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Technical Field

This invention relates to chemical-mechanical
planarization processes in general and more specifically
10 to slurries and methods for chemical-mechanical

planarization.

Background

Chemical-mechanical polishing (CMP) is the term used

to refer to a process that is used in semiconductor

15 manufacture. As 1its name implies, the CMP process 1is
typically used in semiconductor processing to polish

(e.g., planarize) the surface of the semiconductor wafer.

The CMP process is relatively new in that, until recently,
conventional processes were sufficient with  the

20 comparatively low circuit densities involved. However,
increases in circuit densities (e.g., the transition from
wafers having 0.25 micron features to 0.18 micron
features, and even to 0.045 micron features) have forced

the need to develop new processes for planarizing the

25 wafer, of which CMP has become favored. Similarly, the
more recent shift away from aluminum interconnect
technology to copper interconnect technology has further
favored the use of CMP to polish (e.g., planarize)

semiconductor wafers.




technol ogy to copper interconnect technology has further favored the use of
CWP to polish (e.g., planarize) sem conductor wafers.Briefly, the
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While the CMP process 1is being increasingly used in
semiconductor manufacturing processes, the CMP process

15 remains poorly understood, and the exact mechanisms though
which the process works have not been determined. For
example, while certain parameters for the CMP process have

been developed that are satisfactory for wafers utilizing
aluminum interconnect technology, those same process

20 parameters have not proven to be particularly satisfactory
for use with wafers utilizing copper interconnect
technology. One important requirement of a successful CMP
slurry for copper 1s a high polish rate. High polish

rates lead to shorter copper overburden polishing times.

25 ' Summary of the Invention

The following summary is provided as a brief overview
of the claimed product and process. It shall not limit
the invention in any respect, with a detailed and fully-
enabling disclosure being set forth in the Detailed

30 Description of Preferred Embodiments section. Likewise,
the invention shall not be restricted to any numerical
parameters, processing equipment, chemical reagents,
operational conditions, and other variables wunless

otherwise stated herein.



the invention in any respect, with a detailed and fullyenabling disclosure
being set forth in the Detail ed Description of Preferred Enbodi nents
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(KMnO&4), potassium persulfate (K 2S208) , ammoni um persul fate ((NH4)2S2C8),
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conpl exi ng agents Ry e Used isn theapbyhdeumid i gxh de1 M) Aqseous
slurry. Conpl exing agents may conprise any one or a mxture of glycine (C
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(NH3), fani %m%?tr}loﬁ,)%i %ﬁ%%?-cﬁaﬁ%%y%c e |_if§g‘pg_iét fic acid (C
6H807) , phtFallesaci d ot yooeflaby d¥ditst, adiigric Bpoh) (Hfetic acid

(C 2H), ﬁgEggghﬁmacbgrﬁgnégﬁg%ki aﬂ@hﬁh), potassium persulfate
(K;8,0¢) 4 ammonium  persulfate ( (NH,) ,5,04) potassium
15 periodate (KIO,), and hydroxylamine (NH,OH). Additionally,
complexing agents may be used in the molybdenum trioxide
(Mo0O;) aqueous slurry. Complexing agents may comprise any
one or a mixture of glycine (C,H;NO,), alanine (C3H;NO,),
amino butyric acids (C,H,NO,) ethylene diamine (C,HgN,;),
20 ethylene diamine tetra acetic acid (EDTA), ammonia (NHj;),
family of mono, di, and tri-carboxylic acids like citric
acid (CeHg0,), phthalic acid (CgH,(COCH),), oxalic acid
(C,H,0,), acetic acid (C,H,0,), succinic acid (C,HsO,), and

family of amino benzoic acids.
25 Embodiments of slurries containing the soluble salts
' of molybdenum may also be provided with a nonionic
surfactant, an anionic surfactant, or a cationic
surfactant. The anionic surfactant in the aqueous slurry
may comprise any one or a mixture of polyacrylic acid
30 (PAR), a carboxylic acid or its salt, a sulfuric ester or
its salt, a sulfonic acid or its salt, a phosphoric acid
or its salt, and a sulfosuccinic acid or its salt. The
cationic surfactant in the aqueous slurry may comprise any
one or a mixture of a primary amine or its salt, a

35 secondary amine or its salt, a tertiary amine or its salt,
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famly of am no benzoic acids. Enbodinments of slurries containing the
sol ubl e salts of nolybdenum nay al so be provided with a nonionic
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ions present I1n the's e new per-nol ybdate or peroxy=-raol ybdate ions
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hi gh polish; Eﬁ&ﬁgto§%”‘|ar hi gh polishing action may al so occur by use of
tungstates, vanadates, chromates and simlar transition nmetal oxide ions or
peroxy ions W thTbe oxidizing agents may oxidize the copper as well

as react with molybdate ions present in the slurry. The
new per-molybdate or peroxy-molybdate ions are expected to

15 further oxidize and complex with copper, thereby providing
high polish rates. Similar high polishing action may also
occur by use of tungstates, vanadates, chromates and
similar transition metal oxide ions or peroxy ions with or
without the molybdate ions.

20 Agueous slurries may optionally include acids or
bases for adjusting the pH within an effective range from
about 1 to about 14. Yet additional embodiments of
slurries according to the invention may also be provided
with supplemental ceramic/metal oxide particles. The

25 supplemental ceramic/metal oxide particles may be added as
colloidal particles or as fumed Aerosil® particles. Such
supplemental ceramic/metal oxide particles used in the
aqueous slurry may comprise any one or a mixture of
silica, ceria, aluminia, zirconia, titania, magnesia, iron

30 oxide, tin oxide, and germania.

The present invention also includes a novel method of
planarizing copper by chemical-mechanical planarization.
The method of the present invention comprises providing an
aqueous slurry comprising dissolved soluble salts of

35 molybdenum in deionized water and an oxidizing agent. The
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wi t hout the nolybdate ions . Aqueous slurries may optionally include acids
or bases for adjusting the pHwthin an effective range fromabout 1 to
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The present invention also includes yet another novel
method of planarizing copper by chemical-mechanical
15 planarization. The method of the present invention
comprises providing an aqueous slurry comprising dissolved
MoO, and an oxidizing agent and polishing copper with the
aqueous slurry using a polishing pad at pressures between
about 0.5 psi and about 6.0 psi, and more preferably

20 between about 0.5 psi and about 2.0 psi.

Detailed Description of the Preferred FEmbodiments

Broadly described, embodiments of aqueous slurries

according to the present invention may comprise a

25 molybdenum oxide (MoO,) polishing material and an oxidizing
agent. The Mo0O, polishing material may be present in an
amount of about 0.5 to about 10 wt.%, such as about 1 to

about 3 wt.%, and more preferably in an amount of about 3

oe

wt. The molybdenum oxide polishing material may
30 comprise fine particles of MoO, having a mean particle size
in the range of about 25 nanometers (nm) to about 1
micron, such as about 25 nanometers to about 560 nm, and
more preferably about 50 to 200 nm, as measured by a

Horiba laser scattering analyzer.



met hod of pl anari zing copper by chem cal - mechani cal pl anarization. The
nmet hod of the present invention conprises providing an aqueous slurry
conpri si yoadn&aobivsed MoO2 and an oxi di zi ng agent and polPcshisSa@peooBpEr Wit h
t he aqueous slurry using a polishing pad at pressures betmeen about 0.5 psi
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psi. Detailed s¢ription of the Preferred Enbodi nents
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agent. The MbQ 2 polishing materia present 1n an anount out
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n an amountpicabd khin Yn e Ml ybAaRIBAXIAS RAIdAN N9 JBEAL A My
conprise fin ﬁal‘tl cles of MbO 2 having a nean pa icle SI i the range

of about 25 e RESE S NNt Heamtade llrrﬁctrmrtsgthsamabcnut t% reireETet er s
to about 560-dHfeANHhdWI € S efErapl y a??ﬂy%régt% fgspgﬁl‘%fe%r%%ﬂbé%(gz by a

Hori ba | aser scattering analyzer.The MO 2 par froma
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anmoni um molyhdatres %Bglé%&abﬁdmﬁﬁﬂﬁﬁgUﬂéthéés“ﬁ$$w§51 bdeqyn1%§%ggﬁum

prepared froma vari et Erocesses nown rn the art e?e
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to the present invention may utilize particles of MoO2

produced from a precursor material comprising nano-

15 particles of MoO;. Nano-particles of MoO; are commercially

available from the Climax Molybdenum Company of Ft.

Madison, Iowa (US). Alternatively, nano-particles of MoO,

may be produced in accordance with the teachings provided

in U.S. Patent No. 6,468,497 Bl, entitled “Method for

20 Producing Nano-Particles of Molybdenum Oxide,” which is

hereby incorporated herein by reference for all that it
discloses.

