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CHEM CAL NVewigssil4@gis POLI SHI NG SLURRY -1- USIPETIUS8965968PPER
SUBSTRATES 5 BACKGROUND OF THE | NVENTI ON

(1) Field of the Invention. 10 This invention concerns a

chem cal nechanical polishing slurry i ngquiEng a conpl exi ng- agent, at

| east one oxidizer, and at |east one abrasive. The slurry is notable
in that it does not include a filmform ng agent. The anounts and types of

oxi di zers and ¢q i ect [ I 3 |i shi ng
while mnimzing t h& R dlgl‘%%ﬁ@&h&@@ﬁﬁﬁé glrim%ubst rate
surface. The cheni cal nmecbhUSEEUL RORsCOBPER SIUBSHRATESI s i nvention is
useful forg polishing metal layers and thin-filns associated W th

sem conduct or manufacturing. More particularly this invention concerns

t hree conponent chem c@BACKEROUND @Tﬂmmﬁ FION es that are
especially fornulated to pol1sh nultiple netal Tayers and thin-fil s

where one of the layers or films is conprised of copper or a copper

cont ai ni ng al *ﬁé‘; IéO; ! ; ‘(2] Description of the Art.

I ntegrated ci ! € *of mllions of active devices fornmed in or
on a silicon substrate. The active devices, which are initially

i solated from one another, are i nterconnected to form functional
circuits land conp@hisningentiofheondems e sheanieal 2Bechanicalr palishingt sldrry tihclodigp a t he
use of well- knovyn . mul til e}fel I nter, onnecq,t]aié ns, L nt a(@a\]aﬁ:onnect I on
structures nofSRPIFYING agentatigastpng oxidizernand at least oneahragive. Jthe slurry is notable

| nter connect | fyhhei Yoes RoSHERAE al MitSHonhe ML) | THAhGIhts 34l ARIT RREzcRs
third and subseé])gsén? l'evel aof met al fgiragat lon. | nterfg{?/&ejlt I e ec.ﬁfr%fcs,
such as dopedamhcbmplexipgdgents aresselectedrto dnamide pohshigewhild misimizing eé depth
electrically isolate the different |evels of_ 30 tallizatjon in .
silicon subst pEeny BRssiyatipn layatn hesslbeiresd| oefasn s QB Figebpcal pofﬁshmg
different J nt GLA9NIehIS' MlertioH 5 SsdP iPishig M) afiGs URE et HUsbdckteh

vias. U.

with semiconductor manufacturing. More particularly this invention concerns three
component chemical mechanical polishing slurries that are especially formulated to
polish multiple metal layers and thin-films where one of the layers or films is comprised
of copper or a copper containing alloy.

20
(2)  Description of the Art.

Integrated circuits are made up of millions of active devices formed in or on a
silicon substrate. The active devices, which are initially isolated from one another, are
interconnected to form functional circuits' and components. The devices are

25 interconnected through the use 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 (Si0;), 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
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for preparing multiple netallized layers-&and netal lized vias in insutator
films. In a simlar manner, netal contacts are used to formelectrical

connections petween, Jntercognnection level s, apd, devi.ces fo din a
well. The ne amrenaa@gam@ﬂe@nma @e‘ﬁg@’e“ and ‘B%taﬁ‘F?‘r S il IASWARPY é{}'gs &l s
and al |l oys i Sndd AN ek s adel [ It rohdes (i t um
(Ta), alum nﬁ{?‘nhagoppeéﬂ’ (rﬁfy?tcjl%n,(ﬂzgl uar#nﬁﬁﬂ {sélrr}f%%nél é(éﬁf @Si@m%cgggserb%?ﬁd%kl,

t ungst en (W intereuhnectidni lewsls amdsdevives darimed iha wellk aThe/matal siasl and no@tadts may
general ly enpl .. an adhesjon |agyer, such as titgniumnjtride, (i

and/ or titanbmfr%dmth varioBrialsand alldys influgine titapjm 1y, Wpum egridey @b o o
At the cant t ' | B \a ; " id:f usl i er
fo provent e T, Afmiae b YR shinififn Siiopy (4181, Sy RELL,
sem conduct ofungsen (WY tandicombinationsthereoft Piid hetalovias £l cdntactydenetally amploy
formed by a bl anket netal deposition followed by a chem cal nechani cal

pol i sh ( C\vp)an adhesipndayer| sych as \ijsanivn nitride (I8Y) gnd{om ytanim (F0) docadhere: theough
an interleve ' Lo, & | ty Lhes

sem conduct o'lrnetghgagg ér:g({ teh.e %eU;'It% ?’bgetl%tt%i ﬁ“ t éﬁ%‘g’.{‘%ﬁr’%@eﬂr“ 821 8‘3#11&' Ia%raéc?%? &ni um
ni tride and/ giffusibh BiirieMd Sregan ehicfilled maralnmd Si0Lfotmteactih® and is directed
into 15 the etched via hole. Then, a nmetal filmis blanket deposited over
t he adhe#i on | ayeln apgisemicondugtos mammfagtugingaprecespemetilized \vigs oroentactsuard

until the viag ho is,filled wth t.he anket . deposi t ed t al

Finally. thel B4 By a?’?&"ﬁﬁ el idnosligt S%t}i" g?‘?ﬁ”&a‘i""’%%ﬁﬁ'ﬁ? cal g‘ﬁ“ﬁlé‘éﬁ‘@hi ng,
(CWP) to forgepretpd tgyﬁicﬁﬁproE’ésQ,Cﬁﬁ fi6Rs hRetdROVARGEN b DlerRNEN Béle&NE (BID)Mbas
are disclosed in U S, Patent Nos. 4,671,851, 4,910, 155 and 4, 944,836. 20

In a typi cal intsnegringetionineh antcca bermiodndukion gubstrotse MNext t mithisadhesiondayer suchl aced

in direct,.contact. with, a.rotatin ishin a arrier_applies
pressure agalyipmppAitride anygwgain&xén 8@?‘%@%@%#8&&%@ ﬁﬁé B re&%ﬁ "Hi ng
process, 13 hethpagthed dial M. ETiENC a hekal il is blankeV\Bépositell SlRMHEIMedion Rifer ahd
mai nt ai ned agai nst the substrate back. An abrasive and chem cal ly

reactive sol ta the, viz baleoriDgpasisioaris eontinged gntl the vig hele i3 Slledpithdhie blankdte pad
25 durin olishing. ,The.slurry initiates, the poli.shin rocess . by.

cheni cal | ygrg%(’(?ls?er‘iig r@ﬁt?lh %mally,t ﬁ%e FEFHY Hg?etﬁlg 'Sp(S?rﬁ%‘Fng. y‘l%gg’b‘i??i'g'f‘ﬁhﬁéca'
process is faalishing3{CNPPI fof nic@h1afidsOPRbcaRTRY So@RAnufacturif)f ardiét O dJreAadt i ve

to the substrate as slurry is provided to the wafer/pad interface.
Pol i shi ng i saresisclosedbin UiS. Phtest Nasided71185ti 4.910&5ard 4,844,836.m on t he

LS00 L ST i, S B FBRBE e B R Bl

abrasi ve, angQ% Rentads®ithl 2 fslaiidgd YSHshingadPOAI é‘é?}iélgapplies pFéstrEYagﬁﬁE’t e
tailored to provide effective polishing to netal layers at desired

pol i shing  backside of the substrate. During the polishing process, the pad and table are rotated

D

while a downward force is maintained against the substrate back. An abrasive and
chemically reactive solution, commonly referred to as a "slurry” is applied to the pad
25 during polishing. The slurry initiates the polishing process by chemically reacting with
the film being polished. The polishing process is facilitated 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
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while mnimzing surface inperfections, dafects, corrosion and erosioR. .
Furthernore, the polishing slurry may be used to provide controlled

pol i shi ng selectivities to other thin-filmmaterials used in current

i ntegrated Cirhteyll wm@cmmmxg surfabé! Cithpeffeétionsni defects, | tafbsioh Nadd | &tesiemd
the like. 5 i cal Ig/] CWP polishing slurries contain an abrasive
ng

material , su&furdugnmﬂe; dc e gpolis Sy gy, bsugfﬁ@lnd@dpromdancmmﬂedu nghshmg

aqueous rredl u Fal. exa 44, 534 .t 0. YU .et
aports a sl PsERlnt kT e hir e B RO BELn presR iRkl et gl
pot assi um  OrgyaEPfHatitim, Ryt hHfdd il the fkeiseful to renove tungsten at
predictable rates with little renmoval of the underlying insulating |ayer.

U.S. Pat ent 10 sTyienllg (BMP polishing Shllrrlescnostahrostesbrasmd: mateyiak; sugh asssile or
perchloric ac hydr o ol id, abrasi veLgterl al | n an

aqueous nedi LﬁW‘P‘I‘?ﬁt sqsggrugegﬁﬁpn P&Eﬁ;}‘aﬂ iaQH‘F‘HB e um,, Kot exampley
5,340, 370 to £oal 534 ¢4 YAl et G sgﬂd?&eé shrdy WaedidAg R|IHiAL rgsgl @gxéa ng oxxde zand

conpri si ng approxXi mately 0.1M potassiumferri cyam de,
wei ght pmmeernot&ssﬂunca)raamtnmems bydnoxide ethat as vsefll ito eemnabei m:rgdtéadatt 0

Eu%gr 6t42et ngB‘é‘@*e#ag@t rags Oxil Ji tﬁ &F of the; yndeglying) laﬁqlewa@vem Js; Patedtni na

el ont yedl? " 5209, #1EHd 0 ol Hisdlres Y hiery Bghiisng FACHIBEERGE ‘%‘/8'%‘9% Hfbride
slurries for zmdl asdiuhdgalaaswe mmmb(mletneaqﬁeoﬂetmémmdthat lis gefuhiferm polishingdes

an aqueous nedi um abraS| ve particles and an ani on which controls the
rate of sili caumiggyaV.S. Bateat 5360, r’»zwfh&aélpwtr41eéls¢le$esast§ngswn polpshingmlurry

078 O B abiBiAeY, S U ol it £ Ghe
Medel |'in, U SperBaitesilica and pbieassibmlacetdidd AcetlEaeitt| is nadded doUbsEferPeiee pH M.

