aber®. &{d Leask: 8RE MBLAbxA¥! MRasivi0 11.
The cheni cal nmechani'cal polishing slurry of claim 10) wherein the netal

oxi de abrasi ve Ackilts:exhlemglezdleﬁnsomhtrhharga tﬁlulpfq maok gerigmay beiimarpareted anto the
germania, silica, titanic, zirconia) and m xtures thereof. 25 12. The
cheni cal nechaﬁiriaa?O“bWF’i‘%ﬂFrﬁijp@F‘ﬁFq of claim6 wherein the abr asi ve is an

a~tieous dispersion ofg,a4 %&@he@muﬁﬁ Bes&rsoTh@f ahenerlioBenanl cal oushi ng

slurry of claim 10 wherein the net XI de abrasive consists of rre al oxide
aggr egat es havidigeaioni afefud@d dilusting, bxud:annﬂmlneys;emthatectbd(frmm aromnéan oxalaean
aggregate dianeter.less than 0.4 mcro E P 2002 23 14, The:

cheni cal mechartFeHi® 561 ARFICAYTSPUFAT S HETSD R PET D H AR b e

abrasive consi sf g,ftaf ﬁccftﬁhﬁaes'dﬁgl'o\o‘éddéb%le ”?E@Llu%'p@e%ux%@h%F %ﬁxtﬂ?e‘é'tﬂ&e@f
primary particle diameter less than 0.4 mcrons and a surface 5 area

rangi ng from 10vitiprefetably 250e avpi gf frars. abd’Lhe 0 ohbkent®dl nechani cal poI i shi ng
slurry of cIa|m6 wherein the ahrasive has a s rfacs area ra from

me/g to 430"/ g. x0" TBINPHEASHEME S ThYERERTA AT 16T iME i 1y Séa}”gf‘rrdyp%‘fsh‘&? ai m

6 wherein the %ﬁ%ﬂe\&?a r?at§erLﬁ€%nath»e@e§PrEd fn{e@erm r BB Ak (arel 7OrHElhgh- 17.
The chem cal nechani cal pO?I shing slurry of claim wherel n the abrasive is

sel ect ed from tpekagecupenondidss ongoomopr @dP plurat edpaherds inv esewr apborfrianed
abr asi ves. . . : .
aqueous or dry form in two or more containers The multi-package system is used by
combining the components from the various containers in the desired amounts to give
15 a CMP slurry comprising at least one oxidizing agent, a complexing agent, and at least
one abrasive in the amounts described above, prior to or at the time of the slurry to a
substrate The preferred package system comprises a first container including a CMP
slurry precursor comprising alumina. urea, a complexing agent selected from
ammonium oxalate, tartaric acid, ammonium tartarate and mixtures thereof, and a
20 surfactant at a pH from about 50 to about 80 and a second container including
hydrogen peroxide. At the polishing location, a preselected amount of the CMP
precursor and a selected amount of hydrogen peroxide are combined at the time of
polishing to give a CMP slurry of this invention
The CMP slurry of the present invention does not significantly increase the
25 silicon dioxide polishing rate However, the CMP slurry of this invention polishes
copper, titanium, titanium nitride, tantalum, and tantalum nitride layers at good rates
under controllable conditions Thus, the CMP slurry of this invention is effective in
controlling polishing selectivities of titanium, copper, titanium nitride , tantalum, and
tantalum nitride layers The polishing slurry of the present invention may be used

30 during the various stages of semiconductor integrated circuit manufacture to provide