Regardless of whether the nano-particles of MoO; are

obtained commercially or manufactured in accordance with

25 the teachings provided in U.S. Patent No. 6,468,497 B1,

identified above, the MoO, particles comprising the

polishing material may be produced by heating nano-

particles of MoO; for a time sufficient to convert

substantially all of the MoO; to MoO,. More specifically,

30 the nano-particles of MoO; may be heated in a reducing

atmosphere (e.g., hydrogen) to a temperature in the range

of about 400 C to about 700 C (550 C preferred). Times

may be in the range of about 30 to about 180 minutes, as

may be required to reduce MoO; to MoO, in sufficient

35 quantities. Heating may be accomplished in a rotary
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reagents . By way of exanple, enbodinents of slurries according to the
present invention may utilize particles of MoO2 produced from a precursor
mat eri al worped/s3sg nanoparticl es of MoO 3. Nano-parti clPe3/uskookbo@®ss:2 ar e
commercially available fromthe Cimax Ml ybdenum Conpany of Ft. Madi son,

lowa (US) . rildgEEALd MehJughaithdardid £ % O MRk ybBeprigdycedr £ n
accordance with the teachings provided in U 'S. Patent No, 6,468,497 Bl,

entitled "MBEROBSRBY , Prier) FESYY tNeh MoRk tH 6P FEC o Mah (NP5 de RENYERTRE, BO whi ch

i s hereby ipcosROLaLLIMBES §JY idh ief efance SOMmAtind Natmddn dbSSL DSBS -
Regar dl ess 'of whether the nano-particles of MbO 3 are obtained commercially
or manuf act @ @BeTar adebREAnERSWrBRIERe SPeSdlfgs NFERdiNded 4 PRFELCHat ent

No. 65468, 497, BL; £1 dePibhi 80c8bRN G, b PENRD ¢ PArksEH 880 COMPELSI figat he
polishing nmaterial nmay be produced by heating nanoparticles of MO 3 for a
time sufficteatresnkbivetfoGubetanbian pakprrist taekroeBrEschin®d hathpre

speci fical | ¥t Bg,08N9:R85L1 GheSng! pMpEBnMRY . be heated in a reducing
at nosphere %e.g., ydr o en% to a fenperaturée in the range of about 400 Cto

about 700 C (5507 pexidize ageamhepyndPriRsise ARy PRRgETOR BHBHETSB0 to
about 180 mi,pUEES,; A% BYRE ( my@ggww@pw%ﬁ%p(%m%) MO Lok 8 um

sufficient quantities. Heating . acconplished in a’rotaryfurnace,
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having a nean particle dianeter wthin the ranges specified herein.” A
particl e classinfrbatioR -§befon@papt i bralhglae (MedFedNensur esudiatas

about 0.1 to about 0.2M Fe(NO;);, and more preferably in a
concentration of about 0.2 M Fe(NO;3);. Nitric acid
15 oxidizing agent may be present in amounts ranging from
about 0.5 to about 2 wt.$% HNO,;, such as about 1 to about 2
wt.% HNO;, and more preferably in an amount of about 2 wt.%
HNO;. Potassium iodide oxidizing agent may be present in
amounts ranging from about 0.5 to about 5 wt.% ‘KI, such as
20 about 1 to about 5 wt.% KI, and more preferably in an
amount of about 3 wt.% KI. Potassium iodate oxidizing
agent may be present in amounts ranging from about 1 to
about 5 wt. % KIO;, such as about 1 to about 3 wt. % KIOs,
and more preferably in an amount of about 3 wt. % KIO;.
25 Additional oxidizing agents may comprise any one or
a mixture of hydroxylamine hydrochloride ((NH,OH)Cl) and
potassium permanganate (KMnQ,) . Hydroxylamine
hydrochloride oxidizing agent may be present in amounts

ranging from about 1 to about 5 wt.% (NH,OH)Cl, such as

30 about 2 to about 4 wt.$%$ (NH,OH)Cl, and more preferably in
an amount of about 3 wt.% (NH,OH)C1. Potassium

permanganate oxidizing agent may be present in amounts
ranging from about 1 to about 5 wt.% KMnO,, such as about
2 to about 4 wt.% KMnO,, and more preferably in an amount

35 of about 3 wt.% KMnO,. However, the polishing rates with
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the resulting MoO2 polishing material |acks particles that nmay cause danmage
during polishing. The oxidizing agent may conprise any one or a m xture of
ferric niwoare/(763®2(NOB)3) , nitric acid (HNG3) , potasecumszadioosdt Kl )
and potassiumiodate (KIO3). Ferric nitrate oxidizing agent nmay be present

in concentr@i&@ﬂﬁegan@omafihqmgabqwdﬂe 1401 BOO0UL yArdciaban deM ded NO 3 3,
such as about 0.1 to about 0 .2M Fe (NO3) 3, and nore preferab ﬁ?a
%lfbe may be

concentr at |B‘ht@$s%1’é‘6uPe®m2nﬂ}ﬁFét€Néﬁ)93 geRjeraild vadiawegxitdian G-

present in @E@@Ptéxiéﬂgiﬂﬂﬁ&%ébﬁéﬂén@i@lée ABPHEnZ W . % HNGB, such as
about 1 to about and nore preferably in an anount of about 2

% HNO3. Pot asBrbaflisente &b diiagisgentCrRaydbad pricsehne PEABRRE s
rangl R from about of- RalOa ADOULe oM vi JBK ‘blthsé:!r?ha@ﬁorﬁp@bﬁuﬂ-fé@t@@@m S

w.%KI, and nore preferably in an anmount of about 3 wt.%KI. Potassium
i odat e oxi dPEi AgcaFEARigegUBEAGEaRENt THE ANBLOREC ranEf HEEaP b BBBWT 1 to

about 5 wt. tH@Kégﬁeoﬁgc@l%%rgbg%&ﬁkéﬁbfggéna§y“@neAb%'Qsmdﬁﬂbﬁg”éf

preferably in an anount of w . % KI O3. Additional oxidizi ng agents

may conpri seohvigcorélieragieh xPBRE, of Wpdbexldd meiisy drockioriafet s
((NH20H) C )s&ﬂﬁui’%agétl&?‘ BEr fraganaLe (aKM‘u@@onl'é’dJ&W@{“{‘@s hygiechl ori de

oxi di zi ng agent nma resent I n anolnts ranging fromabout 1 to about 5
W . %1(0NH2C]-§®hO%]91@¢flra@ aaﬁbbiutOIZ itte aledit 4ngk 2. SRL NP OFFINicapdlifope

prefer abl y | pangqountppl aheyhnd < 24 NR0H) Clo o £OL ST pergBRganat e

oxi di zing agent nmay be present in anounts ranging fromabout 1°to about 5
W . % KVhO 4slgneh agvaboenpRise abwutone wer VEKWHG I reindiner eopi®iBY ably in

an anount amine or its salt, a secondary amine or its salt, a

tertiary amine or its salt, and a guaternary amine or its
15 salt. Optionally, the aqueous slurry may be provided with
a copper corrosion inhibitor which may comprise any one or
a mixture of heterocyclic organic compounds including
benzotriazole (BTA), triazole, and benzimidazole.
Further, the slurry may contain any combination of these

20 surfactants and corrosion inhibitors.
A preferred anionic surfactant is polyacrylic acid
(PAA) . A preferred cationic surfactant 1s cetyl
pyridinium chloride (CPC). A preferred copper corrosion
inhibitor is benzotriazole (BTA). The addition of PAA
25 improved slurry dispersability and surface quality. It is
believed that the addition of PAA modifies the surface
charge of the molybdenum oxide particles such that
interaction between the molybdenum oxide particles and
copper is favorable, leading to an increase in the polish
30 rate. Polyacrylic acid (PAA) surfactant may be present in
amounts ranging from about 0.1 to about 4 wt.% PAA, such
as about 0.5 to about 1 wt.% PAA, and more preferably in
an amount of about 1 wt.% PAA. The cationic surfactant
cetyl pyridinium chloride (CPC) may be present in amounts

35 ranging from about 0.01 to about 1 wt.% CPC, such as about
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of about 3 wt.% KMO 4. However, the polishing rates withslurries
cont ai ni ng hydroxyl am ne hydrochl ori de and pot assi um per manganate are
gener al | ywbawsvo763van wi t h t he ot her oxi di zi ng agents i deoriudsced/ obhspei n.
Enbodi ments of slurries according to the present invention may al so be

provi ded wighoan tani HHdee sy bagiant ©IPC;31 cald ofbee sprbaetapty The anionic
surfactant used in the aqgueous slurr%P%. conprise any one or a m xture of
Ci

pol yacryl i cRBRYRE (PRAFPOUR Rat bokyFi Berzpterazpie BEY PR Ester or

its salt, a-sulbonbe achwiOitdt s t bed §B@§Bhﬁr|§na%&1@énti§t1§@$t and
a sulfosu00|n|c acid or its salt. The cationic surfactant used in the

aqueous sl UFRYIMRY EBRPr PEEUENY - Gnd CorPRUH »tlirmel Ikl A Dra Traf B TRy or its

salt, 2 secopdarysagbpgtol tbSas&ht 5anmeﬁzxaranarﬂl@@eoﬁsréf@rmiy,uand a
quaternary amne or its salt. tionally, the aqueous slurry may be -

provi ded wi @ hcaneepbertiapr 85i 8ROFANEbIoBTi ch may conprise any one or a

m xture of heterpeychifeALgani£ GaupReyRds hpebuding benzehkl azedb e BTA)
triazol e, and benzim dazole. Further, the slurry may contain_ an

conbi nat i onlBYeRhESE Bavfatsanks RAOVESeHodibh FRARREE0PS. MALYPEPRFed

ani oni ¢ surfaetagl moﬁo)l %ravllh%r%la%t( PA&)C haé Bé@ﬁefééﬁdcﬁﬁé@r‘tﬁe
surfactant is cetyl pyridiniumchlorid gre erred copper

corrddl on i adfbiien wgfb@ﬁ%wbde92@|éu@§m®e Pqﬁélﬁ ﬁﬁtﬁ@ﬁﬁﬁaﬂmﬂ\Fhﬁroved
slurry di Sp§5§§Qh' +iYe apd c%ﬂpfeqC@o&}ugkhwlegtcbﬁtgfﬁiﬁgq@xé hatgt beaaddi tion

of PAA noditTies the surface charge of % denum oxi de partlcles such
t hat |ntera%@lbhdbévme@mhﬂ¥§anﬂ%nikﬂﬁﬁﬁcm@ﬂe BHEt MSads Fralopper ins

favorable, |gadingf0 & Lp6Heaseohn dhemht SB micron. Molybdenum

sulfide particles may be present in amounts ranging from

15 about 0.1 to about 10 wt.% MoS,, such as about 0.5 to about

5 wt.% MoS,, and more preferably in an amount of about 1

wt.% MoS,. Molybdenum sulfide particles having the size

ranges herein are commercially available from the Climax
Molybdenum Company of Ft. Madison, Iowa (US).

20 The pH of embodiments of slurries according to the

present invention may be in the range of about 1 to about

14, such as a pH in the range of about 3 to about 7, and

preferably having a pH of 4. The pH of embodiments of

slurries according to the present invention may be

25 adjusted by the addition of suitable acids (e.g.,

hydrochloric acid (HC1)) or Dbases (e.g., potassium

hydroxide (KOH)), as would be known by persons having

ordinary skill in the art.