4,956, 313 to Cote et al. There are vari ous nechani snms di scl osed
in the prlor aprodmagly 38 netal surfaces 25 can be poI i shed with

Surtace Ti1mis noP-FdE NG RIRAL 8IR ot ), BioBes 4 Mty hrmyrion e 2

removal of meilaminaddbrasives Sn addjuhbedn with SaBHG, indtfici Bnd Aeetik! abidsyand Beibhiséd a
nmechani sm the chem cal i ssolution rate should be slow in order to

avoi d wet et CWPWQ U Sadtagent Nos. 5,31 258candnd dR6.A08 rdisclose sbwdes for pelishinger e a
ot a1 “sur f ace Bk SgPREHA HBHE whieH otk s REadieol SRR TaRCRrtces
conpl exi ngh agai axaﬂﬂémvhaehfdohﬁblts e tabdof siliArembba. (Other pdlisAEaRIRriéAHoe Lise

in CMP applications are described in U.S. Patent No. 5,527,423 to Neville et al., U.S.

Patent No. 5,354,490 to Yu et al., U.S. Patent No. 5,157,876 to Medellin, U.S. Patent

No. 5,137,544 to Medellin, and U.S. Patent No. 4,956,313 to Cote et al.

There are various mechanisms disclosed in the prior art by which metal surfaces

25  can be polished with slurries. The metal surface may be polished using a slurry in
which a surface film is not formed in which case the process proceeds by mechanical
removal of metal particles and their dissolution in the slurry. In such a mechanism, the
chemical dissolution rate should be slow in order to avoid wet etching. A more
preferred mechanism is, however, one where a thin abradable layer is continuously

30 formed by reaction between the metal surface and one or more components in the

slurry such as a complexing agent and/or a film forming layer. The thin abradable layer



WD 99347618

PCT/ US99/ 05968 -4 -

then remov¥P 8% ont rol | ed nanner by nechanical action. OREE/USAY05968
mechani cal pol i shing process has stdpped a thin passive filmrehains-
on the surface and controls the wet etching process. Controlling the

chem cal mechani cal polishing process |% much easier when a CVMP slurry
pol i shes usiththenHemonest Hapicenirolied manner by mechyyi¢al aghiory e floce ghe sisphanicelp

slurries ar | | e

St ei ger wal d?) ﬁéﬁ@ 8 %%g%stﬁrlgt:s%gﬁk %ﬁﬁj&}% éﬁ‘t’t‘i w@gnﬁr%nngﬁtgg}@éér F‘ﬁ\d] c?'&/‘lc’ls

Chemi cal - Meghemiet @kchfy prdessy Conteolfing thel bhemikall igchahial. p&ﬂamngsﬁacesﬁym

337, 133 (1994)) is focused on the use of amonpi um conpounds (amoni um

nitrate,  mu reasjprwben nEYHoslnae polishes usipg Hhis mechanismal uni na abr asi ve.

Copper dissol uti e

assuned to procegs‘gf §h EU%I&} go’fp(r%'ég@‘?lpﬁ%gweﬂscﬂsggfl{t%%l n%]"t?’g‘l[ @e%ﬁ%ver
are report egdffbft (yeM.rsteigersed @f alt Bedirdchiemicall PotefliisiChepsupeMents durihg the

expl ai ned by inportance given to the nmechanical action, formng Cu debrl S,

which is Chemi-mmgéﬂowﬂmmf‘pmr Bhin tibnsy Mat. Rest $06
i ven. Ch Nech | hi i
Rl dis edi 43310999 is 0GR S thechiespt ARISRR FRTEPURR lARRNTE cmf@:{ "

Pol i sh ( CMPRhiofide iyatdidd), nitric acMJ lafad hig@la abﬁs%c%ﬂﬁéﬁdlﬁﬂlu%ﬂfo?ﬁ%gﬁlm
(CMP-M C), Santa Barbara, Feb. (1996) discloses using a CW

slurry itacl & ngaawm@re}eca@ghmgalvé xetamamd t-progeed direm epl-ﬂilm-free Surfacei n
U factant " Poistipg,gucs. BoweNEract FFpEet jo BEA Sbtnron 00 binlmi cHhedifersiae i on
| s apparent iy T{Aﬂ}JWﬁﬁ)ﬁPtén&%verﬁtoftﬁé HEEHa‘MbaPictn%n SR ?'(ﬂpdéﬂm' Phichd

film nanely ur fact ant undermning I ts prot ectiveness.
Sel ecti vity them cbssotked ibg sglutiem Seledttvity faapord Brelnot given.

el ectrochem cal rk at S ech ratorie s discl osed i n
et al, Initial s\t@d};“bﬁt ég;@é"v”' esAgrig! é’r‘(thir"g&’ (& SOPPER R W’Fd"’ﬁ#’r’ns
262 (1995) ProceedihB® -'fs¢ rlﬁﬂ%ﬁfauﬁﬁaﬂl@ﬁé?ﬁceﬂmkdﬂﬁﬁcé?fhﬂﬂsﬁ(@mhﬁm SLEYLSD t he

fundanment al characteri zation 25 of plausible slurries. In addition to
several ot hdddltilepelt dterconnqetiome@gafeenee i((EMRBMIC)S Santa Bartmra)r Fgb.022-@Bzer .

S urry Conp QL) ISy SNl ime e ieas o G ity Eo i, o
I nternati onaly iy coHfytioh axlvnﬂ/bclﬁl"'l?ﬂxbﬁ@rl | (BRLEAgD) r% s&bﬂmgsgzuﬁt_xggm | evel

| nt er connecti dn 30 erence San ar a
(1996), and (ﬂ@lp&ﬂq&@el@}mi) and alurkiad.efThe Ab@iucdatacmmnhbap;ﬁrénm%)\trsmaﬂw

di scl Ose20a i )&)#ria%ogf 09 X CcI:onr?osmrllm qrrllggltmg 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, Initial 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 Mechanical Polishing of Copper Using A

Sturry Composed of Glycine and Hydrogen Peroxide, Proceedings - First International

Chemical-Mechanical Polish (CMP) for VLSI/LSI 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
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for the CMP process of Cu with a | ow corrosion rate and defect | ewxel.
The references disclose that CWP slurries i ncorporating a chem cal
agent, such as benzotriazol e and n-benzoyl -n- phenyl hydr oxyl am ne form
a protective fihienang AMRE" with BE withBBMRInzéteiagoly,for Gse CMP prbepssell Og with 4 he
concentration of slurry components. An optim zed rate of 120 nm i n
was report ed, low tcorrbsinnr rate aofl defectnientln Ehed referencasq diselose dhatn MR oduriehe
15 [err] mw de structuges. In the cour of polishi )
substrates usMAEPOfaing; < ichemisal n@gﬁ?&ss?‘\?&t i#g ged%gﬁ?z&% anéiuch bgélid}g'n
benzotri azol e xylalidse BRAD adhrofeRtifE it SiRcoperCt TR rémotdlAravd Whridshe
10 copper supéégﬁl&gﬁdﬁng pol 1 shi (I’jl% produces a su?]%gce filmwhich is very
resi stant 3o tdémending onrtlh aonceatratian oOslualy cdmaparisntssi Ve, opfitkized) ratenef 420 of
the surface filmdifficult. .. urthe re, .the,degree assivatjon.is
time dependenfMARR Wasreparsd, f"ﬂthc’g‘gtjﬁafﬂ °fr3r50“m/i‘mi{%g‘§ﬁf‘5 ﬁﬁ?ﬁ%ﬁ%ﬁa %ﬁﬁﬁ@"t ?%\t e
polishing progesses giffigult. In addition, BTA under goes oxi dative
degr adat i on. %ﬁfj , aswg%llrr%y cont ai ni ng BTA and an oxidizer has a 15 short
useful pot |ife thah thd course sfepolibliing wubstrgtes usihp stuedes inclitling apsivging tagets of
passi vating agents, such_as BTA, nake it di _ficul{tl }10 use, nacpbq_%s t?‘

pol i sh passi vaeedas benzogiazsler BTA). iithhas besp dissqusred dhatefigagtion o with the

s te the dositabi | i . Tep! ; . o
mechan smid  Copet Spiselsl A Hine SUifhaBHRSANEL b MAAHRIPwhioh Ty Lo Feial® ifne,
slurries that ppcRaréll €adtion26F theC abiaiob, hiakinghrentovab of athe t uefapeasiilinv diffiawt.

| ayer of filmformed as well as problenms . . ensuring that the filmforned
i s” abr adabl e. Farthemnqseotheefegresof massivation s ftimeydepandeitgand not easy &9 gontrals

that exhibit unacceptably. |o | 1 shi ng,. e r of: I sShy ul
o Ox e VOB Rtigh 4 S, DA Bty BE i S gt
removabl e thi jpdergoed@tdatne degiagatic) PhusURSlufr}icOntiHidgBEA didchnXidizer has a
particularly on the surface of a copper 25 al l oy containing substrate. A

desi r abl e 16VP sbouir usefuli pot difehithdtt limise omamifactyringnupefitingssi nglhese properties of
selectivities and sinultgneousl i,ve poli d,, substrat.e i t h 0

di shing and | dwsswa%mg aggx?té,cs[ul#@ F%I 9Q‘A, make it dgl%ugga H%Tgchlﬁes\% }Q)llgﬂ Bﬁﬂﬁlated
PCTI US99/ 05968ypstrates in a reproducible manner.

Despite the desirability of using passivating agents in a film forming mechanism

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.
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The present I nvention is directed to a chem cal nechani cal lpol i.shi’ n%Fsl urry

that 5 -iWOAHIBI8 o polish netal containing substrates at rfEpYSIaerBre and
accept abI e rates. In additidir, the chemcal mechanical * -
polishing slurries of this invention have | ow i nsul at or polishing
selectivities while exhibiting high polishing selectivities towards

copper and copper alloy containing netal |ayers. Furt her nore,
this invention is directed SoNTME ok NVENTIONY! € chemical 10
mechani cal polishing sl urryﬁrp’c@ﬁﬂ%ﬂﬁd particul arly copper
‘or copper alloy containing layers in an integrated circuit.

In one enbodi nent, this invention_ s a chem cal hani cal,. pol i shin
slurry. TheTbe prqsgntuw(ﬂnu@l@§ dirgcted ta & chemical mFéE@lca'di’fglsg‘ g &g tiatyng g

| i t t t
Com 100 GBI Sl o SR AR B SRUPGROE 10 11
acids, anmino acigs aédlﬂoﬁadhk ThéfrRaEMEChRARaISpAlishivig dhiffien of this inventied hale a

film for m ng agent. I n anot her enbodi nent, this inventionis a
cheni cal mekivamisalator polishing selpctvitiey yhile exhibitmghigh oplisping-felegHutiestovartsasi ve,
an oxi di zi ng %ent sel ected from.the QAH) ? consi sting of hydrogen
peroxi de, uFRRPCRER CORRGT ALY SANENInG g™l faY¥MS: o< "t hereof, and tartaric acid.