. 18. A chem cal nechanical polishing slurry conprising: from11.0 to 15.0
wei ght percent of an alum na abrasive; from1.0 to 12.0 wei ght percent
hydr ogen peroxide; and 20 fromO0.5 to 3,0 wei ght percent tartar03d $&i¥0?
wherein the conposition has been adjusted to a pH of from5 to 9, and
wherein the slurry does not include a filmform ng agent) and wherein the

wei ght ratio @l JIuedi9gen peroxide to tartaric acid is great ef*c*ﬂ@é(}vo@%@ 0, 7.
25 19. The chenical nechanical polishing slsurry of claim18 including at

| east one surfactant. 20, A method for polishing a substrate including at
| east one netal |ayer conprising the steps of: 30 (a) adm ~cing) from1.0

to 15.0 wei ght of a [ T Qi A7 -0 wekght: of
an oxidi zer seleggétgﬁrﬁorhgfﬁﬁ Eteﬁég%pg‘ﬁﬁgﬁsh‘d‘%&‘g Ehge ?8’8%\722{8? \éﬁ%?slﬂa%g&gmsur ea
hydr ogen per oxiadédefacrea per oxi de) hydrogen peroxi de and m xtures thereof,

fromO0.1 to 5.0 weight percent of at |east one conpl exing agent, and
dei oni zed water to give a chem cal nechanical polishing slurry wherein the

slurry does not contain a filmformng , and wherein the weight
rati o of oxidizer to conpl exi ng agent ERARMEL 55r than 5.0:0.7; (b)

adjusting thhe pH of the slurry to a range of from5 to 9; (c) applying the
chem cal nechani cal \pol ishing slurry tq the substrate; and 10 ( r.enovi ng
o)

d)r
at | ease a portion ofctRe AEcarered s filyfArRRg-agetdiscat MM jlury iiagrdieg &t pad
into contact w r j L Lel ati
substrate. 21. l%‘%te%ﬁgta 'ﬁ%ﬁ%fa ?iﬁ%gqu%ﬁgﬁgggp E%ﬁlgggﬁgg%ﬁao?esb?&nﬁ E}' égg%d
copper 15 al | oyantantsaisntapgble ayfepolisRidg nlligpleratdiddlagdrs ddoaipasid@ wdppeeiabodshe
substrate further .includes a titaniumand titaniumnitride | ayer wherein at
| east a porti orfgFURhend WP TAtEde artkilA ard Atdienidpent highy extesy BAIlS n

step (c). 2 2Se.xh-l'gng“_,%f)@g%ecql(,it\p,lﬁgjagggﬁ%e\eg?ﬁqgje@ t he chem cal nechani cal

polishing slurry 1s & I tot ore the pad is placed into
contact with the subBterfatiewin?zxadplesTifiestraet prefdrred embadime® ofhikis énventibre as

oxi di zer is hydr orgen per oxi de) urea_ hydrogen peroxide and m xtures thereof.
25. The net hod Wf aé|%Ffmr%bmﬁme%fphuwr@gwwsagﬁvﬁmY%ﬂﬂfJartari c acid. 30

26. The nmethod of claim20 wherein the chem cal nmechanical polishing slurry
has a pH of from5.0 to 9.0.
EXAMPLE I

15
This Example evaluates the dissolution and corrosion of copper in the presence
of CMP slurries with and without the film forming agent BTA  The rate of Cu
dissolution during the CMP process is deducted from electrochemical measurements
Most of the electrochemical data are obtained ex situ (i e. not on the polishing table)
20 using a device consisting of a Cu rotating disk electrode (with a rotator by Pine) and
273 Pontentiostat with Corrosion Software (by EG&G, PAR) A platinum mesh
electrode serves as an auxiliary electrode, and a saturated mercurous sulfate electrode
(MSE) is used as the reference electrode. Electrochemical data are obtained with a
preselected electrode rotation of 500 rpm (or 19.94 m/sec , maximum) with the rotator
25 and the electrode in a contact with an abrasive pad (with a down force of 1.2 kg or 59
psi) or raised above the pad.
The device can measure the metal dissolution as the metal surface is abraded
(or polished on the polishing tool) as well as after abrasion The abrasion value is
considered to be an approximate measure of the chemical rate during polishing, while
30 the measurements following abrasion give the corrosion rate of the metal in a given

slurry  Typically, electrochemical data are recorded as potentiodynamic polarization