Yet additional embodiments of planarizing slurries

30 according to the invention may also be provided with

supplemental ceramic/metal oxide ©particles. Such

supplemental ceramic/metal oxide particles used in the

aqueous slurry may comprise any one or a mixture of

silica, ceria, aluminia, zirconia, titania, magnesia, iron

35 oxide, tin oxide, and germania.
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rate. Polyacrylic acid (PAA) surfactant nmay be present in amounts ranging
fromabout 0.1 to about 4 wt .% PAA, such as about 0.5 to about 1 w .%
PAA, and wonreognrefoer ably in an anmount of about 1 wt. % PRAT/USh@ecoaisdnni C
surfactant cetyl pyridiniumchloride (CPC) nay be present in amounts

rangi ng from abogin8d9heh® saboEt I uMri%sCPEccsranngs ebouwh@ O5régeabout 0.5
wt . % CPC, and nore referablg}rln an _anmpunt of about 0.1 wt. % CPC.

Benzot ri azoFéVFBTA?HCSESBéPl@o 5i B LK FATGS neRE beCRRr s eipey nused

concentrati 9fs vaNgg P&%%@laout MoBe t Baahouli1hQ 1R, | lihd®| ot 4 8B uBTA,
such as about 1 to about 5 nM BTA, and nore preferably in a concentratl on

of about 1 ARWERFA ErHRdi nAcs Wied| @5 i 88 REbRUFARSt FIHE presehpe

i nventd on NRy18h8AnAR BkOULISTLW-{ Bis APMALS plrdenym subf E8epéMS2) as
a IubrE|5 cant . ? ag been found thatsthe addlgﬁ gr?ﬁof nol bdenum éiﬁ?fi de

particles i ﬁéﬂ@amlltiﬂé paltiesh (at®- of Wopper 180 0s| %ﬁ“‘#l és/ CcoRraPhiing K O 3

and PAA 'Vbbiéggee‘a étﬂ_k,f' derRaphigh sy shave ean dhapeters1iswing range
of about 0.0 1 micron. Mol'ybdenum sul fide articles may be

present in éﬁémpﬂ§sr ané‘wdlﬁﬂ@r1’—1”lr0(151m@odi§’tA Grhancemdoute 1514 . P/@%@Zr%%h as

about 0.5 t a%gl&ﬂ GLMORi%. angy fPRer Pr eheahyn yyammeyntigé about
1 w. % MS denum sg{Pﬁ parti cl egphaw ng the§75| ze ran eslherel n

are cb@mercpatrltycévél waksee afdld@ﬁh ftl@e sturFa e SMSIOPE@dRIRICEHPanynaf PR,

Madi son, | owg FQ@ fﬁ@ PHog s?x”b.?g'tg%nt%f()f aBbUtri @spacerydiAg Lierthe
pr esent i nvent efn t e range of about 1 to about 14, such as a pH

in the rangebbﬁlabdut 3 to about 7 , and preferably having a pH of 4 . The
pH of enbodi ment g,9f SLYT ELESACEONAIIY thR kB, Presentsiumantd @7 gRy be

present invention are high for copper, the post-polish
15 surface of the copper tended to be covered with a thick,
uneven misty layer with roughness values as high as about
150 nm as measured by a non-contact optical profilometer.
If the post-polish surface gquality is desired to be
higher, the CMP polishing step may be followed by a
20 buffing step. In one embodiment, the buffing step
involved additionally polishing the copper surface with a
dilute suspension of H,0,, glycine, BTA, and colloidal
silica in de~ionized water at a pH of 4. The advantage of
using an H,0,-based buffing step 1is that H,0, reacts
25 spontaneously with molybdenum oxide, thus remdving
residual amounts of molybdenum oxide that may remain on
the surface. Very clean and smooth copper surfaces were
obtained after subsequent buffing, some with roughness
values as low as 0.35 nm as measured by a non-contact

30 optical profilometer.
Polishing selectivity of one embodiment of a slurry
of the present invention between Cu, Ta, and silicon oxide
(810,) was determined to be 235:1:1 for Cu:Ta:Si0,, as

presented in Example 24.
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adjusted by the addition of suitable acids (e.g., hydrochloric acid (HO))
or bases (e.g., potassium hydroxide (KOH) ), as would be known by persons
havi ng orworaseyw7edezl | in the art. Yet additional enbodi memus2abk/opisanari zi ng
slurries according to the invention may al so be provided wi th suppl enental

ceram c/ netal oxigdgmpaesi obesndSeeh iswRvemaiHalaerait e/ ot éth pXéde
particles used in the aqueous slurry na%Pconprise any one or a m xture of

silica, cerfa2marantRLEd AGeddm £ciq t APE) nhgndésst FHonCHPHELRIn

oxi de, and ggf MRp{acENRedinNEleh AhoShar risssaccondi R HisH hes s esent
invention exhibit high polish rates for copper, when used in the CW
process. MEBSp&MO ciPetiiednéh UFEYaSIRAT HRes (RFERPRARSHSESY 1R, an
oxi di zj ng aggpt.i B, the nol ybdenum oxi de slurries very high copper disk and
copper filmpolish rates (e.g., up to -1000 and 470 nra/mn, respectively,
wer e obt ai ned, asRdREET &P RFAHST Srdhicdg Letarpred onaggrarghref tpaA

enhanced t h?n@%hﬁl@ﬁl | Shhd ate 110, BIRHTL cREAPNBLS ry+d. JriiRId. Whethe
nol ybdenum sul fide particles were added to slurries containing KIO 3 and
PAA, copper ekilpilpsl PsASpaEed Sflatodr e SERHASRI TR MEre Obtai #ed. 2%Ri | e

pol i sh rateg w thithecll Q31basedakur hiesabnt B RLESeRLeRyention are
hi gh for copper, the post-polish surface of the coppér tended to be covered
with a thick, uneven m sty layer with roughness val ues as hi gh as about 150
nm as; yreasured by a non-contact opgh@plrpr L5l ometer . If the post-polish
surface quality is desired to be higher, the CWP polishing step may be
fol l owed by a Slurries of examples 1-15 were used to polish "a

copper disk having a diameter of 1.25 inches. The CMP
polisher was a Struers DAP® with an IC-1400, k-groove
polishing pad. The carrier remained stationary (i.e., was
15 not rotated). The rotation rate of the platen was 90
revolutions per minute (rpm). The down-force placed on
the copper disk was.6.3 pounds per square inch (psi). The
slurry flow rate was 60 ml/min. The amount of copper
removed from the surface of the disk by CMP was determined
20 by measuring the weight difference of the copper disk both
before and after polishing, taking into consideration the
density of the Cu material, the area of the disk that was
polished, and the polishing time. This was then converted
into the rate of removal in terms of nm of copéer removed
25 per minute. '

The slurries of examples 1-10 all contained 3 wt.%
molybdenum oxide (MoO,) in deionized water. The mean
particle size of molybdenum oxide for examples 1-10 was 1
micron (1000 nm). The mean particle size of molybdenum

30 oxide for examples 11-15 was 150 nm. Various amounts and
types of oxidizing agents were added, as identified in
Table 1. Example 11 contained 1.5 wt.% MoO, with 3 wt.3
hydroxylamine hydrochloride ((NH,0H)Cl) as an oxidizing
agent. Example 12 contained 1.5 wt.% MoO, with 3 wt.%

11



buffing step. In one enbodinment, the buffing step involved additionally
polishing the copper surface with a dilute suspension of H2Q2, gl ycine,
BTA, and wol2b@idedso2si lica in de-ionized water at a pH ofPcgd/us2d0a@omdy ant age
of using an H2Q2-based buffing step is that H2O2 reacts spontaneously with
mol ybdenum @estggsmhu?;erxq{g@l\giamtreesi (#Mab, prmeentshef orakybkderunagxhee t hat
may remain on the surface. Very cl ean and smoot h gopper surfaces were

obt ai ned af E%Fm@j%e]q?he]rﬁ a&d‘fﬁoﬁeja%’oﬁew*v'vrfhm%@ﬁﬁ sga{?}ﬁ‘ﬁ@sm&gumﬁv as
0.35 nm as geagdbed by RoH88: cophackropif aluidfs il eimp1£9! 1shsng
selectivity of one enbodi nent of a slur of the present |nvent| on]éget ween
Cu, Ta, andv¥3p| REOHSERAEC( P @Z)by\/\éé‘*edétcé’ﬂfﬁ%q Ihedeo@hhonie RCEY: Ta:
SiO 25 as py ntedd n el ard. Byarpkese25 26 invalhee theyaddi tion
of et hSyI ene glégm neﬂt etra acet |r§ ag?dg(gléD'%A) tg&giest t he corrpl exi nggabl lity
of EDTA wi t HoEBPppéEipoAsandhBOBEFNIRTr aRde st do1 e EPRRRTI #1188 dfarry
conposi tions aLe,pPLgseNtegpid fable 5 . In order to provide further
information regarding the invention, the foll ow ng exanpl es are provi ded.
The exanpl es presented bel ow are representative only and are not intended
tolimt the invention in any respectapEXAMPLES 1-15 Slurries of exanples
1-15 were used to polish a copper disk having a dianeter of 1.25 inches.
The CMWP polisher was a Struers DAP(r) with an | C 1400, k- groove pO|IShI ng

pad. The carrirer— qum med—stattTomary (e was notTrotated)y— —Ttre 1ot ati on
rate of thel platen|was 90 Mean
Particle
Example Slurry Composition Size pH Polish
(nm) Rate
(nm/min)
1 3% MoO, + 0.05M 1000 4 69
Fe (NO;3) 5