20 The chem CaEuHﬁ&%?é Cefids 1R@nh§ﬁ1 EMre%{édrtBYm&ﬁédﬁfo@*ﬂsﬁl@ 4 sifgleaBenicalS. 0 to
about 9.0, owever, no filmformng agent is present in the slurry.

In stillo anﬁteblmmmh‘pohls}mr@slurry ho polisty metal dayetssand pastipglerly 6ePRRs| ArtoPRY a
substrate i ncl.udi g at | east one. mﬂ.tt al layer. Polishing is
acconpl i shed! W%ﬁﬁ“ﬂghﬂj TSHR GRIIERSAEC St 9 0 {0 about 15.0 wei ght percent

of an abrasive, ff Qi aRMHHifkknd hid @OG#on 19 20cheRiiGh medRanicad Potisitg Slhrrin

oxi di zer, fromabout 0.5 to about 5.0 weight percent of at |east one

conpl exi ng qheslurrydncudisi arabrasiveyatt least doe gxlvlt;ea apth @rdompllexingcagent selgcted
polishing slurr No fil mf.orm.n added o the Next ,
the cheni calff %éﬁa&WE&P%SF‘PQWﬁMHd‘%mE gﬁq‘h Agid: ﬁgtlcaf)%&'l BIfare af‘ﬁeg %'sct rate
and at l,gas 8F odall6 28RS 2hmindYaRIds iahd 'sARPVIRFeof, The EluAiNdoBE not
substratlg b%/lcgf p%{;&lnﬁlﬁgcé poé1 | r?to ‘contact with the substrate aﬁg] novi ng t he
30 pad i ninchideta film foomingegentbst r at e. WO 99J47618

PCT/ US99/ 05968 In another embodiment, this invention is a chemical mechanical p61i7shi'ng shurry.

The slurry includes an abrasive, an oxidizing agent selected from the group consisting

of hydrogen peroxide, urea hydrogen peroxide, and mixtures thereof, and tartaric acid.

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 15.0 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.



In yet. anot her enbodiment, this invention is a nulti-package system useful

for pr apedpawsi® chem cal nechani cal polishing slurry. TheCT/MUS99/05968
mul ti - package systemincludes a firstycontainer including a conplexing.
agent and a second contai ner conprising an oxi di zi ng agent. An

abrasive material may be located in a container selected fromthe 5 gr oup

consisting of the fj y&tanotid @bediment)ahis @bt 3 MuNipackage ystdm uskful for
cont ai ner. _ _ DESCRI PTI ON.OF THE CURRENT EMBODI MENT
The present i prepating chesnigalanechanieal prbshingasturie chhgymukti-paskrgessyistegn includes a

conrposition 1 recursor and to a.chem_cal chanj cal .. shi Lur

that is eff ecgfs\?é:gg r\kﬁ“fl“%ﬂ% aacc?mplexlﬁg Iagg?toﬁi !ﬁ&e%od@n%&x?%% %%ﬁsén bt
mechani cal  pobkigiinidageht!’ AY SREENd MARrAMmAbERCHRd in a coMtfhef feddsHUMIAE -
The precursor includes at | east one oxidi Zer and a conpl exi ng agent

wher ei n t he ogralipzensisting oftthp fiest contaings the secendseintainerdommthidgontainered i n
anounts sufficient to inhibit dissolution of the surface of the substrate
bei ng polished. 15 The chem cal nechanical polishing slurry is useful for-

pol i shing metal s, -espechRSCRIPTIONORPMEIURRMNP EMBODIMEN YS! Ni ng et al
| ayers associated with ro b including

integrated circuits, thin filnms, nultiple | evel sem conductors, and
waf ers. Th8gfresent dwentionbialages toea dbemicalsmedhanical palishing sompefition ed

enmbodi nrents of this 20, inventiqn, sone, of . .the ter t hat,.are used .herein
wi Il be déPi n@EECUTE 2pdthf chgmic me%e%npk%'f"gp@m ahls elfeqtiye evep without a
slurry"), is -'T&fnh& uc LS o | . '

oxi di zer, an ggl#am vg?g Qg&gon%?ée)%ér@bﬁgdé%}imgrll?ag%}ﬁg% s‘88?’i°é’n§| anglségﬁgir\{tes.
However, the @MP th¢ precyursdoesThroprecmcbrthelmes iat teakoone wgidizgeand al bemplbking

slurry is useful for polishing a multiple |evel tallizations which
may i ncl ude g whersin she oxidizer é&dt@,m%mp& 389 TR oFIaCHRdn 28 |fpggnulated i

i ntegrated cirgcuit.thixn-1il : : ' :
s S oo A ks B B o o bRV
cont ai ni ngsal IThgschentical uAethahiodlepalidhing eshirty i asefulnfarSpolishing ivktaly| respdetally
under st andi ng of one of skill inthe art that the terns include, but
are not |imnt&qPPY, and gnppepalloy containiag mgtaldlayrss paspeiatedowith @r wibsisap selected

Cubstr ates. " dront iegoup iudg Brchrip P hin A, RADU ML ferme @B,

one oxi di zer. ahbevafecsdi zer aids in oxidizing the substrate netal
| ayer or layers to their correspondi ng oxide,

Before describing the details of the various preferred embodiments of this
20 invention, some of the terms that are used herein will be defined. The chemical
mechanical polishing slurry, ("CMP slurry"), is a useful product of this invention that
comprises an oxidizer, an abrasive, a complexing agent, and other optional ingredients.
However, the CMP slurry does not include a film fprming agent. The CMP slurry is
useful for polishing a multiple level metallizations which may include but are not
25  limited to, semi-conductor thin-films, integrated circuit thin-films, and for any other
films and surfaces where CMP processes are useful. The terms “copper” and “copper
containing alloys” are used interchangeably herein as it is within the understanding of
one of skill in the art that the terms include, but are not limited to, substrates
comprising layers of pure copper, copper aluminum alloys, and Ti/TiN/Cu, and

30  Ta/TaN/Cu multi-layer substrates.
The CMP slurry of this invention includes at least one oxidizer. The oxidizer

aids in oxidizing the substrate metal layer or layers to their corresponding oxide,
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hydr oxi de, WO9%4¥8. For exanple, in the present invention, Yﬁﬂuﬁg?/"&??er may

be used to oxidize a netal layer to®tts correspondi ng oxide or * -
hydroxide, e.g. titaniumto titanium oxi de, tungsten to tungsten

oxi de, copper to copper oxide, tantalumto tantal um oxide, and

al uni num t ohydroxide,oniens. déor expraplsxindhe pregent davention, the exidizer,mex be 48t Wor at ed
5 |ntoaCIVPsIurr t udi ng
Cicani om oncip hrbgtel R | BorPRpBhding S0P o BERELL £ IRARRT LSyl

tungsten, abde rtuﬂgstamb t&hgklf@rfbﬂiEIe c n%peakd) Odipes uxideaanalunmmuntmnppmde
al | oys, and various mxtures and combi natjions t her eof by, mechani cal |y

pol i shing t wed aluminum to ahusweye oxide. r Bhpedidizng wgentiss gl when incorporated  The

oxi di zer used in 0 0Ly m 10
corrpound% ?&CW§HWé§f8§'F%n eiafl%?ﬁn;f H{eghr ;%%%d | caPt§ lﬁ@“ﬁﬁé a'{'ilrhger s
exhi bi t it nﬁﬁae $4ttdlOmS et Mitéide, rcapwrd@ngaexalarmﬂumem alg@tiugi ni ng
substrate | ayers and particularly t owar ds copper alloy |ayers.

Non- excl usi aléoyexsaaiphsesluminun'écﬂmpebxlim,zandgvaﬂous mEgHIes andl som egtlowb@reof

reduction orm radi aI s i ncl ude racetic ac

hydr ogen pei’)ﬂme&@h‘@ﬁ%ﬁo EIE’ et} rﬁ(}‘(‘i?{gg"&{e?«?p&?o& e'alﬁ%lerm Xt ures
thereof, with 15t ngdiﬁd?ﬂé?rhSP&Eered@WElﬁﬁy*qumgﬁﬂen%ﬁ%ydl% s@dled bl €S
thereof being preferred oxi di zers The oxidi zer may be

present 10n thmpoireisi shichrepomneduationdoits Hiydrpxyl tadicalsi nSmh oxidizegsnexhit
rangi ng from abou 3 to about 30,0 we r.cent . referred {hat
the = oxiap &OEIF@“%)PE‘EQWFYHHWPH’@ i S0, RGO aining Bl el

anount ran g:pQerLfa gperoallg tléllle?sb ONbn-k£cldsive bﬂd?ﬁpl@seéf: Ridtal JRMiZRSt
preferably from a ab ou?, wei ght per cent I n
anot her enbedinpemids thiteupcm thdpetior, i‘onm byadrbyxi medjeais p@hxdxrmce%ae!dserear ea
hydr ogen per oxide is 34.5 % er oxi de 5.5 wt % urea,..a

gr eat er Y@r’ﬁ&ﬁ‘hPeW‘d\ﬁeP@ﬁtpe l/"ﬁf’%"deﬂerﬁ 8>?P JIFYLSs ‘68ref’ﬁc"f’ ithed in

CVP sl un [El' &’xfogten}r; érokRie, 'uﬂéﬁeﬂerQent Ber@ﬁxﬂb eé(xﬁi hﬁ'ﬁuft@&hér@gf Oﬁérﬁg%]%?éfeﬂr&ﬁdl ng

set fort r exanpl e, a range .0 to 12. t percent
oxi di zer corbmmmmds to a urea hydrogen peroxr de wei ght three tines as
great or from3.Q_to 3.0 wei

erce
conprising urea HMR¥r . %Erprearyo Eh@ shsmicgl mechpnigal aol%g ‘Wﬁfﬁbé‘r ol
met hods i ncl,pelh, N0 GO U dbstit 73 &f—‘awﬂt@@.ofwvagmv\@éreém angd preferedhdtitng 30
urea and hyoillrogen gr oxi de 1n an aqueous solution in a nole ratio range of
f rom about oxldrzerﬁh preseht intha CMR slarry of thigiinventiwnin em apuntageging Eooxibdut
oxi di zer.
2

0.3 to about 17.0 weight percent and most preferably from about 1.0 to about 12.0
weight percent.