.0 3 S EP 2002 zs 27. The nethod of claim20 wherein the abrasive is a
metal oxide. 28. The nmethod of claim27 wherein the netal oxide ¢$ g§?M? IS
5 selected fromthe group including alum na, ceria, germania, é
titanic) ~irconia, and m xtures thereof. 29. The method of cIa|n120 wherein
the abrasive is an aqueous di spersion of a netal oxide. 10 30. The net hod
of claim29 wheheifd he metal oxide abrasive is selected froprtRydsRdP
consi sting of precipitated alum na, furredmalunlna preC|p|tate silica,
fumed silica, and m xtures thereof. 15 31. A nethod for polishing a -
substrate including a copper aIon layer, a titaniumlayer and a titanium

nitride |ayer i r 1.0-4Q,

alum na, from ‘E:ngp{ Va%n%(% é\(gémﬁ t(r:lg%'{] aﬁ[pdlr o(gegn(%péég(%%\gg) QP‘E O@?’ggg%t 3.0
wei ght percentpb&hﬁﬂﬁdﬁbMﬁmﬁdmc@bdmdﬁl0ﬂaﬁﬁdoMEMQVhE® give a chem cal

mechani cal 20 polishing slurry wherein the weight ratio of hydrogen

peroxide to tart arl Eagqfdhg %!UFQIF%%t‘taé{atqdﬁlﬁﬁ a5?1“700 .0 Bheplymiar aped inrike depprer
alloy to titani I#§P€ﬁ%E®ekﬁ§55¥' Jd&pm$ess %Qfgﬁnggy(ﬁmgéb)

adjustlngthec ani ca poI|S|ngsurr

25 (e) appl yi n@otr;ktﬁazcdaemdcamutéaew@m @&fire@Qbddsldi RYelS h‘l:lé ph® difiRIsiuRShteat e;
and (d) renoving at |east a portion of the copper alloy Fa er and at | east
a portion of tmeeasyredyiitiyuthel deyiee anmauragnt [deEssy. vaasgg-rctllpldﬁte@m terres of Aamn env
nitride |ayer ontact with the substrate and novi ng
30 the pad in Yy LD PBAL, Lo 20t B L D03 58 5p A

nuf ti - package system useful for preparing a chem cal mechanical polishing
slurry conprising: (a) a first container including a conPl exi ng agent

sel ected fromthe group consisting of ci Table Iaci d) lactic acid, tartari c

aci d) mal oni ¢ @Trdy—5—succt Ib aci o, ox%3 T anino
therZaof and ni xtures thereof"Pb) a secongf’ ‘rsﬁoxli'tﬁoé m(‘i‘bﬂ’ﬁrl di 9 05'0"
oxi di si ng ageni sellect ed from the gr oup | cons?PFIA AMI ea HydFse Eifter
peroxi de, urea|peraxide, hydrogen peroxide and ni xtures therleoftbrasied)| .o
(c) an abrasive_|lodated in a container selected fromthe grgup édmgl stilng
of the first contai|r’és aldrwea.s@tomtiOgondai ner, or a third container; wherein
the nufti package Symtelntdo®s-oindomodaiin a fil m4.o&rm ng 02
) BTA
2 | Same as | but w/o BTA 24 48
3% alumina, 2% H,0,, 1%
3 | amm. oxalate, 50 ppm Triton 96 14
DF-16 and 0 04% BTA
4 | Same as 3 but w/o BTA 2,400 60
5 | 3% alumina, 2% H,02, 1%
tartaric acid, 3 65% urea, 50 96 11
ppm Triton DF-16 and 0 04%
BTA
6 | Same as in 5 but w/o BTA 240 24
10

The results show that the rate of Cu dissolution during and after abrasion is
relatively low using slurries containing only H.O, (and a surfactant), as the Cu surface
ts passivated with Cu-oxide (slurry 2). Additions of BTA to H,0- result in additional
surface film with Cu dissolution rate with and without abraston in a single digits (slurry

15 1) Upon additions of a strong complexing agent, such as ammonium oxalate to the
slurries, Cu dissolution rate with abrasion is 100 times higher (compare slurry 2 and 4)
than in peroxide alone, while Cu corrosion rate increases from about 5 to 60 A/min
The use of a film forming agent such as BTA, decreases the Cu dissolution rate to 96
A/min with abrasion and 1 4 A/min after abrasion, respectively With tartaric acid,