2 3% MoO, + 0.1M Fe (NO;); 1000 4 88
3 3% MoQ, + 0.2M Fe (NO;); 1000 4 230
4 3% MoO, + 0.5%HNO; 1000 4 348
5 3% MoO, + 1%HNO, 1000 4 221
6 3% MoO, + 2%HNO, 1000 4 353
7 3% MoO, + 3% KI 1000 4 157
8 3% MoO, + 1% KIO; 1000 4 123
9 3% MoO, + 2% KIO, 1000 . 4 345
10 3% MoO, + 3% KIO, 1000 . 4 1014
11 1.5% MoO, + 3% (NH,OH)Cl 150 4 68
12 1.5% MoO, + 3% KMnO, 150 4 31
13 1% MoO, + 3% KIO; 150 4 169
14 % MoO, + 3% KIO, 150 . 4 524
15 3% MoO, + 3% KIO; 150 4 862
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revolutions per mnute (rpm) . The down-force placed on the copper disk was
6.3 pounds per square inch (psi) . The slurry flow rate was 60 m/mn. The
anount ofwoapmareisenoved fromthe surface of the di sk byCCNR20va®0@et er m ned
by neasuring the weight difference of the copper disk both before and after
polishing, taking into consideratikompiig dengigty of the Cu material, the
area of the disk that was polished, and the polishing tine. Thi,s_was then
converted into tBeUFELES oL e?B¥EPIER (L8 of Shftn &5 SCoppRr PPedsed® per
mnute. The.shysri e$18f LpERkes bl akl1¢ephaisned t3aMe %yrodyhedeasm oxi de
(M) in deionized water. The nean particle size of nolybdenum oxide for
exanpl es 1-depeastion: cr Bhe( toppeant LlnThadmeafipmatied €52 e BF%dt ybdenum
oxi de f or exaOPERs dd1 1Sn¥RSyAS0, R s VaEh OMSq8IOuNS Sy A A PRS-DEo@Xi di zi ng
agents were added, as 1dentified in Table 1 : Exanple 11 contained 1.5 w.%
MbO 2 wit h B-gikoove hyelt byl e prd hy ditse Iflaeriige weRHZOHRERY a8 anta%®di zi ng
agent. Exanpke,d2. contaipped 2 | et assi -

per mangana’?agk(4K%/h6§§“'aslT?%ep%?i%giwzW%Nggg%tﬂ&&fm%sr@g- 12%?1{@%%?“ ain 3

W . % KI OB fprhevalpced @moiiss @TPWO Pilaswast &d POl SEWRERes for

exanpl es 1-] st t by, Lhe i bangat hyderaghlerignaci d
(HA) or po%ggg?z%gggdrogﬂ%eg%éag—g ) %’herglggriﬂy cgrrposi tions ar<d rloI i shi ng
rates0f or the coBberanpsktapé peeBenrt eempretabremithe TABragE 7S 16- 18
Slurries of e i aLoaperadidm oghted on a
silicon subgﬁgtgghbéuégjﬁ%tgg%eégpgg@?i“;c?%. Tﬂeesgc}%lpper I[?(?)l}alnrlnérllad g&%)i anet er
__of 6 incheBeet resistance of the Cu film both before and after

polishing at 17 points spread across the film utilizing a

home-made paper mask and a 4-point probe. Sheet
15 resistance was measured at the same points on the film
before and after polishing. The measured sheet

resistances both before and after polishing were then
converted to respective film thicknesses before and after
polishing based on the resistivity of the Cu material, the

20 current applied, and the voltage across the 4-point probe.
The difference between the starting and final thicknesses
as 17 points were calculated, an average thickness loss
was obtained which was then divided by the polish time to
give the polish rate in nm/min.

25 The slurries all contained 3 wt.$ molybdenum oxide
(Mo0O,) in deionized water and with a potassium iodate
(KIO,) oxidizing agent present in an amount of 3 wt.%. The
mean particle size of the molybdenum oxide for examples
16-18 was 1 micron (1000 nm). Example 17 added 1 wt.3¥ PAA

30 to the slurry. Example 18 added 1 wt.% PAA and 1 wt.%
molybdenum sulfide (MoS,) to the slurry. The pH of the
slurries of examples 16-18 was adjusted to 4.0 by the
addition of hydrochloric acid (HCl) or potassium hydroxide
(KOH). The slurry compositions and polishing rates for

35 the copper film are presented in Table 2.
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The CWP polisher was a Westech Mbdel 372 with an | C 1400, k-groove
polishing pad. The carrier was rotated at a rate of 40 rpm The platen was
rot at ed awo0200aque392The downforce placed on the copper fiPCmUsa®e®oqsozinds per
square inch (psi) . The slurry flowrate was set at 200 ml/m n. The anpunt
of copper renoved fromthe surface of the silicon substrate by CVWP was
determ ned by neasuring the sheet resistance of the Cu film both before and
after polishing at 17 points spread &PBbBEs2the fil mutilizing a hone-nade
paper mask and a 4-point probe. Sheet resistance was neasured at the sane
points on the filmbefore and after polishing. The nmeasured sheet
resi stances| both before and after polishing wess th¢n converted to
respective filmthi ¢knesses before and aftdr Pa@gj[él%hl ng bagqed QR;ihe
resistivitylof the Qu nmaterial, the current gp I ed| and tihe vo};tage acr oss
the 4-point| Bremde The dilPFey &TERCBEENRen theSStrti|ng™and fi Mars

t hi cknesses as 17 poi nts vvere cal cul ated,  gn dmbage t hi cne&®/P&R)s has

obt ai ned whfT vided the poli|sh tto ivetheplolis1rate
The 1giiur hi r:g ldj R}' 1too d :

in nm mn. 3Sned 3wt 0% m'),yh' eRtHR-ai-de Mo in

LAZEEE} AMEAYAY \ LAACAY.

dei oni zed wat erz7and tlhoca Ppaassl; Lmisodsr g (KI0G8) axi di zijng ageht pjesent
in an amounf—of 3 W% . i Sl of [thg ngl ybdesyum oxi de
for exanpl ep 16818 &g % crorq%?tgogg h& Exlgﬁgl e 17%ad ed 1w .%PAA to
the slurry. | Exanpl e [I8%atfed 1 wt. % PAA and 1 wt . %l i die

(IVbSZ) to the slurry. The pH of the slurries of exanples 16-18 was adjusted

to 4.0 by the addition of hydrochloric acid (HCO ) or potassium hydroxide
EXAMPLES 19-23

Slurries of examples 19-23 were used to polish

a copper film deposited on a silicon substrate by sputter

deposition. The copper film had a diameter of 6 inches.
5 The CMP polisher was a Westech Model 372 with an Ic-1400,

k-groove polishing pad. The carrier was rotated at a rate

of 75 rpm. The platen was also rotated at 75 rpm. The

down-force placed on the copper film was 4 pounds per

square inch (psi). The slurry flow rate was set at 200
10 ml/min.

The amount of copper removed from the surface of
the silicon substrate by CMP was determined by measuring
the sheet resistance of the Cu film both before and after
polishing at 17 points spread across the film utilizing a

15 home-made paper mask and a 4-point probe. Sheet
resistance was measured at the same points on the film
before and after polishing. The measured sheet
resistances both before and after polishing were then
converted to respective film thicknesses before and after

20 polishing based on the resistivity of the Cu material, the
current applied, and the voltage across the 4-point probe.
The difference between the starting and final thicknesses

as 17 points were calculated, an average thickness loss

14



(KOH) . The slurry conpositions and polishing rates for the copper filmare
presented in Table 2 . TABLE 2 EXAMPLES 19-23 Slurries of exanples 19-23
wer e usedwoao@al7s®d a copper film deposited on a sili corCIaisgtocmatasoby
sputter deposition. The copper filmhad a dianeter of 6 inches. The CW

pol i sher wag,a YgsLeghaMpdekn3%3swihBnanit€add0By kner pevespotinbi ng pad.
The carrier was rotated at a rate of 75 rpm The platen was also rotated at
75 rpm Thegdwanther pelpBhc&dten h8¢BaPer fil mwas 4 pounds per square
inch (psi) . The sluriycf oW fafes Was1SelorftaidQ M3/ . & Thelapayntuof
copper renoved fromthe surface of the silicon substrate by CWP

det er ni ned byifeas¥ePng irheedlpadzefedpieanid dfithe P@Faﬁisllhlf“bbP\ﬁg%@f ore
and after poki-ghi ng at; Lif, pol 0 uht! 8% W iWd.2.ngTAe

hone- rr%de pgggr63)|rras l%aln%%g%%%n%%%%fgghégt&Egsiirlstance was neasured at
the sane poiwes onathéciil nobepsteran@faf tBe pBPLYRAREUTNTHhEXAEEsULRY sheet
resi stances f org_and r | i shing hen pconvwegrted 1t omm
respective ?gﬁgtl%?ckr&lgsggs %’%%grelggndﬁglfteg%gﬂ ilrghi 28 bgsed on _the
resistivitybehzoheiGzohet efBBA) the tder rekitrzippl | EFARAE the 39P2Age across
the &-Poi Nt RIQ0Go WA {16 aRe hebwgend hens! alkihg andekidple 22

t hi cknesses 'as 17 p iht's’ ver e-cal cul at ed, an average fhickness | osswas

obt ai hed whiackledasO t hemtdisvi dedy by pyviré dgoriiugh e¢hheride d¢iCFE)t heP pdPesh rate

Loonnim R RIS AT ES Al contarded S W . 26 pRAyodenumaaxiae C¥DERE 10
dei oni zed wastiglrﬁgﬁd W n%alepgét)%;tsagill um i%dat e (KIG3) oxidizi ng agent pr esent
in an anountslofrry.wt . ¥neThel of the slurries of ‘examples I9-23 was

adjusted to 4.0 by the addition of hydrochloric acid (HC1)

or potassium hydroxide (KOH). The slurry compositions and

15 polishing rates for the copper film are presented in Table
3.
TABLE 3
Mean
Particle
Example Slurry Composition Size rH Polish Rate
(nm) {nm/min)
19 3% MoO, + 3% KIO; 150 4 695
20 3% MoO, + 3% KIO; + 150 4 471
1mM BTA
21 3% MoO, + 3% KIO; + 1% PAA 150 4 997
22 3% MoO, + 3% KIO; + 150 4 913
0.1% CPpC
23 3% MoO, + 3% KIO; + 2% PAA 150 4 660
+ 1lmM BTA
EXAMPLE 24