In another embodiment, the oxidizer is urea hydrogen peroxide. Because urea
hydrogen peroxide is 34.5 wt % hydrogen peroxide and 65.5 wt % urea, a greater
amount by weight of urea hydrogen peroxide must be included in CMP slurries of this
25  invention to achieve the desired oxidizer loading set forth above. For example, a range

of 1.0 to 12.0 weight percent oxidizer corresponds to a urea hydrogen peroxide weight
three times as great or from 3.0 to 36.0 weight percent.
A CMP slurry comprising urea hydrogen peroxide can be formulated by a
number of methods including combining urea peroxide with water, and by combining
30 urea and hydrogen peroxide in an aqueous solution in a mole ratio range of from about

0.75:1 to about 2:1 to give a urea hydrogen peroxide oxidizer.
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The CWP slurry of this invention differentigates itself fromother CMP, _ .
slurries, and especially fromCW slurries useful for polishing copper
| ayers, in that it does not i nclude a separate filmformng agent in

addition to the oxiTheZIN®B shgBnéf thisxiavgnties differentiatesSitsell ffoal atitk CMP slurries,
filmformng agents that are omtted fromthe conpositions of this 5

i nvent i on i nchadiespegially foaoevBlslaries ysefulfor palishingatoppeblayersitinithatdt does not
benzi m dazol e. and benzpt hi azole. A . separate filmformng agent |s
omitted from f%&udﬁrag%e%f‘rsagﬁ ﬁgrhgorrmng a%e]nﬁ}nr §f{?1i}bq’rlpt <IPe ogifizng 2 s xﬁWBh’Fi% n
in order to aygihdséfatdts GilinfoRfingERHI BEGrd Bmitted ﬁ%ﬂmﬁ@'cbfnﬁaesi;i% QFR@Q of
and subsequently renoving the corrosion inhibiting |ayers or med by

separ at e f 5| mirfventidm inchglentyslic tompounds such Psiiinidgzalbebenzatriazeleh henzimidazole
polishing, it ig,i fant to inhibit dissolution of, the substrate
surface [ayer aP‘i bS%gfi;'aT e'rﬁ&rff?ﬁritﬁ @ﬁ‘r%&‘e@gﬁegﬂsi Qf@’lﬂ)‘?df@m tg‘l’ Rrecugsor and
conpounds foueﬂnkjocaﬁ%&ﬁﬁdd'oﬂ this® QVBARA §rPBrddr 13 %i@i'dﬂﬁe 189 el Surleted in

control surface I ssol ution are conpl exi ng agents. conpl exi ng

agent s i ncl udepntboltingrtke depth of and isubsequkntlp, removidg the cdor@sioai inhibiting! RgérsC,
tartaric, sucginic, acetic, naaéoonj c oxalic and other 15 acids and salts
t hereof such Aamedrhyseprptefilmfornng agentse| | as anmino acid and anino

acid, cititc aci d, DU el mech iRl pERRERTR, FanBoaRaq Bt fulBhih of

aci d bei ng nostie pubstrate sutface layer in order foheitimigel fixfacg degrtivelyseore ddes fofr m
a conplex with the oxidized netal and . . not_ the underlying unoxidized
met al t her eby cPMpPYRdsfound s uselidan combingtion with oxigjzing agepts tomeatrobsyrfasgi ng

agent wll be ' ry his.{invention . n anount
rangi ng from 6(11 3@? ﬁgﬁ f& ?(‘):Ba 15%5%‘}“{/\5@ 8%%%849@8‘8{“{‘8a%&“%r‘&&&&%b?‘ﬁ’ﬁ 4
anount r diftetd 3o f dcit® sabloay ciftich ldctic, aR@atic, Suddinl€ iagétic, BRIdIRObxalic and other
It is desirable to maintain the pH of the CW slurry of this invention

within a 15 agigpgad slts thereof Bught assangmenjumpietiarate? a9 wellrasfamind lagidbasdsino

from about 5. . £..9..0 . nost preferably from about. 6..5.t0.
wbout 7.5 i n QY REN ank Reif Sy FIHERFET ooffb Erh Bents pignasRat akd ity
handl i ng pr oblneiiEnie Beld Satashixaires thedebs With Jarfidd! deidvbeiipgib & Prefefred.
encountered when the pH of the CWP slurry of this invention is too | ow,

e.g., less than  Thexcomplexing agents serveatn fhrinsa senplex evithathet tradizedrmietaliand
agent, the CWVP sl.urr a

a hi gher |evel™ §hen‘é'¥dee\£{i {glgw%o\é@iz%d metal tgg‘?ﬁgé ‘i&?t?*&%t tht%ifgep%r\]/gf 5}'%3%?@35 5}52% hit .
eI R 18 SRSl 0 YO o S 55 ol o
ranging from about 0.1 to about 5.0 weight percent, and preferably in an amount
ranging from about 0.5 to about 3.0 weight percent.
It is desirable to maintain the pH of the CMP slurry of this invention within a
range of from about 2.0 to about 12.0, preferably between from about 5.0 to about 9.0
25  and most preferably 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,
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such as amBRH¥dr oxi de and amines, or nitric, phosphori cPCHUPIXI5968, or
organic acids are preferred to avoi-d®rntroduci ng undesirabl e netal- -
conponents into the CWP slurry of this invention. I n order

to pronote stabilization of a CVWP slurry of this invention against 5 .

settling, flsveshuasammeniumhydseddmpedpmings, oranityig phespheric.optiubgapr oxganis| ur ry
addi tives, .o Such Iqhd: 2 | ¥ eNgp, can
be used. If ¥ suarrg é’é?fg%f&:tgsfaé&&%g%dd’gg\tgﬁg‘l d. 136%3@{ ﬁ%@aﬁb ﬁe‘ﬁgll fEil'gmaty be an
ani oni c, cat ileiy ef thixivéitios, or anphoteric surfactant or a conbi nation
of two or nore surfactants can be enpl oyed. Furt hernore, it has been -
found that the adli prdsn tefpremete stabilization rafya KPR shiray of shig dnvention @gainsie

wi t hi n- er-non-upni formity VN .t he wafer h | L OVi

t he sur }Ag:e %ﬁttﬁ{lgreﬁ?/%*’%fporép@@r%&aﬁﬂééwafae\‘ang f%f:?%&on%[ %RXP slutty ac#dﬁgres,
general , thegaR0NYurfattafiB! biabifikersdsh &ibbé@ﬁn%ﬂﬁéhts'ﬁqaﬁ_b‘ébﬁsfsactlﬁﬁt surfidtantise
used in the present Invention should be sufficient to achieve

effective staddeditashd CMP$lutriethen it may bg anyanionic,watibnicy ponieri¢,yoreamphoteric
depending on the particul ar surfactant selected an he 15 nature of the
surface of tﬂ’é'Paﬁ?F‘%ll R océ’%aé’gpvg? Y gxé‘?ﬁfFe?“’%&% C@Ho&ﬁhew%ﬁeé'

sel ected surfgeiembre St He€Heer foulli! tha@¥Cadditidn! 6F QTsuPRcidh’ fa} HeNudeldr Bl urry
stabilizati on. On the other hand, too much surfactant in the CWP

slurry niy redutd thenwithidegdferafrdreuniformity GAVTWNUR ofl tloe wiafeos; abéraby ampriominghe
slurry. As a,resylt, stabilizers such ag surfactants shoul d generally
be present ife H&agqqﬂt{x%,w#er Pfi‘ée_d?“ﬂ{)%r‘ﬂa?eéﬁe ®flSan anount ranging from 20
about 0.001% t o afiinefh X} Bholfi S épticRAh RS SR % 4 SOTCARP War 4Dkt ©

about 0. 1 wel ght percent. Furthernore, t Itive may be a
directly to inhthegiresent inmention shauldebe eufficienntd hehisver éffectve Stabilieativet of thexi de

abrasive utilizing,kngwn techniques. .In ei ther case, the anpunt of
addi tive is STy SR vl SYRiealb SR fReending; ?’bﬁ‘%‘lﬁ‘ﬁt‘é‘?ﬂfr%ﬁéﬁﬁnﬁ splected and,the
pol i shi ngs S| ffhe ?fpfh%fsﬁffaééli?ﬁ‘c}{ef ﬁ:@ttaﬂﬁkiﬁle laBfakivee ﬂﬁ%%ﬁ%kle?ﬁ# ,tﬁ&,og%gww

salt, sodium 25 auryl sul fate, dodecyl sulfate ammonium sa
m xt ur es t heseeuted sicfanphes wed, it will hawf little o0mb affectndrs CMR sSludy stailizatiper r |

DF-16 manuf act uyed by Unjon Carbi de, and. URFYNOL[ err] . manuf act ured by
Ai'r Products aﬁ[ae em@ﬁihe%d,éw much surfactant ipfhe @‘9&) SRt V‘L%Fei’ﬁi 18 yndgsnsbleon

i ncl udes an m T asi ' pi : '

abr asi ve. Thg’grret a o(>)<ri g(gccg F‘gﬁ iui{/ghérr%)‘/&%e A%Z% técé?lé’dSt ?lgznig%a lgéhg%%gﬁ%tgn '

i ncl udi ng al shouhibgerterdligrieapresent apthieaslurgeofrehis myertioniinan aneouna ranggthgnframur es

t hereof The C\VWP slurry of this invention ef erab i ncl udes from
about 1.8 t o2boy0:001% te q}a@%ib Ith‘% by weig g;rgfy% ly from al)gut 0.001 to about 0.1

PCTI US99/ 059\§z§ight percent. Furthermore, the additive may be added directly to the slurry or

treated onto the surface of the metal oxide abrasive utilizing known techniques. In