20 slurries 5 and 6, the dissolution rate of Cu with or without abrasion, with or without
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WITH BTA WITHOUT BTA
Performance Performance Performance Performance | Performance
Parameter w/TiN w/Ta w/TIN w/Ta
Cu Polishing rate  { 3000-8000 3000-8000 3639 A/mm 5600 A/min
A/min A/min
Cu WIWNU 47 (15%) 5.6% 7 9%
Selectivelv to T 1 5 and higher 181
Selectivelyv to TIN | 15 ] 1.5 1
Selectivelv to Ta 131 121
Selectivelv to TaN 71 81
Selectively to S10. | >100 1 >100 | >100 | >100 1
Dishing (150um) | 1143 A
Dishing (100pm) 2000 A (13% | 850 A 1100 A
overpolishing)
Dishing (30um) 650 A 1200 A
Dishing (20um) 377 A
Dishing (15um) 200A 290A
Erosion 483 A 1250A  (15% | 255A 400A
overpolish)
Post CMP particle <50
count (no oxude particle/wafer
buffing) (with 0.2
micron
threshold)
Cu (in EIO) on nd to 80
PETEOS
PETEOS surface < 030 nm rms
roughness (using AFM)
Tune to clear <4 min
patterned  wafer
with | 6 um Cu
5 The results show that the polishing performance in the slurries with and

without BTA is comparable, and slightly improved in the slurry without BTA when

dishing and erosion are considered.

EXAMPLE Il
10

Removal rates of Cu, Ta and glass were determined in this Example using

slurries with different concentrations of H;O, and tartaric acid, at pH 7.0  The
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abrasive used in each slurry was SEMI-SPERSE® W-A355 fumed alumina dispersion
manufactured by Cabot Corporation The polishing results are reported in Table 3

PVD Cu wafers were polished using an IPEC 472 tool at a down force of 3 psi, a back

pressure of O 6 psi, a platen speed of 35 rpm, and a carner speed of 30 rpm

Table I
Slurry Cu removal rate | Ta removal rate PETEOS
A/min A/min removal rate

A/min
3% alununa. 2 5% :
H.0.. 1.25% tartaric
1 acid. 3 65% urea. 30 2396 434 77
ppm Triton DF-16
3% alumuna, 5%
H,0.. 0.7% tartaric
acid. 3 65% urea. 30 1023 432 75
ppm Triton DF-16
2% alumina, 5%
H,0.. 0.3% tartaric
acid. 3.65% urea, 50 307 408 133
ppm Triton DF-16

[ ]

(F3)

The results set forth in Table III show that the higher the weight ratio of the

peroxide to tartaric acid, the smaller the Cu removal rate (ie the better the
10 passivation)

The present invention is a CMP slurry precursor and slurry manufactured
therefrom that has no film-forming agent, and, instead comprises an abrasive, at least
one oxidizing agent, and at least one complexing agent. CMP slurries of this invention
are able to polish metal layers in a controlled manner by forming a reproducibly thin

15 passivating layer. As a result, less variability is introduced into the polishing process,
the polishing performance of the slurry is more consistent and controllable, the
polishing results are good, and the shelf life of the product is increased

While the present invention has been described by means of specific
embodiments, it will be understood that modifications may be made without

20 departing from the spirit of the invention. The scope of the invention is not 1o be
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What we claim is
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5 ¢ast one oxidizer se]ecte from the group consisting of urea
hydrogen peroxide, urea peroxide, hydrogen peroxide and mixtures
thereof; and
from about 0.1 to 5.0 wt % of a complexing agent selected from
the group of compounds consisting of citric acid, lactic acid, tartaric acid,
10  malonic acid, succinic acid, oxalic acids, amino acids, salts thereof and
mixtures thereof wherein the slurry has a pH of from 5 to 9, and wherein

the slurry does not include a film-forming agent, and wherein the weight

ratio of oxidizing agent to complexing agent is greater than 5.0:0.7.