Silicon wafers (6 inch diameter) having a 0.3
micron Ta layer deposited by sputter deposition and wafers

having a 1 micron SiO, layer applied by thermal oxidation
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mean particle diameter o f the nol ybdenum oxi de for exanples 19-23 was 150
ran. Exanple 2 0 added 1 m M benzotriazole (BTA) to the slurry. Exanple 2 1
added 1 woXoal7ymerylic acid (PAA) t o the slurry. Examrpras2@ecadaterl 0. 1
w. % cetyl pyridiniumchloride (CPC) to the slurry. Exanple 2 3 added 2

Wt . % PAA and 1 m}{'&%tgég %'lngpii:%liﬂgd ﬁ*ﬂ%hpaH oiiéﬂ?fm%' whires .0 fTesanpl es

19- 23 was a‘d?ﬁ%te e addition of hydrochlaoric acid (HCO ) or

pot assi um hysloaxt def( K@per Thrds|Tar ryerdipdsTas ofis tafdiped shif rates for

the copper filmare presenfed._] I 3 Ez24 Skl teen
waf er sp(p6 i ﬁ8HraP8ﬁ%?eP§8R%m %%Haggaﬁ%r%igygy;gggﬁa;gggggosai téegtfb{;:/ put t er

deposi ti on andiwehersabiavi dgya QP orash Sie@smresyetsdpsl | €8 boRtihar nal

oxi dat i onwer.e _separ at e pol.i.s i hshknghs! Upk¥. oFhecappENt of
copperé and ?Qt?ﬁﬁﬁQ?@ﬁelc Jsffdé“%‘erg%g{rel\gdrtgs?ﬁggg fSLour- poi nt prgbe, “and Si @
renoved frodnt Berssr bacemobft hetsidiedorensived perCWRNNES -measur ed using an

optical interferoneter, in-.order ' , at e, of Lq terns
RUST I 8 ALl e e d 24 ey RET¥ALl:

of nmof material re nut'e. e slurry utilized conprised 3 wt%
nol ybdenum exiide (No&®)) i indelonozietedaterewn thlpot asxiafs iwailedgkrog)

oxidi zing agent present in an anount of .3.w . % ap Papticl ersieze of
t he nol ybdegﬁoéﬁi(?fél o ek &t e ffe\ﬁxféltllﬁ %Ir{o% ??8{038 nm . The CWP
pol i sher wameanWstredk1badlze3dZ wihich mad ybGehaig0 oxkdgr Seve cpeliPdRi R pad.

The carrier was rotated a at e, of r s.a ated at
40 rpm The "@Swi- fFOrEe| L%@%{) o™ pe 49 e e PLAL £, 48S 1akgQ ok

Model 372 with an IC-1400, k-groove polishing pad. The
carrier was rotated at a rate of 40 rpm. The platen was
also rotated at 40 rpm. The down-force placed on the
15 copper film was 6 pounds per sqguare inch (psi). The
slurry flow rate was 200 ml/min. The slurry composition

and polishing rates for Cu, Ta, and Si0, are presented in

Table 4.
TABLE 4

Cu Ta Si0,
Example Slurry Polish Polish Polish

Composition Rate Rate Rate
) (nm/min) | (nm/min) (nm/min)

24 3% MoO, + 471 2 2
3% KIO;,

EXAMPLES 25 and 26
Slurries of examples 25 and 26 were used to
polish a copper disk having a diameter of 1.25 inches.
The CMP polisher was a Struers DAP® with an IC-1400, k-
5 groove polishing pad. The carrier remained stationary

(i.e., was not rotated). The rotation rate of the platen

16



copper filmwas 6 pounds per square inch (psi) . The slurry flow rate was
200 M/ mn. The slurry conposition and polishing rates for Cu, Ta, and SIiQ2
are presewmbeadodate3babl e 4 . TABLE 4 EXAMPLES 25 and 26 Slpamnise@enbosexanpl es
25 and 26 were used to polish a copper disk having a dianeter of 1.25

inches. The,CVP ¢®l irghen wasng Shedensi AR ) ripht b anThe 1466n-kKgroeve
polishing pad. The carrier remained stationary (i. 5% was _not rotatﬁd) The

rotation raPéaefdt RE Fhat SARRSTOG &y didi | Ons BN REe TEPPrES I

down- force Fé&?d O@héhﬁ&ﬁpyeﬂ&hs&w@s& Fpeunes rier TaguameuhAchL( psi)
The slurry flTow rate was m/mn. The anount_of coppe rean fromthe

surface of ?ﬁépéﬁswqwfv@ﬁb3@ﬁ§“dEb§r§Pﬁ5@C@y‘H%&%%?lﬁ@s twas

di ffer nce atetgﬁﬁlﬁgap%ydln%séfeﬁtlh@eft@l@e @@E‘gl@ftQ:[lﬂ%Bﬁémélg,oﬂ a{shag into
consi eratlon the density of the Cu material, the area of the disk that was

pol i shed, amdPPRs géisikshond tiafereTHng \REehaePP EbHerd edtRhLBIt ABtPat e of

removal in OkbheORREeLift ”B¥e€hﬁeb MpRYteialhnetfkubikas o8f
exanpl es 25E§%§§ggkakgagoﬁpglﬁg 3 % ﬁéu enun18§|de (MQ2) 0
Py

in
dei oni zed mﬁb@rdl$keth§§nwéérPpéﬂéh§ﬁzeaéﬁ BA&AHERIBYi BémEor BBLR
exanpl es 25 agdt?xén\ﬂéén%eﬂga%hééfl@@e e MANOHSAMENS @ oty RS of

oxi di zi ng agents were added, as i1dentified in Table 5 . Slurries of both
exanpl s |n@ﬁu@@@pEWeréﬂévﬁdo@e@fm%nwﬁe ‘% et hyl ene diamne tetra acetic

acid (EDTA) to test t ?Hkﬁébegoebékawlgé @%wzwaqqpeghtb@aéd The
slurry conpositions an rates for the copper
3 wt.% molybdenum ox1de (Mo0O,) in deionized water. The

mean particle size of molybdenum oxide for both examples
25 and 26 was 1 micron (1000 nm). Various amounts and
15 types of oxidizing agents were added, as identified in
Table 5. Slurries of both examples included the addition
of 1 wt.% ethylene diamine tetra acetic acid (EDTA) to
test the complexing ability of EDTA with copper ions. The

slurry compositions and polishing rates for the copper

20 disk are presented in Table 5.
TABLE 5
Mean
Example ' Slurry Composition Particle pH Polish
Size Rate
(nm) (nm/min)
25 3%Mo0, + 3% KI + 1% 1000 4 146
EDTA
26 3%Mo0, + 3% KI + 1% 1000 4 259
KMnO, + 1% EDTA

Another embodiment of an aqueous slurry may
comprise molybdenum trioxide (MoO;) and an oxidizing agent.

The MoO; may be present in an amount of about 0.1 to about
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di sk are presented in Table 5 . TABLE 5 Anot her enbodi nent of an aqueous

slurry may conprise nolybdenumtrioxide (MoQ3) and an oxidi zi ng agent. The
MO 3 maywbeogvigsm®at i n an anount of about 0.1 to about POTMWS200%00008921Ch as
about 0.5 to about 10 wt.% and nore preferably in an anount of about 0.5

to about 5 O/ The ybden HO@(l@Iet() bgrpeoviged mergowder
formsuch t t i€ 'no %de%gm Iﬂr :ﬁgm de Nté)g%%ﬁér?%? y%& sgol ves Od?r@

subst ant i al pyefexabﬂy dnsalmlawsum’fn Qﬁl@@@’fdlozlﬁﬁd—oag@@ﬂlt PhEt sl ybaRRUm

trioxi de powd
ni crons) ang® %Pga }p[‘f’lg‘? é%lgﬁnﬁgeégg L%ﬁ%i%%e%@%‘ég@g&tléo?ng‘gg%ﬁnféiﬁ
meiasgred bytsachiothba thsemokyﬂﬁ@mm H’g}fl&nai@?e¢M0CGén@P~aILP§fYS‘Bé§RP%§eS
no enumtrio
a0t b de.LIDOB)  PoNdler s, AW 161 NesG, $hee8xa6e2hsl Bhyndi ssol ved

in an el ont zed wat er - and e oxl |2| ng agent. A s used
herein, theTher ml'gnhcmmjwetdtlcarndié' vpewdey whys dlaved,a medlrPRELE6LEL i ons

wherei n the_ %%:o %? 28 é;(t q%%? } glllaymoflétHQéEQrQB&

necessarily utd| ss’ol ve&1m er way, t1ons containing
particl es ofileM8O thamyabppearl,0lostramt i(al Imaﬁces)r, oRs" yiesiskireddikgoRved” to

t he naked eye, .eve though t arti cI f a3 t |y
di ssol ved. ﬁﬁr&%tae haffhe S50 cﬁp Eglﬁzgglzgeousr@él lr}%rl%gﬁmggggkgblsse
ol ybri c aCmd-lyHal%ndms&Qil@bdld@ qmomgl ybdedenst havindethasansaggesoage

o O, o eI L R AR AT P o nEdug e

nol ybdenum gsirdes aner thie! yhdatied nignagendxi ddzi nged herein, the terms
“dissolved” and “visibly dissolved,” refer to solutions
wherein the particles of MoO; are at least partially,

15 although not necessarily completely, dissolved. Stated
another way, solutions containing particles of MoO; may
appear substantially clear or “yvisibly dissolved” to the
naked eye, even though the particles of MoO; may not be
completely dissolved.