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 slurry 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



percent or pore of an abrasive. It is nore preferred, however, that the CW
slurry of . woédM7818 nvention includes fromabout 2.0 to aboutp@r/ﬁsgmsgdst
per cent abr asi ve. The netal oQxjde abrasive may be produced hy ..
any techni ques known to those skilled in the art. Metal oxide
abrasives can be produced usi ng any high tenperature 5 process such as

sal - gel , hydrgﬁé( kno?é oPhR 8brsiPE. ORGS Mor@prefifrdd! BEREVR SthaOthe CMP slurry of
manuf acturin or precipitated netal oxides. Preferably, t he netal
oxide is a this mvamdnmclqﬂeerﬁrom almluea Oabrahsut\ﬁeo weightpersensrabfasivebl y it is a
fumed abrasive suc Sili

| h
production of f urreﬂh?rgleéﬂl °65€’i°cﬁ?§as}v§ 'aay ‘\%?‘Tﬂ%g%umﬁﬁ'gﬂ'é?g&m a{{)pthose Hne
| nvol ves the Bénrkrd%%ﬁé artofmetl bk %bxfaeeéssm% [fo%Bﬁéed( St a@Shigh terpdatufdIm

chloride for an al'umna abrasive) in a flanme of hydrogen and oxygen.
Mol ten pargi cpmessf suchugmlgol-zgplhehydcethemhws plasmaf process, ior bheprogessesstfoon

process, the di arreters of WmQh |ed thro cess paranet ers.
These nol t en Spmdpeynpg fumed °élpﬂ?ﬁ‘m@t ?"QFS 3’6‘%’%{3&5 ?:éﬂqt%) Celrdd

to as primry it .
col lisions at el lr”ckg%fpé%@po%gb tg'?)c?{%orr lger}g%%ﬁeglp ahr ee 18&1 ﬂ?emglrllcshr gsna
chai n-1i ke ag@megasiiRa.or filied hlomie, e esamply, the phydeationoffuegdtmetali cxides is a

consi derable. During cooling and collectin t.he ag%lbegat es undergo further
col I'i sion wellknpWitepfogess urhrchrlﬁ@rﬁséhw&gﬁelbﬁl&af s pdstsk vaper {%‘FW

van dor i < PEPRBRAEE for an PRGBS fgark® 3@?'*? S

proper di sper SMdMen éﬂrtiblé‘slbﬂrabélﬂy Sptétical sBdpes are formed fr the Icambﬁitﬁﬁi ;ﬁbcas,lthes
may be manufactured by conventional techniques such as by coagul ati on

of the desirediametars of echigh @mmeethewhpmmsmmmrs t Fleese mmoligarspherss of

hi gh salt concgnt.rations, aci.ds or. ot her ul ant S I

filtered, was ﬁgxauna or S"Bi‘?’ea’“ dtyg}g ra?fe e‘f?%rﬁsr éarﬁg ﬁ“sg%rnggg fon
products by CgAMA&t b aldergoing tc@ﬂibiﬁhﬂ 4€ ThéiN @dAtat O pbh\@§ go Sekth| Bx@dnéHed] fkreart .
25 A preferred netal oxide will have a surface area, as cal cul at ed

from the rét hdimensional ehaig-like; agpsesstes. p. The faraetnecessary| 1o Thupake ASSEEAtaR is
Chem cal Soci et 309 93 d co r ef to
RS BET ang! ONSISSHIED RHFinG GRETs prdcollstitk, 1pE AadreRAles GRETRY R cRfiH
preferably frQﬁat%b@%s@ﬁmeﬂkhﬁ&hmcala@uah%réa&t%fﬂsrnlé 1oﬁuetéso dlomérates
purity requi rements in the 1 C indus the preferred netal oxide

shoul d be of ardhthgoghtutoi beylooSdy heléntggetmrhyt\ganmarwaalhﬁtmsrmdt@rnahe feqgraed.t y

content, from_.ources. such 3% madt WD.99/ 47618
PCT/ US9910s 968 &> de-agglomerated, by proper 1spers1on in a suitable media. S12 -
20 Precipitated abrasives may be manufactured by conventional techniques such as

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 1. 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.

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



I mpurities and trace processing cont am' nants, is typically less than 1% and

preferably. | ess than 0.0 1% (i.e., 100 pprr) The ‘net al -

oxi de abradYQ®A4M¥ ul in the slurry of this invention nay c&%FE§9/8§968

rret al oxide aggregates or individual sindte sphere particles. The term
"particle” as it is 5 used herein refers to both aggregates of nore than

one primary particle and to I ndi vi dual  single particles.

It is preferimpyritighend Haceprogessiggicantagunants, isctypisally lesssthan 1pend pesterally

particles v [ ribution | ess than about 1.0 mcron,

(i.e., all Srsttlﬁ%fbIagi j2 Zlgg?’k’ﬁ’;n 1.0 mcron in dianeter), a nean

particle di arret erThceﬁﬁ:tau Meaibﬁdsiveﬁxséﬁm‘imﬂﬁrkhﬁﬂdoﬁtlﬁs)fmentm maychagistft to

repel and overcone the van der \als forces between abrasive aggregates

t hemsel ves. meighoxide aggres@t@ﬁeorandlwéwémwpb@e partisiesd The tesm mam,c(l]q 'iagdt isn

per f et oneduherl TGt O i Yebladty St ol il ofd PPlRT PRnRld B 1K' Re°

present i nveiﬂallvmamyglppaﬂekgr m ned ut| lizing known technl gues such as
transm ssion el ectron m croscop E‘/ . The nean 15 particle dianeter
refers to the aveltdgerefoued thaethe sptaéropctﬂalabmsmmoasnswnnetgi ﬂ’gdﬂ' BAdticles

i mge anal ysj

force is nea l!r\ﬁvingamzq Wﬁt?%gg?%if}?s 30 Cé‘ﬂﬁ% cg‘?%%‘fzhﬁ p"BTlc %greﬁﬁsgag ﬁh

force of them@éfin &éﬂn@ﬁ:r)?@ﬁhéaﬁ' pastidId! Slameter lesd €hanUdtiout Oelnxtmctréh hiP§ lforkRd
overcone the van der Waal's attractive forces between the particles. 20

| n anot her psufficentdd rmebm;ﬂ oneencome the vardeil Warls fercesohetiweancabasjvecaggsigstes of

di screte, individual xi d arti n parti.cle

i aneter | eqdemelyes SUehgneal ide ohPlr et Tunf othe by iR imgRE 0Tt  om
about 10 n/ &d&né‘&‘?%lu%@oplﬂﬁé&s divots and other surfﬁ"c@irﬁ;ﬁéi‘f%l:ﬁ@nstd?ﬁl g%ﬁ.l‘,hl i de
abrasive is incorporated into the aqueous medi um shi ng
slurry as a Tlmperticteasieel distuitavios idi thpepresenh irofentiet aiayolxa detsrmmﬁd utilizing
conprising fromaboyt, 3% to about 45%.soli.ds, and prefer between 10%
ond 2006 7 dechieRES sefoatdraeTIssog; diriion MEFBICoR: (EM J“beentﬁaaduced
utilizing copyngatidpM R R i fa) ggm

oxi de abir;bam ve ?g an etlgprrgi(?;r)sr fﬁﬁer&ze&gigieq éht%ﬁhérecgg\dr%mgﬂ g}g%hﬁ% wat er,
to forma coﬂniage @nalysis, s pe basedron thitrerods- sqsepsal ereaicd tlnwnmdel §3y force ismbandved

b bj ect | ut t d h' i 30
T nai ) o Kikat thed i a el e aralps fores ot (b8 mpedl piie b inil oo
be adj usted g sumaw f & egen drdCoveP Rt e Vah &9'W£al§ Stactid Rrcdiiiedh Bel N

order to maximze col WO 9914
PCT/ US99/ 059g8ticles. -13 -
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



stability. The dispersion is typically diluted with deionized water and
ot her sl urrwows7sgr edi ents during CVP slurry preparation. Ad®e$e9/0596s

preferred netal oxide abrasive is SEMh$PERSE W A355 funed al umi na,
di spersi on manuf actured by Cabot Corporation. WA355 is a 9 wt%furred
al um na di spersion having a pH of about 4.0. 5 Al t hough the CWP

slurry of t h's‘éaHnlﬂyenTh@ AispBiéioneis Lt?ﬁéanyoambd WittQ¥iohiy&E vikker and offRf lurry
| ayer, the chem cal nechani cal hi'ng slurry of this invention has been

f ound t dngradients dvirigg QMBphnry prcpqmlcum A moahpreferrddt metdboxide dbriasive i um
ni-trate anda ept al um ollshlngrates n additio t
chenical nec # %E@ h%gﬂg%uﬁwe xHPBINAS dxspersquesrpq.rygqcéqrefio\%y 5‘{1 E%thi ng
rates tomrdﬁgcﬁ%&aﬂoﬁl W13 éQ@Mhﬂﬂed ﬁﬁ(xﬁfnatd?sgers’on having E}Eo%utﬁld”ry

of this inve n nmay be pro uce I ng conven ni ques known

to those skilled iAlthdigghatht CMP pluspl bf/this ineemionchay bgu@@lemt'pcﬂisﬂ any hgpe of
non- abr asi ve cor;]aonents are mxed into an aqueous nedium such as
dei oni zed or metal layers the ¢heaicehmeachanieal polishing slursy o€ thiz dryeatin bas kees fownder

the moaium _ACOWERpEA Fobpd Bbaen shERPR G col RoBR pite bud pREPIAER

such as f unedastaliith Pelishirg RS Un haditithe the ShemitAmbcadic] elishing &l6rry exhibits
desired | oading | evel of abrasive in the final CWP sl urry. The

CWP sl urries dssirable I polishing rates toewards theydidectsic pnshlating lyerone package
system (OXI di zi ng

b d I t abl
modi 0 00 T A2 B3 SEspR nyFRPR By e citgoed uftng fuvendidal
that at Ieastteamxmsn%m% tB6se m&aqméawswpmﬁr fhd &ﬁdi&in%si o eRP&HPSBer

conprises the conpl exi ng agent, abrasive di spersi on any opti onal
addi ti ves, annbn-aivasee:onnippmmgee oeRdr intesn aguepus dnedium, such asGidienized or

t wo- cont ai ner CQIEI‘)?I nati ons Oéﬁ dg red| ents of t? Cg/P sl urr of th

i nvention ar ediHlie% Wateh &t RFfs t%’ée NGERITAQNS HRAeS Aow § a§°§ﬂﬁhf‘ ng ‘h“tflﬁBc rt.
VP sl ur i es @fmpdiichs!dRY EBbIRRIF dissolfed iR LB HhEdiEH, B oSRAMAEE AisBBSioA or TR ©
25 conpl exing agents wth one "or nore oxi de” abrasi ves a el oni zed
wat er to i vemetal oxide abrasive esuch asfanedrafvanina, ngaddd to phmadlamrandlﬁnlumdltatthmg

Stabi 111y, - ShApUrALAMINE 16w of drese e rea P ale” - wi th hydr ogen
per oxi de contalnln I [ J | ree
Q‘Bé CNIP! fdiries Iaf Zhé Eréggtﬁ Hée%txbﬁem%bg s&@{heﬁ 4550 er@/Fa%a?? be

precursor can al so bé prepare S |ppe cat’l wher

used and 30 tystam (nmdadmgnagémaabraswejianﬂ eomalgring agem:thn asstabyel ppgsons prediun)de

on site to giye s| u 99147618
PCT/ US99/ 058650 avox%’vP ossible CMP slur¥y degradation, X\?s preferred that at least A two package

An optiongd skutdny iPWREH Wike Me Bl pacARNES MBS the COMRIexE 8PerRAUGAMe

m xt ure
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 slurry 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.



of urea, at |east one conplexing agent, and at |east one netal oxide

abrasi ve. . Addi tional ingredients, other than a filmform ng agent, may
be i ncor poM¥R 8Y476H} o0 t he urea ‘containing slurry precur FET/US05968