15 2, The chemical mechanical polishing slurry of claim 1 wherein the

complexing agent is tartaric acid.

3. The chemical mechanical polishing slurry of claim 2 wherein the

tartaric acid is present in an amount ranging from 0.5 to 3.0 weight
20  percent.

4, The chemical mechanical polishing slurry of claim, 1 wherein the

oxidizer is 2 compound that forms hydroxyl radicals upon reduction.

25 5. The chemical mechanical polishing slurry of claim, 1 wherein the

hydrogen peroxide is present in an amount ranging from 0.3 to 17 weight
percent.

6. A chemical mechanical polishing slurry comprising:

30 an abrasive;
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peroxide, urea hydrogen peroxide, and mixtures thereof, and
tartaric acid, wherein the chemical mechanical polishing slurry has
a pH of from 5 to 9, wherein the slurry does not include a film-forming

5 agent, and wherein the weight ratio of oxidizing agent to tartaric acid is

greater than 5.0:0.7.

7. The chemical mechanical polishing slurry of claim 6 wherein the
oxidizing agent is hydrogen peroxide.

10
8. The chemical mechanical polishing slurry of claim, 6 wherein the

oxidizing agent is urea hydrogen peroxide.

9. The chemical mechanical polishing slurry of claim, 6 wherein the

15 tartaric acid is present in the slurry in an amount ranging from 0.5 to 3.0

weight percent.

10.  The chemical mechanical polishing slurry of claim 6 wherein the
abrasive is at least one metal oxide.
20

11.  The chemical mechanical polishing slurry of claim 10, wherein the

metal oxide abrasive is selected from the group including alumina, ceria,

germania, silica, titania, zirconia, and mixtures thereof.

25 12. The chemical mechanical polishing slurry of claim 6 wherein the

abrasive is an aqueous dispersion of a metal oxide.

13. The chemical mechanical polishing slurry of claim 10 wherein the

metal oxide abrasive consists of metal oxide aggregates having a size

30 distribution less than 1.0 micron and a mean aggregate diameter less than

0.4 micron,
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10 16. The chemical mechanical polishing slurry of claim 6 wherein the

abrasive has a surface area of from 30 m?/g to 170 m?/g.

17.  The chemical mechanical polishing slurry of claim 6 wherein the
abrasive is selected from the group consisting of precipitated abrasives or

15  fumed abrasives.

18. A chemical mechanical polishing slurry comprising:
from 1.0 to 15.0 weight percent of an alumina abrasive;
from 1.0 to 12.0 weight percent hydrogen peroxide; and
20 from 0.5 to 3.0 weight percent tartaric acid wherein the
composition has been adjusted to a pH of from 5 to 9, and wherein the
slurry does not include a film-forming agent, and wherein the weight ratio

of hydrogen peroxide to tartaric acid is greater than 5.0:0,7.

25 19. The chemical mechanical polishing slurry of claim 18 including at
least one surfactant.

20. A mecthod for polishing a substrate including at least one metal
layer comprising the steps of:
30 (a)  admixing, from 1.0 to 15.0 weight percent of an abrasive,

from 0.3 to 17.0 weight percent of an oxidizer selected from the group
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22. The method of claim 20 wherein the substrate further includes a
titanium and titanium nitride layer wherein at least a portion of the
titanium and titanium nitride layer is removed in step (c).

20
23. The method of claim 20 wherein the chemical mechanical polishing
slurry is applied to the pad before the pad is placed into contact with the
substrate.

25 24. The method of claim 20 wherein the oxidizer is hydrogen peroxide,

urea hydrogen peroxide and mixtures thereof.
25. The method of claim 20 wherein complexing agent is tartaric acid.

30 26. The method of claim 20 wherein the chemical mechanical polishing

slurry has a pH of from 5.0 to 9.0.
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nitride layer by bringing a pad into contact with the substrate and moving

30 the pad in relation to the substrate,
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wherein the multi package system does not contain a film-forming

agent.