20 An alternative embodiment of an aqueous slurry
may comprise molybdic acid. The dissolution of molybdenum
trioxide in an aqueous solution of deionized water and an
oxidizing agent may form molybdic acid. In addition,
molybdic acid may be formed by dissolving molybdenum

25 métal, molybdenum oxides, or molybdates in an oxidizing
medium. The term “molybdic acid” as used herein refers to
any compound containing molybdenum and capable of
transferring a hydrogen ion in solution. Embodiments of
the aqueous slurry of the present invention utilizing

30 molybdic acid may comprise the same oxidizing agents,
complexing agents, surfactants, corrosion inhibitors,
acids or bases, and supplemental ceramic/metal oxide
particles as are listed below for the molybdenum trioxide

aqueous slurry.
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medi um The term "nol ybdic acid" as used herein refers to any conpound
cont ai ni ng ol ybdenum and capabl e of transferring a hydrogen ion in

sol uti on.warhedi7o®at s of the aqueous slurry of the preseot/usaaentisen _
utilizing nolybdic acid may conprise the same oxidizing agents, conplexing
agents, surfactants, CcOR&QR®NpAAPIO1ESy AFd O@qloté@sg%ma?q,%&% ment al
ceram c/ netal _oxi d articles as are |listed below for the nolybdenu .
trioxi de aqudod$is FITHONGO '8 sa Preees drajpae rppdducedchram afomri ety
of ol ybdenuwsgagitdj NemthoRR @GUMSOT iR €dd aksiy %%Hh@gﬁ Egﬁggﬁﬁggteas
anmoni um nol yhdat es and_rel at ed conpounds, as well as molybdenum oxi des
prepared fr v &S e‘El?lB]Pd%?%es%@éi.%omepﬁfﬁﬁe Brom wheverhehwl ydenum
Precur or s FbAIOME e &l D2 HIRAG Mt QAL RS Mol 11 iAo

Mol ybdenum trioxide particles suitable for use in the present invention are
commer ci al | PRy RTUBIEF remn dsnimnpsley driter ypaoft isplaces], vamtiug g 2dwe O i max
Mol ybdenum Gonmaie @im Fior iMBGIG80 Ny 2 400y L US) 115 + TR OXEGLZI NG, agigntthf%sed

wi th ol ybdenum trioxi de (MbO3) may conprise any one or a mxture 0

hydr ogen peRF&sff Hpegytion erke ccammenceal Fg( NEBi3pblepdiragsiaumidzdat e
(ool ate (2528 (B Houftlas s B RELTRNIAIRAL 2 SR MAYRRS
persul fate (K 25208), ammoni um persul fate N S , potassium”
peri od8t e (K@PANAME WYy ddgdisrme IR AYS). . Hydr ogen pergm de OXIde t2| 28
agent may be present i on L ONs _r in m t 0. 0, abou

wtg% HZOZY such as, abouTt%é:;L tgggﬁ%%h% }%ﬁ%gl%zogﬂlg%cgd r%rg?}é{ p%ngaogélﬁggﬁlnﬁlr[} n a
concent r at i diFisigloutMaOnt yieYOPcoert$e rinty abeecoxddi 2i nuyi wigerd ey be

hydrogen peroxide (H,0,), ferric nitrate (Fe (NO3) 5) ,

potassium iodate (KIO;), nitric acid (HNO;), potassium

15 permanganate (KMnO,) , potassium persulfate (K,5,04) ,
ammonium persulfate ( (NH,) ,8,04) , potassium periodate
(KIO;), and hydroxylamine (NH,OH). Hydrogen peroxide

oxidizing agent may be present in concentrations ranging

from about 0.5 to about 20 wt% H,0,, such as about 1 to

20 about 10 wt% H,0,, and more preferably in a concentration
of about 5 wt% H,0,. Ferric nitrate oxidizing agent may be
present in concentrations ranging from about 0.05 to about

0.2 molar (M) Fe(NO;);, such as about 0.1 to about 0.2 M

Fe (NO3);, and more preferably in a concentration of about

25 0.2 M Fe(NO;);. Potassium iodate oxidizing agent may be
. present in concentrations ranging from about 1 to about 5
wt% KIO3;, such as about 1 to about 3 wt% KIO;, and more
preferably in a concentration of about 3 wt$ KIO,. Nitric

acid oxidizing agent may be present in concentrations

30 ranging from about 0.5 to about 2 wt$% HNO,;, such as about
1 to about 2 wt% HNO;, and more preferably in a
concentration of about 2 wt% HNO;. Potassium permanganate
oxidizing agent may be present in concentrations ranging

from about 1 to about 5 wt% KMnO,, such as about 2 to about

35 4 wt% KMnO,, and more preferably in a concentration of
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present in concentrations ranging fromabout 0.05 to about 0.2 nolar (M Fe
(N®3) 3, such as about 0 .1 to about 0.2 MFe (N33)3, and nore preferably in
a concentweatz@mn7edozabout 0.2 M Fe (NGB) 3. Pot assi um i odaCe/uszéodiogisny agent

may be present in concentrations ranging fromabout 1 to about 5 wt % KI O 3,

such as abou 0, ahoyt % K I ref.er AV
concentrati o%b%'f{ a%oﬁ?%& %' Kl OIP?CQRIFPng {rlﬁcggg%éﬁof%t% ??Jnlgdlazgen%{ arlga%/n%e
present in comgcemtratésastr angicogcentmraboonts Gahgtimaabmem 2beth HNQ @, such

25 about T Lo ahouL ZLp RO Soand, omape or of Srabl din 2 gancentpation of

about 2 wt % asstumper nangan oxi @i zing agent” nmay b&Pr¥sent in
concentr at i omsd r awgengpfebaraibbyt i teco abooenbrat VoKM@ 4abswich3asvibout 2

to abo%t 4 %@5%04 and mre rl%fﬁrabl éﬁi.n.a concentrati,on ofabeonug 3 w%

KMhO 4.7 Pot assFum p@%n%nt?lnflé]tmepgxis rzimg agent “rHy BESp LahtPF Pres

concentrati oiis rangendgribtdonasbadnding dbomt Hoaits K232Babsuich5asvigbout 2

to about 4 w9 K252(8, and nore_preferably in a concentration of about 3
wt % K228, " RSAT T pETCll (31 S BRTer 21 B8 ATOHE 1y e pRECeRESim T
concentr at i ansre angtefe falohy abbDut 4 taoredxanit r ot o (NI ASA0GB, Buactas
about 2 to a % (NH4 25208, and. npre preferahly in a concentration
of about 3 wiSHQRRH2S20R0 BEEAST (AT BORr 4Estn g Etint Mty o
presentd i n concentt al hork®ncandinag ibhemmahatiingl £oombavbubwl %t Klddbhutsuch as

Sbout 3 vt 9 G2 By drbx9R ah NS BAF a7 erfig RGN drei be presdd mpEe
concentrati omseferwgpyg fiwmabadncertralian i WdEOH3 sweh agrapout 2
Lo about 4 wigNECH, and more preferably ip aconceptyatjon of abolt 3 %
NH2 OH.
concentrations ranging from about 1 to about 5 wt$% NH,OH,
15 such as about 2 to about 4 wt% NH,0H, and more preferably
in a concentration of about 3 wt% NH,OH.

Additionally, complexing agents may be used in
the molybdenum trioxide (MoO;) aqueous slurry. Complexing
agents may comprise any one or a mixture of glycine

20 (C,HsNO,;) , alanine (C3H,NO,), amino butyric acids (C,HNO,),
ethylene diamine (C,HN,), ethylene diamine tetra acetic
acid (EDTA), ammonia (NH;), family of mono, di, and tri-
carboxylic acids like citric acid (C4zHgsO,), phthalic acid
(C¢H, (COOH) ,) , oxalic acid (C,H,0,), acetic acid (C,H,0,), and

25 succinic acid (C,HO,) and family of amino benzoic acids
(C,H,NO,) .

Glycine complexing agent may be present in
amounts ranging from about 0.1 to about 5 wt.% C,H;NO,, such
as about 0.1 to about 3 wt.% C,;Hs;NO,, and more preferably

30 in an amount of about 0.5 wt.% C,H;,NO,. Alanine complexing
agent may be present in amounts ranging from about 0.1 to
about 5 wt.% C3H,NO,, such as about 0.1 to about 3 wt.%
C;H,;NO,, and more preferably in an amount of about 0.5 wt.%
C;H,NO,. Amino butyric acid complexing agent may be present

35 in amounts ranging from about 0.1 to about 5 wt.$% C,H¢NO,,
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Addi tionally, conplexing agents nay be used in the nolybdenum trioxide
(Mb@B) aqueous slurry. Conplexing agents may conprise any one or a mxture
of glyci neo@eai63Ne2) , al anine (C 3H7/NO2), ami no butyri eCaaisd®ec(®s4HINC?) ,
et hyl ene diam ne (C 2H8N2), ethylene diamne tetra aceti c aC| d (EDTA) ,

NH3guch amdd y a@burong, 1diyo anghddd gar‘ppx%/l i - 1A L fric
:(r:rlrrgm(?: éHSO%uC ht thal cuaC| d (C 6H4 ( COOH) ;" oxal'i'e éé d %5: ﬂ%@l ,
acetic acid ¥ %&1 Y inggd s0esRk @fa%]@@u’%c@ﬁ-@@)’ @mﬂgNCam | 5t lof Lamé no

b I i I 1{? P sent in
benzo ?Sh?ﬁ%ﬁ?ﬁﬁ‘?ﬁ%ﬁﬁo%a{bieﬁtﬁ??%ye%ﬁrégé%s REEEEMT, o |
to about 3 wtTeH GABNOL - lade® mhrcattpdeiiér abCdebh,aﬁuahnalat?mwanm ﬂbr50vnv]t %
C2HS Al c exi en ampunt.s rangi,n
Zbout 0.1 to apou Boer seialenap i BEESRDtR by 2R A b,
C3H7TN®2, andBhfitle brefrar- a%)lci/zfﬁsﬂz -an Féﬁ’mlrﬂna)fdmaute Ok 5 1t %e(ﬁﬂd:?l\d@id Ani no

[ [ | from about
butyric aci dcGmexidgs i ammunts ran i.n
0. 1yto about 5 wt. % C4H9 suc eergﬁl to a ou% n%4 , and

more pref er @RI 1 -dn tanmeletitod Hb@@t EOTB, \Msu%lmﬁ%lﬁﬁut =i l'iyl’cﬁﬂeabﬁua‘m ne