A nost preferred slurry precursor of thi-34nvention includes an aqueous

di spersion of funmed alum na, a conpl exi ng agent sel ected from ammoni um

oxal at e, tartaric acid, ammoniumtartarate or m xtures thereof, and
pref erabl y tart arAnopidons) slurm precurson ofthisrinvention wilh comprise) ani aseolssuixture d

above. The slurr p sor or xt ures there will. pr fer abl. have
a pH of frorﬂtuﬁ'i%’t ?)as{ Oongbgcqu‘gmbg aggnt, and & least ppg (Me tﬂa@ﬁ@

slurry syst @d}ﬁanam gieicht¥l dtherafin §tﬁﬁﬂ¢&mn§9gélﬁ hingg be mcorﬁ&meamtthe
appropriate use on the desired netal |ayer of the wafer. The multi -
package systuwrea containggsluoryepresursasre CVMP sl urry conponents in, where
appropriate, aqueous ,or dry formin t nor e, cont ers. The

mul ti - paékage syst eﬁf’f‘ts p[f'g‘g{f(&#lrry PTECYgsi & W?ntg‘st H‘éfe'&tlﬂ?pm?g’rﬁ{g§ 3 AAYGOHE
vari ous cont ' ed S [ afrii r
conprising a q%g%(?% bgnﬁlerngdx?lglﬁgﬂ{ang agen‘%}&ﬁg E%en?}gmg%é%g o£ent onﬁﬁdd Jxﬁla éas

one abr asi veaitarid &uid, aamomioriism darsaraielor dnistnoesetherpof, and pteferablgttamm acldmmd)f t he
slurry to a substrate. H preferred ckage system conprises a first
isglpggd, %

cont aj ner i ricPUTECHgt ip guAntities O0¥f-e ssBF%B'f?ﬁ‘r“'sgﬁ Ap mixtyrestherepb ea, a

conpl exi ng @‘w ate, tartaric acid,
anmoni um ta?‘tgg:bta{?%ﬁlgwa%ga uﬁr)g?sfr héreo , au;g}o%é‘ surfactant at a pH from
about 5.10 to abouA mulfi-patikhge QPahdryCssteai may be msedidithGiny standaddpaligking

peroxi de. At the polishing |ocation, a preselected ampunt of the CW
precursor arfupnasaf éBP@@“&WIfGﬁt“S%P“H%IId%@H metablayereohthe walepi e multi he

time of BBQA S{}hﬂéﬁl 15191u9ésvgneaor%res é ré[ul'%] {»lﬂgénelnﬁvlﬁn%? y plpFlo riate

The CWP sl urry resent 1 nventi on oes Ignifitan rease the

25 silicon ghuexisisr d19|fbﬁﬁ1im@vdatmord'km5 ThemGRpadkage system ishised by
i nvention polishes copper, titanium titaniumnitride, tantalum and

tant al um ni tcrqnd@mna#@r@nmong@é dromy thegvarious cqmmrs iptherdssiredharaounsn i givens .

Thus, th t 0
pol i shi ngs S\eq:) (ejgﬁjw %‘}’gé‘" “mg aé%rr?]hggélgﬁl { %Elﬁtt g\r(l:l&l?h]ﬁmngragglg[’ %4 aﬂntE %ﬁ[eum
and t angrizl dbPasivietif itl@kaarhams descfib&d ghave S;lsridigosiirult the tirhe ofichepst@sed a

i nvention may be used 30 @ during the various stages of  sem conductor

i nt egrat ed cfubsitate. Fha preferred eaql@gepwmeompnses a fifgh cpptaines inpluding a CMP
PCTI US99/ 059

ffeotive. poliiDh BISFALEom SOMPLSing oflbminey, Jiresy, 2 complesing; apspt ,lesied fom,
i mper f ecti onfmmonium axulateefae@tic .acid, ammonium tartarate and mixtures thereof, and a

2.

20 surfactant at a pH from about 5.0 to about 8.0 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



EXAMPLES 5 . W have discovered that a fil mform ng-agent-free

CVP sl urry WISy at | east one abrasive, at |east oneamUshomsesss and
conpl exi ng agent of specific types and -15-amobunts is capable of pol kshing
mul tiple netal |ayers conprising copper alloys, titanium and titanium

nitride, tantalumand tantalumnitride at high rates while 10 exhibiting
good sel ect i wffegtiveopalishingdatcesired i poliblayge rates while minimizing Hoefato itpafestons
exanples illustrate preferred enbodinents of this invention as wel | as
preferred met #9etecty: usi ng conpositions of this invention.

EXAMPLE | 15 Thi s Exanpl e eval uates the dissolution and
corrosion of copper in the presence of CWP slurries with and w t hout
the filmform ng agent BTA. The rate ®XAMPLES dissolution during the CWP
process is deducted from el ectrocheni cal measurenents. Most of the

el ectrochénical data are obtained ex situ (i.e. not on the polishing table)

20 using a devic nS| .tin f..a Cu el rede pth a
rotator by Pine) ﬁV %'%B nEhS‘Btal @&%Mg‘}ég@ﬁ gﬁ\gtl Sggﬁ\idgpléihrtgo?t
ERG PAR). AeidtaineibrasiRs it least ot 66Biz6dand RoMPRxihg RnPBK k;idcﬁTCYtypes and
el ectrode, and a saturated nercurous sulfate el ectrode MBE) "I's used

as the referemeund$ dstaapakde d¢f pelishmghewitipdd noktalalayers odnnpmsm@l cappér alloys,

resel ected el.ectrode rotation.of, 500 r 19. 94
F he rotator 26tanug},and, titanmm  nigide, |tﬂ“§8’6‘o%‘ﬂ‘£é?m9\!|“f‘h“5H8%115‘Fa}é‘%e’aﬁédw¥‘\%ﬁth

a down foi¢e glhithifs ksodfel2tifity towarBSlitieficllefied above the pad.
The device can nea e rreta I ssolution”as the netal surface is
abr aded (or p@he folbnving ektrpplenillustrateprefored embodimhdntsief Hiis aveatioraas on.

The abrasi on val ue i onsjdered to be.an roxi nat e neasure of the
cheni cal rat ewgtaa‘» abe?f‘;s&ﬂq @ﬁﬁﬂ@s %HF*P&C@BPOSM@S@ZQ‘Q&F@%&% fol | owi ng

abrasion give the corrosion rate of the nmetal in a given slurry.
Typical ly, electrochenm cal data are recorded as potentiodynam c

pol ari zati on WO 99J47618 EXAMPLE 1

PCTI US99/ (1)55968 - 16-

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 5.9
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
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Wwith the eaqeemlaﬁm

(af

h.the

evice as a

was SEMI-SPERSE® W-A355 fumed alumina dispersion, manufactured by Cabot
5 Corporatlon Q@J th&l%‘d tg%hg e(fesxleds %adl&gzlevel The C%Bper %‘ftﬁﬁxﬂlon ra%6 and
Same as 1 bufnexdufedBiith the device as a ?c):urrent density24vas re-calculated in terms of Admi and

-0.25 V cathodic to the open
s evaluated had a pH of 7.0. The al um na Plfgé‘(')w?’ﬂsgtﬁﬁe

Cor porati on and dlluted to the desired | oadi ng

s t g, b G EANFEAD
sl ur paeestidl fo JGHhE Enddic potenjal, by 2 rate of 10 mV/sec.

Cu corr osEm:h of the slurries evaluated had a pH of 7.0. The alumina used in the slurries

qeig to the open| KLy f or

Cu Dissolution rate

3% alumna, 2% [err] 1% amm oxal ate, 50 ppm Triton
96 is listed for several sjurriesin TableI. DF-16 and 0. 04% BTA 4 Sane
as 3 but w o BTA 2,400 60 5
3% al um na, 2% H202, 1% tartaric acid, 3.65%urea, 50
96 1.1 TR Friton DF-16 and 0. 04%
BTA 6 Same as in 5 but wo BTA 240
24 10 The resShrgy show t hgt €hdissahionfraGiwiths SolCut doorosibm if ng
and after abrasiopn is relatively |l ow ubi-ino;swymixes cqnt Patei(ageronl y
H202 (and a |surfactant), as the Cu suriface I s passi vatled apkdsiordyu- OXi de
(slurry 2). jAdditions of BTA to [err] result in additional A/Mﬁface
]Ei : m Wt25 1;.“ SH ;gmalhu“n Fg? t Wt hout—abrasT o Iltd. sThgre drygits
slurr | rong co i ng agent|, suc
anmoni ﬁm oxdl at e ‘éamt'ﬁgonD i\ﬁ%rﬁlﬁgz‘ gdl srsn(;f‘1 io% rgte vmth‘g rasion is
100 times hilgher | Bd pare slurry 2 4) than in perjoxide alo
whil e Cu corlr i dSamges 1 byt Wi BFA f r orh about 5 24 60 A/ min. 48 The lise
of a filmfadrm ng3%gahimisajc2eaBl,8LAl%decr eases the Cu dissglution rate|to
96 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 1.1
ppm Triton DF-16 and 0.04%
BTA
6 | Same as in 5 but w/o BTA 240 24

10

20

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

is passivated with Cu-oxide (slurry 2). Additions of BTA to H,O, result in additional

surface film with Cu dissolution rate with and without abrasion in a single digits (slurry

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,

slurries 5 and 6, the dissolution rate of Cu with or without abrasion, with or without



Amn.with abrasion and 1.4 A/mn after abrasion, respectively. Wth
tartaric acwhosf¥éissi urries 5 and 6, the dissolution rate of FQr/uSI5IHE

w t hout abrasion, with or wthout M®.99/ 47618 ~ . -
PCT/ US99/ 05968 -17- BTA,
is still relatively low. Thus, with this conpl exi ng agent, the passivation
ability of BTAErﬁ%tiﬂ%élﬂﬁ'Z&i lows TiRis, Gitl®hik b@xﬁﬁlekhﬁg%%ﬁrﬂpﬂﬁq;as. ioh8iliky bMm
form ng agent, BTA, is not needed to limt the corrosion rate. 5
EXAMPLE || the oxidizer is nothsignifisantly| affected] and dbe filna fapningtagent, BRA, 4§ oot i es
wi-t h and wi t hout &) 04wt % BTA filmformng agent fo polish various
subst rate | ayR§eded felimt fhe Cp sormplipRIate’ 5 "o\ % H202, 1.0 wt %
tartaric acid, 3.0 wt % of SEM - SPERSE W A355 funed al um na 10 dispersion
manuf act ured by Cabot Corporation, and 50 ppm Triton DF-16. The pH of

each slurry was adjusted to 7.0 usi ngENAMPLEH prior to use.