[ bout
conpl exi ng agent. smpnrae BHLESEAL-l rapolng from about 0 to a
5 \r/rvtp %CZEISNZ such as about % © Br g [sLy W 596 ?—%IF\E %3—9
prefeFLQbI y iWE dn BRBANt Gmmvia OOIBPMx%@ZHaNﬁt Ectafwl]e@epdeaﬁhlae itretra

acetic acid gouplexing ?%%%”%rWaBS sgné(1 g uarrcggg W%Brﬁ\iﬁ o rom about

0.1 to about 5 wt.% E such as a _and
nore pref eraﬁ?%}lﬁ P -an ’faﬂnﬂmut)ﬁabbu% OH5, win&o EDFA, pémmnlaalyoml exi ng

agent may begRygseRt LBoAIDYNES,{ w%}pg féon}:f‘goaucgl co]fng;[loexﬁlogu'[agSenv‘t!_'t %

N8, such asmay be present in amounts ranging from about 0.1 to about
15 5 wt.% C¢HgO, such as about 0.1 to about 3 wt.$% CsHgO,;, and
more preferably in an amount of about 0.5 wt.$ CgHgO4.
Phthalic acid complexing agent may be present in amounts
ranging from about 0.1 to about 5 wt.$% Ce¢H, (COOH), such as
about 0.1 to about 3 wt.$% CeH, (COOH) ,, and more preferably
20 in an amount of about 0.5 wt.$% Ce¢H, (COOH),. Oxalic acid
complexing agent may be present in amounts ranging from
about 0.1 to about 5 wt.$% C,H,0, such as about 0.1 to about
3 wt.% C,H,0,, and more preferably in an amount of about 0.5
wt.% C,H,0,. Acetic acid complexing agent may be present
25 in amounts ranging from about 0.1 to about 5 wt.% C2H402‘
such as about 0.1 to about 3 wt.$ C,HO0,, and more
preferably in an amount of about 0.5 wt.$ C,H,0,. Succinic
acid complexing agent may be present in amounts ranging
from about 0.1 to about 5 wt.$% C4HgO; such as about 0.1 to
30 about 3 wt.% C,H,.O,, and more preferably in an amount of
about 0.5 wt.% C,HiO,. Amino benzoic acids as a complexing
agent may be present in amounts ranging from about 0.1 to
about 5 wt.% C;H,NO, such as about 0.1 to about 3 wt.%
C;H,NO,, and more preferably in an amount of about 0.5 wt.S

35 C,H,NO,.
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about 0.1 to about 3 wt.% NH3, and nore preferably in an anount of about
0.5 wt.% NH3. Citric acid conpl exing agent nay be present in anounts

rangi ng fwormednoets20. 1 to about 5 wt . % C6H8O7 such as a@bowatS2@6hods8e2 about 3
wt . % C6H38O7, and nore preferably in an anbunt of about 0.5 wt. %C?HBO? bout
Pht hal i ¢ aci d conpl exi yd¥e Pigsentsi : rom abou
0.1 to about 5 wt. %CG%&b?@C%—B@ such Iasfggo%t @Sﬁﬁfgggﬁﬁg’éﬁﬁ@%ﬂg&e 956 Ha
(COH) 2 andtﬁi—)@%l%@ef )y may al@toube afrebioded 0wE bl . %@&H?lcérmg) t2
Oxalic acid agent s hespre unts.raggin rom abou
0.1 to aboutglgﬁé%%ﬂ(ﬁgwo%ﬁsuc as & ou%ﬁgkafgﬁgngou? 3 W . /&EZ]!-@& and
nmor e prefera@‘lllyfcil%t@mtarmﬂihte ehmision DuSfatt 96 C2HREM. iAcetiec apiebus

conpl exi n I, 0 from hout 0.1 1o about
5 \r/\T/tp %)502343%92%% gﬁ?i»g@% o) abou% é \/\g % rpaolﬁ%&?%r Eferably
in an armunta@idali@aﬂ G) B wea¥% e ce. a&na:bl OrCJEL(SI ds&lgtmpl azymglfgt%im m;ty
be present i angi om ab t o _abput 0 CA such as
aboEt 0.1 toéla ut A)ngil]i%ﬁ né m)ren:b? ef€rabl YT nt &R afouht ot about

0.5 wm.% MFWSPWWIID e odT a’csdsa&$ aandnpl exilrfpsagenin i el pfesent

i t ro ou % C such as about
01 1o about T vk 2Lt C7Iﬁ%02éaglén%§r esur%lgfcgra% ﬁ%‘z aﬁ%npa%fe%%ut 0.5
Wt . % ©PH7 NO2s b mert sogiprsiser ragg ooet ami ag midtyfdensn tr igxinder MoOB)

may al so be d ni oni c. surfactant, ,an ani oni.c surfactant, or
a Zatl onic sur aéct g%t 1§%e%:film%dm‘_’l SUTT% CflaaW godgsi % he tEqued E'slaurry

may conpri seterylarne arire mxtidre oflpolarat ray|due tairth (PANIna @arioxyl ic
acid or its 5&&% E%ﬁ%“ﬁo’féﬁlc surfactant may be one or a mixture of
one of the family of polyethylene glycols.
15 Optionally, the molybdenum trioxide (MoO,)
aqueous slurry may also be provided with a copper
corrosion inhibitor which may comprise any one or a
mixture of heterocyclic organic compounds including
benzotriazole (BTA), benzimidazole, poly triazole, phenyl
20 triazole, thion and their derivatives. Further, the
slurry may contain any combination of these surfactants
and corrosion inhibitors.
A preferred anionic surfactant used in the MoO,
slurry is a salt of dodecyl benzene sulfonic acid. The
25 addition of a small amount of the dodecyl benzene sulfonic
acid (DBSA) anionic surfactant to the slurry drastically
reduced copper coupon dissolution rates to about 0

nm/minute and blanket copper wafer polish rates of about

750 nm/minute were obtained. See Example 34. This low
30 copper coupon dissolution rate indicates low dishing of
copper lines during pattern wafer polishing. Dodecyl

benzene sulfonic acid surfactant and salts thereof (DBSA)
may be present in amounts ranging from about 0.00001 to

about 1 wt.% (DBSA), such as about 0.0001 to about 0.5
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ester or its salt, a sulfonic acid or its salt, a phosphoric acid or its
salt, and a sulfosuccinic acid or its salt. The cationic surfactant used in
t he agueowe 28éan76392nay conpri se any one or a m xture of PaTISRODENYOSAZYI ne Or
its salt, a secondary amine or its salt, a tertiary anmne or its salt, and

a quat er nary agni NeEGA ) I t ars@ldord hpr@@eh:%ug sy faet apbufay d¥fe ansuer a
m xture of one of the anllg of polyethylene glycols. Optionally, the
q

mol ybdenum @ r &k We- ¥ B2 hqueous slurry may al so be provided with a

copper corrosion inhifitpsruhi6l BBYpERNRLIrFS sadY ARG Y tdrTudal ei of
het erocyclic organlc conmpounds,_ i ncl udi ng benzotri azol e (

benzi mi dazofee W¥ePy %#W%ﬁbl%s %ﬁ%ﬁ?FI%FFQ%SIéBTﬁhlon@%ﬁj%iaﬁquRw?@atlves

Further, thergl yJycngy scm;@y Nb2BYioE@NDEsRE T Aheof gt Beseusubhactands and
corrosion inhibitors. A preferred anionic surfactant used in_the MO 3

slurry is ad:s@ﬁl@qalabdewl%ﬁw&éﬂ MBdnyded. FRe 59FPien of a smal |
amount of the dogdscyl: benzene @afioRicpRE dokPBSAbnanhRMbELEUrhagtsat to

the slurry drastlcally reduced copper coupon dissolution rates to about O
nm ni nut e apdedeRRkEr VPRSIt sRflan Haandinatieemopbasut Y802 harkE dite were

obt ai ned. Sge Jffas@ﬂ@igr%m%m' O ERPRST a1598POD b SHObwt | 0 it grandi cat es

| ow di shi ng copper lines during pattern wafer polishing. Dodecyl benzene
sul f @M ¢ ac@@dstmlf%tmléﬂﬁe@hjlisﬂq ¢ CRECEHt LEDBSA) ofaglpBtpt @sBHtBTA- anpbunt s
rangi ng from about 0.00001 to about 1 wt. % (DBSA), such as about 0.0001 to

about 0.5wt. % (DBSA), and nore preferably in an anount of about 0.001 wt.
% (DBSA) . The pH of embodiments of MoO; slurries according

to the present invention may be in the range of about 1 to
about 14, such as a pH in the range of about 1 to about 5,
and preferably having a pH of about 2.6. The pH of

15 embodiments of slurries according to the present invention
may be adjusted by the addition of suitable acids (e.g.,
acetic acid) or bases (e.g., potassium hydroxide), as
would be known by persons having ordinary skill in the
art.

20 Yet additional embodiments of MoO; polishing
slurries according to the invention may also be provided
with supplemental ceramic/metal oxide particles. Such
supplemental ceramic/metal oxide particles used in the
agueous slurry may comprise any one or a mixture of

25 silica, ceria, zirconia, titania, magnesia, iron oxide,
tin oxide, and germania. A preferred supplemental
ceramic/metal oxide used in the MoO; slurry is colloidal
silicon dioxide (Si0,). Colloidal silicon dioxide (Si0Q,)
may have an average particle size of about 20 nm.