Each CWP slurry was applied to PVD copper wafers having a Ti, TiN or Ta
under | ayer on and | PEC 472 polisher and polished using a perforated

| Cl OO SUBA I ‘ﬁ:aﬁgﬁ@ f : : Ac . At i QWS
force, a table speg‘ggo 5 r%vr%q{%%é tgﬁhﬁg@sj%%d e spgseéld&gfangomr pdsnﬁghd a back
pressure of OBFApfim fofinmgagentstbipoljsidedrauasubstrate layeep OE4chcshirny ihaluided RJO wt

bel ow. WO 99147618 | .
PCT/ US99/ 0596% H20,, 1.0 wt % tartaric acid, 3.0 wt % of SEMI-SPERSE® W-A35fdumed alumina

10 dispersion manufactured by Cabot Corporation, and 50 ppm Triton DF-16. The pH of
each slurry was adjusted to 7.0 using NH,OH prior to use. ‘
Each CMP slurry was applied to PVD copper wafers having a Ti, TiN or Ta
underlayer on and IPEC 472 polisher and polished using a perforated 1C1000/SUBA
IV pad stack manufactured by Rodel, Inc. at 3 psi down force, a table speed of 55 rpm
15 and a spindle speed of 30 rpm and a back pressure of 0.8 psi. The polishing data are
reported in Table II below.



Tabl e 11

WTH

BTA

W THOUT BTA Per f or mance Per f or mance Per f or manc
Per f or manc 0¥ mance Par anet er - W Ti N PCT/US99/05968W/ Ta
w Ti N w Ta Cu Polishing ¥8te  3000- 8000 3000- 8000 -
3639 A/nmin 5600 A/ min A/ mn A/ mn
Cu W VWU 4.7 (15% 5.6% 7.9%
Sel ectively to Ti 1.5 and hi gher Table II 1.8:1 Sel ectively
to TiN 1.5:1 1.5:1 Sel ectively to Ta
13:1 12:1 Selectively to TaN
7:1 SVITH BTA Sel ecti vel WITBOUEBTIA >100: 1
>100: 1 >100:1 >100: 1 Dishing (150[errlm 1145 A
Di shing (10[fer rq;nfprmance Performanceg()) Performange 8§9rf¢{mance Performancegp A
over pol i shi njg) Parametan shi ng w&iNerr]in) w/Ta w/TiN w/Ta 650
A 1C@Polighing rate aaammgw 20[|€3000-8000 5773639 A/min [} 5600 Admia 15
[err]m A/BE0A 290A Er osi|on
483 A Cu WIRAA 45%5%’)55A % 7.9% '
over pol i sh) [ SelectiveiP!Ti CVP1.8@hd highe? 1.8:1
<50 COUGHIechiTE 10PN TF1.5:1 | 1.5:1
part IhC| el Wa]: electively toda ' | ''Y) 13:1 12:1
§n\'MCJ; on 0.2 Selectively to TaN 7:1 8:1
t hr eshol d) Sclectlyejx 0; S;.Oz:13100;\lh >100:1 >100:1 >100:1
nd to 80 D*Sl‘!gl'ﬂ@ia}"m Ifﬁ;'ﬁFm urface .
< 0. 30 nm r neDishing (10pwalghphess 2900 A (15% | 850A 1100 A
(usi ng AFM Time to clear overpolishing) 44 min
patterned wabshing (S0um)wWith 1.6 [err]im Cu 5 650 A The rjeROD#s shgw
that the pol | phiRg(20RMS Or BILCR in thg slurries wijth and wi t hout |BTA
i s conpar abl ep;RRI(IS[MWPNTTY THhproved {in The sTurryygpRthout BiApghen
di shing and BERGLYT are CPRgI HeTeU 12504 (15% | 255A 400A
overpolish)
Post CMP particle <50
count (no oxide particle/wafer
buffing) (with 0.2
micron
threshold)
Cu (in El0) on nd to 80
PETEOS
PETEOS surface < 0.30 nm rms
roughness (using AFM)
Time to clear <4 min
pattemed  wafer
with 1.6 ym 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 11
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



EXAMPLE 111 .10 Renoval rates of Cu, Ta and gl ass were

det er m ned. i WOt9BMZ61EXanpl e usi ng slurries with different PCTUS9/05968
concentrations of [err] and tartaric acid,jgat pH 7.0. The w .
99747618

PCT/ US99/ 05968 -19 -

abrasi ve used,j g NEMIESPERS IR RRAS § 5! fiRfle AhIl i dispersion
di spersi on aﬁrﬁ%ﬁu %8%%%@*’?}% ot Corporation. The polishing _respul ts are
reported in Talahefadwred by PubbtClompatation. \Eheepglishingresultssira geportedPiCTabte 3t ool

sta down (01 Ce 0 8 Bt B3 PR s ol B P4 5, FH5EE ©
Table 111 pETEPEessure of 0.6 psi, a platerds el bf 55 rpm, antth cfa‘?ﬁ&vsﬁg?cfm@ftnﬁ) rphit renoval

rate

Almn 5 renoval rate
Almn 3% al um na, 2.5% H202, 1.25% artaric
1 acid, 3.65%urea, 50 2396 TableIIT 434 77
m Triton DF16 59tatmning O 202 o &
Itogrtari C 2 acis&frr’é. 65% u¢'é5e,inq3f5l5m € 18‘25'“"0‘{3‘ rate PET gg
78 ppm Triton DF-16 i bo o AMha, g0 ’emilv , rate
H202, 0.3% t aptaric 3 -¢—3-65%ufea—50 07 min
408 1394 alumina, 2.5% ppm Triton| DF-16
HzOz, 1.25% tartaric
1 acid, 3.65% urea, 50 2396 434 77
ppm Triton DF-16
5% alumina, 5%
H,0,, 0.7% tartaric
2 acid, 3.65% urea, 50 1023 432 78
ppm Triton DF-16
2% alumina, 5%
H,0,, 0.3% tartaric
3 acid, 3.65% urea, 50 807 408 135
ppm Triton DF-16

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 (i.e. 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 to be
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The results set forth in Table Il show that the higher the weight ratio of

t he peroxide to tartaric acid, the smaller the Cu re 4 {i.e.
. . ’ . 6

the betteMW@R¥4ME passivation). The present i \r@é‘%ﬁ%%% s a

CWP slurry precursor and slurry manufactlred therefromthat has ho

filmformng agent, and, instead conprises an abrasive, at |east one

oxi di zing agent, and at |east one conpl exi ng agent. slurri . 1his
invention considered aalinsitadobytheideseripsion|of |ﬂ?£y§‘?'§’%i% sgt %ﬁt ape éée%?r%%‘g;r’ by
formng a reproducibly thin 15 i | imsAS a result, |ess

vari abi | it yandsexamplesy RuLERteR 25 defifed By ?ﬁgﬁf’l%#é‘%?‘{e“é‘g , the pol i shing
performance of t{g.5lMdliclamiie Nore consistent and controllable, the
polishing results are good, and the shelf |ife of the product is increased.
Wil e the present invention has been described by neans of specific

enbodi nents, it will be understood that nodifications nay be made w t hout
20 departing fromthe spirit of the invention. The scope of the invention
is not to be WD 99147618

PCT/ US99/ 05968 - 20 -

considered as |imted by the description of the invention set forth in the
specification and exanpl es, but rather as defined by the follow ng

cl ai ns. What we claimis: WD 99/ 47618

PCT/ US99/ 05968 - 21-

CLAI M5 1. A chem cal nechani cal polishing slurry

conpri si ng:




an abrasive;. 5 at | east one oxidizer; and from about
0.1 to 5.0.vwo%oaf61a conpl exi ng agent sel ect ed from the grouppgysesnssss
conmpounds including citric acid, lactic agjd, tartaric acid, malonic aCl
succi ni c acid. oxal i c aci ds am no aci ds salts thereof and rri xt ur e's
thereof wherein the slurry has a pH of from about 5 to about

e e L i

conpl exing agent is tartaric acid. 15 . Thé chient cal
nmechani cal polishipng slyrry of, cl el n the tartaric acid is
present in an anmount %g?*%g“‘t%’ﬁ? ng:al( %tsuﬁyCFoMr’éﬂg percent .

4, The chemi cal ﬁnjlgrg i.cal polishing sI urry of claim 1 wherein the
oxi di zer is a conpound that forms hydroxyl radicals upon reduction. 20
5. The <hem cal anieast@ne ozidizeglandhi ng slurry of claim 4 wherein the

oxi di zi ng agent is_.selected fromthe group cqnsistin hydr ogen per oxi de,
ur ea hydr ogenfrBE‘raiﬂ g dgngdﬁbel/ i3 ci?’ﬁ% agm seleggg from'the grogp of

The chemi cal g&g}!;@m I
hydr ogen peroxi de | sg%ltce@gh ﬁwr't@gcrlté algr%tt[Jyn%&é’at%ﬁ%% ?o‘ﬁt@g (%qgcctlmc aBoUt
17 wei ght oxamerac&ist amino acids, sal® tA6vedf’ eridBmixtures thereof wherem the slurry has a
PCTI US99/ 05968 -22

7. A cheni BHIof feasm abeutal topbpitshyiang weherein ghecdwiy depnmpt include 2 film-forming

abr asi ve; an oxidi zi ng agent selected fromthe group consisting
of hydrogen pe$OXI de, urea hydrogen peroxide, and m xtures thereof,
and

2. The chemical mechanical polishing slurry of claim 1 wherein the

complexing agent is tartaric acid.

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

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

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

oxidizer is a compound that forms hydroxyl radicals upon reduction.

20
5. The chemical mechanical polishing slurry of claim 4 wherein the
oxidizing agent is selected from the group consisting of hydrogen peroxide, urea
hydrogen peroxide and combinations thereof.
25 6. The chemical mechanical polishing slurry of claim 5 wherein the

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

percent.



5 tartaric acid, wherein the chem cal mechanical polishing slurry

has a pH of 5to 9, wherein the slurry does not include a
filmfornin J%}{f‘? 8. The chenical mechani BaF/USHY1584§ ng
slurry of claim 7 wherein the oxi di22ing agent is hydrogen peroXide.

10 9. The chem cal nechani cal polishing slu
wherein the OXI di zi ng agent | z% {‘11 ydr ogen per,oxi de(m“mmm “ml\ﬂ“\
10. The cheni cafll- necHeshiemigal H’GP‘P%‘FW“L@O‘§ fig Fly“'éffcoﬁ‘lpﬂﬁﬁg7

tartaric 15 aci gnwrﬁ@(,gsent in the slurry in an anount rangi ng from about
0.5 to about 3.0 percent. 11. The chem cal
mechani cal pol i shaﬁ@x&ﬁmg ¥ga@nt seleetedfrom mﬁaegmup dohsisting of Byairagénvperosidet

| east one netal oxide. 20 The chem cal nechani cal

pol i shi ng s| ureayiydfogen aetexide, Wﬁ‘éﬁléme&ql?éfeﬁ%taaqi oxi de abrasive is

a5, 41 1 coni o an s e Bl oot poRnE U b kB from,

mechani cal peld shivherefl the I§Mrr?fd06§ Aotncludenhfiieforminpeagent. abrasive is an
a

aqueous di spersion of a net oxi de. 14. The chemi cal
mechani cal polishing slurry of claim11l wherein the netal oxi de
abrasive consists of OXId but i | ess
t han 30 about 1. 0 mnjﬁ"Bn lg%c rﬂgchﬁmgggﬁilagﬁé gﬁ%& rgss ‘P’h%{ﬁm gbrl

0.4 mcron. oxidizing 8ehtA9h¢drdgéh peroxide. The chem cal nechani cal

polishing slurry of claim 11l wherein the netal
10

9. The chemical mechanical polishing slurry of claim 7 wherein the

oxidizing agent is urea hydrogen peroxide.

10.  The chemical mechanical polishing slurry of claim 7 wherein the tartaric
15 acid is present in the slurry in an amount ranging from about 0.5 to about 3.0 weight

percent.

11.  The chemical mechanical polishing slurry of claim 7 wherein the

abrasive is at least one metal oxide.

20
12.  The chemical mechanical polishing slurry of claim 11 wherein the metal
oxide abrasive is selected from the group including alumina, ceria, germania, silica,
titania, zirconia, and mixtures thereof.
25 13.  The chemical mechanical polishing slurry of claim 7 wherein the

abrasive is an aqueous dispersion of a metal oxide.

14.  The chemical mechanical polishing slurry of claim 11 wherein the metal
oxide abrasive consists of metal oxide aggregates having a size distribution less than

30 about 1.0 micron and a mean aggregate diameter less than about 0.4 micron.



oxi de abrasi.ve consis crete, individual netal oxide spheres having
a primary . 'w09p'a7d18c”H] Iﬂ “Mﬁﬁmthan 0.4 mcron and a SpEdRRG/REOER
rangi ng from about 10 abopst. 250 nferr]/g. 5 N

16. The chem cal nechani cal poI P shi ng slurry of claim 7 wherein the
abrasive has a surface area ranging fromabout 5 nferr]/g to about 430
ne/g. 1517. Thethemizhlefbshahicatgsolisih€ slurrp) Afickith g WwhétéihhO e i M

7 wherein the 10 abrasive has a surface area of fromabout 30 n2/g to
about 170 ng/ gxide abrasive consists qfsdlscretphmd@\n@al cegtalneyddraspherds hrofings hiprignary

consi 4t g of PRYSE GBE Gt e meRl 4R siiele % el pi8 o o et

19. A chem ggdut80 jcal polishing slurry conprising: from
about 1.0 to about 15.0 wei ght percent of an alum na abrasive;
fromabout51.0 to about 12.0 wei ght percent hydr ogen peroxi de; and

fromabout 0.5 to out 0 vvel cen rtaric aci vs:herel t he
conposi tion has begﬁ adJTg’§t Elbenfl amcal% P8 héﬂﬁ)lﬁ“’%’ Pg Ay’ dvherginy tﬁe
wherein the  abrasith HiJ ¥ sdpRS afb@.traﬁg?ﬁg RO @oﬁeémﬂf 5%9& g e,

20. The chem cal nechani caI pol 'shing s urry o clarm1l | udi ng at

| east one surfactant. A nethod for polishing a

substrate includin ast one met conprising the steps_ of:
(a)  adnixing, from abé@ﬁ’ ¢hesnigal 515 %P@llmggﬁlu"p’epée‘mm’oﬂ avhersin dbe ve,

[ pom anoute - dyradvBRats sufect alE FHonPRIGHE Bb nPle @1LBH Phorfive. [T OM 200U O 1

to about 30 t percent conpl exi né agent, and
dei oni zed water to give a WO 9914761

PCT1US99105968 . _ . .
18.  The chemical mechanical polishing slurry of claim 7 wherein the

abrasive is selected from the group consisting of precipitated abrasives or fumed
abrasives.
15
19. A chemical mechanical polishing slurry comprising:
from about 1.0 to about 15.0 weight percent of an alumina abrasive;
from about 1.0 to about 12.0 weight percent hydrogen peroxide; and
from about 0.5 to about 3.0 weight percent tartaric acid, wherein the
20 composition has been adjusted to a pH of from about 5 to about 9, and wherein the

slurry does not include a film-forming agent.

20.  The chemical mechanical polishing slurry of claim 19 including at least
one surfactant.
25
21. A method for polishing a substrate including at least one metal layer
comprising the steps of:
(a) admixing, from about 1.0 to about 15.0 weight percent of an abrasive,
from about 0.3 to about 17.0 weight percent of an oxidizer, from about 0.1 to about

30 5.0 weight percent of at least one complexing agent, and deionized water to give a



chem cal nechani cal polishing—slurry wherein the slurry does not contain a
filmformn (b) adj usting the pH_ of the slurry

to o range W0t NNIININNL o; ., " " T anfmieee

renoving at |east a portlon of the netal layer fromthe substrate by
bringing a pad into contact with the substrate and noving the pad in

Cel ati on to eheatical mechapisal pelisking slurry wherein the shyrpy does b CoREIR LB ORMAE m 21
wherein the substrate includes a copper alloy 10 containing |ayer.

23. The metthod of claim 21 wherein the substrate further includes a
titani umand titag)um adjistingehd pil of thetvhirsi 10 axtangeafs from gbout Swmfutt)he
titani um and titaniumnitride |ayer is renoved in step

24.  The nethod @) c| 2ppkying thgehemical m%r@a@ﬁéwbﬁun&rﬂemm ﬁ’&lsub‘ém% nnthg
substrate TP DO indyie A%URE S hOFioR 8 AeeCler ROR B DRGHb

i s hydrogen pégig 89ad Ao confRE withtthe ebktiey Md Meviapdhéipsd i edatidiciocdt

26. The net hod of claim 21 wherein conplexing agent is tartaric acid.

27. The nesubstdatef cl ai m 21 wherein the cheni cal mechanical polishing 25
slurry has a pH of fromabout 5.0 to about 9.0. 28. The
met hod of claim 21 wherein the abrasive is a netal oxide. 29.
The nethod of clapin 28Tub Geftiod 6f*@axﬁeilabvh@ﬁéirﬂ@1easbbs%ﬁdté/ﬁ1chﬂe§ﬁ'd%ﬁf)&dall%Q
fromthe group including alumna, ceria, germania, l'ica, titania,

zi rconi ajo ancbntdining laysr. t her eof

23.  The method of claim 21 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).

15
24,  The method of claim 21 wherein the chemical mechanical polishing

slurry is applied to the pad before the pad is placed into contact with the substrate.

25.  The method of claim 21 wherein the oxidizer is hydrogen peroxide,

20  urea hydrogen peroxide and mixtures thereof.

26.  The method of claim 21 wherein complexing agent is tartaric acid.

27.  The method of claim 21 wherein the chemical mechanical polishing

25  slurry has a pH of from about 5.0 to about 9.0.
28. The method of claim 21 wherein the abrasive is a metal oxide.
29. The method of claim 28 wherein the metal oxide abrasive is selected

30  from the group including alumina, ceria, germania, silica, titania, zirconia, and mixtures

thereof.



WD 9914 PCTI US99/ 05968

-95 . ] wo99/476 ”Hﬂl”ﬂl‘ﬂ!ﬁ“ﬂﬂﬂl of claim 21 wherein the pOIvizespMs968S an
aqueous di spersion XI de.-25- 31. The net hod of.
clai m 30 wherein the netal® oXidé abrasive is selected 5 fromthe group

consisting of precipitated alumna, funed alum na, precipitated silica,
fumed silica, and 3o Xt Urigsmethedesficlaim 21 wherein the abrgive is #h Bfiddas! dispérsion

polishing a substrate including a copper alloy layer, a titanium | ayer
and a titani whametalaxade. ayer conprising: 10 (a) adm xi ng from
about 1.0 to about 15.0 weight percent of alum na, from about 1.0 to

about 12.0 wei ght percent hydrogen peroxide, fromabout 0.5 to about

3.0 wei ght percent3jt ar t'pd fefifodCof clsith S ividkehie the\Rieil okRietibyfive RhRcdl
mechani cal polishing slurry wherein the copger alloy to titanium

pol i shi ng5selfenm ithe groupQonsisfing of presipitated alunhing fatned taluming, Sprecipitated silich)

adj usting thefuchgmlcal chani ¢ ﬁ lishing slurry pHto fromabout 5.0

to about 9. 0:iumed silica, and mixtuses thergdl, i g the chemical nechani cal polishing
slurry to the substrate; and (d) removing at |east a portion
of the copper alloy |layer and at |east a portion of the titaniumlayer
and at |east a pori2d.on Afmethedtfot anlishingna tsubsteaté @nchrdirpya 20pperballoygiaper, a pad
into contact with the sugstfate and ving the pad in relation to the
substrate. titanium layer and gAitanium nigjd ?nﬁy‘ifé'@@@émgystem useful for preparing

a chem cal, mChan'@zcl u%fi glﬂ'o?#hlﬁtﬂxtslldJ{Or%oﬁF@b'@élm pefcent ?sz}lumma ﬁ'@l)n

a first cont ai ner conpl exi ng agen cond

cont ai ner congbousiNQ teabow m' @ iwejghb gertent iagogen peroxide, fron @Ibout 0.810 &bbu’:tSI ve
| ocated in a container selected fromthe group consisting o the first
cont ai ner, t he0 Seigiteremt daasic, acd, andtdpionizedowatsr hegive a chemlcal mechanical

polishing slurry wherein the copper alloy to titanium polishing selectivity [Cu:Ti] is less
than about 4.
15 (b)  adjusting the chemical mechanical polishing slurry pH to from about 5.0
to about 9.0; '
(c) applying the chemical mechanical polishing slurry to the substrate; and
{(d) removing at least a portion of the copper alloy layer and at least a
portion of the titanium layer and at least a portion of the titanium nitride layer by
20  bringing a pad into contact with the subétrate and moving the pad in relation to the

substrate,

33. A multi-package system useful for preparing a chemical mechanical
polishing slurry comprising:
25 (a) a first container including a complexing agent;
(b)  asecond container comprising an oxidizing agent; and
(c) an abrasive located in a container selected from the group consisting of

the first container, the second container, or a third container.