30 Embodiments of MoO; slurries according to the
present invention exhibit high polish rates for copper
when used in the CMP process. More particularly, when
molybdenum trioxide MoO, particles were dispersed and

dissolved in an aqueous solution containing hydrogen
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A preferred copper corrosion inhibitor used in the MO 3 slurry is
benzotriazole (BTA) . The addition of BTA to the slurry brought down the
di ssol ut iwo 2neee3sdr astically, to less than 50 nm m nut eCT/uSe@sfsmopl es 30
- 33. Benzotriazole (BTA) copper corrosion inhibitor may be present in

concent rat| ofs- 8216 Nehd | oM ehlllark: Lo RPAW 2200BbLL Pl 81 L) BIA, Such

as about 1 to about 10 A, and nore refera In a conce of
about 10 mM BT BRIBI oftadifsodi (felt-s ofibwda 328h0r romémibmeoe di eeto t he

present | nvessi amamy iedudie wanae ot Aoupoh £o58b0uL 34 rauch g9 2 pH

in the range of about 1 to about 5 , pre aV| ng dbout
2.6. The pH Btienbbdraenvsref agpar hileb decardi ra?@OtU(t tlriéSOprrHS/entnu‘m/)entl on

may besadj u agdi ti b et Ci or
ba>s/es (5e Jg %%tgﬁéﬁlg%ﬂehggr ox?{ihi)sr %\% {jg %Sig?ul)é/ﬁ %&dp§ﬁ$§n e Siq%
ordi nary skifdtes indiapte Vae @dﬂllmeomemm@hmehuseobfwm@& sp]nlmsy'\l ng

slurries acc{dhiehio. th@nbn\é%n Qsﬂ supp eman?gl RLQY d§ d/rvr%ng:% %&%)I enment al

ceram c/ netal oxide particles. ceramic
particl es usBh nat i @dyuebesishlr ﬂ;ﬁamxym(tryprlse dauey tomethe gantxtal e of

Silica, cer idhs 00N Ao d Ithany s BRORGS! &-1 L1 OB, Qidle, {in oxide and

germani a. A preferred supplemental ceram ¢
slurryOis cothigitdafosh imedybdiioxiateld Si OFhe Codpoedaliskbilaenodi wmdtde

(5,00 T I A veianc, o kel tesBL SRR, MRInGRET s of oo
copper removed in those regions of the wafer that are not subject
to mechanical abrasion. With proper choice of the
concentrations of the additives and by inclusion of a
15 corrosion inhibitor, polish rates can be tuned according
to a user’s requirements and dissolution rates can be
minimized.

As shown in Examples 29 and 30, blanket copper
wafer polishing rates of one embodiment of an MoO; slurry

20 of the present invention were determined to be as high as
about 1200 nm/minute with post CMP surface roughness of
about 1 nm. The slurries of Examples 29 and 30 were
filtered to remove particles above 1,000 nm (1 micron) in
size and 1.0 wt % of 20 nm colloidal Si0, abrasives were

25 added.

The post-polish surface of the copper was good
with post CMP surface roughness values of about 1 nm as
measured by a non-contact optical profilometer. If higher
post-polish surface quality is desired, the CMP polishing

30 step may be followed by a buffing step. In one
embodiment, the buffing step may involve additionally
polishing the copper surface with deionized water for
about five to about fifteen seconds at a pH in the range
of about 5 to about 7. The advantage of using a deionized

35 water rinse buffing step 1s the removal of reactive
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when used in the CW process. Mrre particularly, when nol ybdenum tri oxi de
MO 3 particles were dispersed and di ssol ved i n an aqueous sol ution

cont ai ni nyofyevwgmnper oxi de and gl yci ne and used as a ceppas2@vBosberry,

hi gh di sk polish rates (e.g., about 2150 nni m nute) were obtai ned. However,

th opper COMPR S o] at r re
abguf Ii)li)SO anﬂ%?%a? q:}Slle%anll E)rt}z}i]%p ﬁé%%ﬂ%%%se%&%ﬁf%ﬁso gk?’gnm%‘%ﬁe

pol i sh rat est¢aieat eampanast iofe rmilemc@iunna@m@e othaheH@h/ume}naahemm:al S.
One of ‘the reasons whvet s shair iy sexhplits déa Ohah SRl geaet I vity

is due to the parti |ssolut|on 0 rIOXI
MbGBnano- parwléf@%es V\Mrs‘@?ﬁ ﬁxbwtrﬂlthﬁ:ﬁt@JacmdosGQQenbppenffdngsmﬂsquorarate

gives an | nAEA ol bey T 316s3 WLh.SORPeL RN De efpved, iy hose

regions of t Ratr“are not’s ect to mechani cal abrasion J\ﬁ’ h
proper choi c@&s ofbrlkg c@néerttcr abi. 6nsmmf ashenamslitédedyand hyrnnodnisdaon of a

corrosion ”&5 déégisp ?f%f&né@éfs can be tuned according to a user's

requi renents "an ron rates can be mnimzed. A's shown in Exanples
29 and 30, bl anket coppethvieferepadiisimenates tdie ormn asrbodi tiesis aff an

M3 slurry t t_] n n e_determ.ned to be as high. as about
1200 nnt mi nuJL?{ae wg}'?%&{gg?gcﬁ}aaéﬁr %‘ggew\rﬂgég § & OB 2850 Ut Tt nIé"r?g frries
of Exdfpl es aZ@DlancflSBa vwerarfdg taer @thet endemﬁv‘eh@amf@t eso bstviend,, GRrynm (1

X . 0
The post - port i ERFELE 3t d e SipePbhas QOO0 R EHepoS! Chb CrTaeE
roughness vatams 6MPaboatghnassas(e.g., about 0.5 to 0.6 nm) were
obtained. Copper coupon dissolution rate in this slurry
was low (e.g., about 40 nm/minute). When a small amount
15 of an anionic surfactant, such as sodium dodecyl benzene
sulfonate (SDBS), was added to the MoO; polishing slurry,
copper coupon dissolution rates became about 0 nm/minute,
indicating low dishing of copper lines during pattern
wafer polishing, and blanket copper wafer polish rates of
20 about 750 nm/minute were obtained. See Example 34.

The general methodology for pattern wafer copper
polishing is to polish the bulk copper initially at a high
polish rate and then, as planarization is achieved, the
copper polish rate is reduced in order to minimize dishing

25 of copper lines. With proper adjustment of the slurry
constituent composition and process parameters, the slurry
of the present invention can be tuned for this general
methodology of polishing at higher rates and then lower

rates.

30 EXAMPLES 27 and 28
Slurries of examples 27 and 28 were used to
polish a copper disk having a diameter of 32 millimeters
(mm) . The CMP polisher was a Struers DAP® with an IC-

1400, k-groove polishing pad. The carrier remained
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measured by a non-contact optical profilometer . If higher post-polish
surface quality is desired, the CW polishing step may be followed by a
buf fi ng swepoodatere enbodi nent, the buffing step may i reoiUsRocadkisv: onal |y
pol i shing the copper surface wi th dei onized water for about five to about

fifteen secd&g a(gn n thewértg%g(ﬁ ogotaabc?uéa 5t abrooué‘_jt:L n Ea'?t dovgnt age

of using a ioni Zed ri nse ing' s e Tenova
reactivec henltln:allcsla‘vermv»tarse amafrewoﬂadtllonBepéacm;nubéc hrpeiovebhe esivaual

anount s of bde m0|dethat ma i.n ont surfaeof t he

waf er - pad. g’%%ce n%]a n%o?rh r3’)ppc;’a(?psurf Jt:Se]§ Wit e ?otalur‘féds e S%uabsequent
buf fi ng usi ngmh dépshi zed Meslummge,fmmé hwaeugithess/Mahues Ese | ow as
about Q.5 to 6 ran.as neas

éanon-ﬁ nt act Opth% tg{of 110 ter .
Wth pPoper %{Wlﬂfgt r%%tc%?p?ﬁerggﬂg At FAPToRECoP UEHEENS Yand
with a dei om:l\medﬂamt@étérmSEeﬁobyabeatsuﬁ:iimg sheones galt tdmef:ﬁidarm‘e tdfe waf er

pol i shi ng, ol,i.sh rat ab 00 nmi.m nute very | ow
post CMP routg?w eggg?% dlsgb lﬁt?b tgf#%f% %mﬁrr’?f FeP 86%&%&9? 9 coupon
di ssol uti on 1wite dcmshhies:asuwrr yth/msleh@\Nt(yeog theb@du@péﬁ it ¢ Daut e)thathhen a
smal | anmount_ of an.a onlg E}ft ant, suc SOdI u dggﬁcy benzene

Bd <t % upon

sul fonate ( e ¥B® BO &IS fir nga

di ssohgt i on tahes Wﬁa@@;&iﬁeno conlgrigtieint 8dt et tage | OV Hhtdwag iof
copper Ilnes during_pattern wafer polishi gg%léand bl anket copper wafer

pol i sh rat est OBt 50" PR Aot ESTReYe? iyt Bee Exanpl e 34. The
general nethodol ogy fatofpeét er soupbar eepperup@bhshidigdrsnentol ivdrd he

bul k copper éég gé%é f% Eig%éJml glass beaker containing 400 ml. of
the chemical solution. A copper coupon (i.e. 99.99% pure)

15 of dimensions 25 x 25 x 1 mm was used as the experimental
sample. The copper coupon was hand polished with 1500
grit sandpaper, washed with dilute hydrochloric acid (HC1)
to remove copper oxides from the surface, dried in an air
stream, and then weighed. The copper coupon was then

20 immersed in the solution for three minutes while.
continuously stirring the solution. After the experiment,
the copper coupon was washed repeatedly with a deionized
water rinse, dried in an air stream, and weighed. Weight
loss was used to calculate the dissolution rate.

25 Example 27 contained 1.0 wt.% MoO; in deionized
(DI) water and Example 28 contained 1.0 wt. % MoO; in
deionized (DI) water with 5.0 % H,0, and 1.0 % glycine as
an oxidizing agent and complexing agent, respectively.
The natural pH of the Example 27 slurry was about 1.8.

30 The natural pH of the Example 28 slurry was about 2.6.
The remaining percentages not specified in the below table
for the slurry compositions is the percentage of deionized
water. In Example 27, the MoO; comprises 1% of the slurry
composition and the deionized water comprises the

35 remaining 99% of the slurry composition. The slurry
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polish rate and then, as planarization is achieved, the copper polish rate
is reduced in order to mnimze dishing of copper lines. Wth proper

adj ust renwoabodd1e39g| urry constituent conposition and pr ®@CedAs2@@anense ers,
the slurry of the present invention can be tuned for this general

met hodol ogy of poljshing at_ hi r and; 4 r . EXAWPLES 27
and 28 SIurFP@ggﬁ%Léggﬁbleé: and %ghggpe 3%%5 tdgfﬁﬁﬁshqﬁgggbper di sk
havi ng a di poeiehing B2tet| Fonetkescopppr. dihl CHPEpanPsAsr2hasnd SBruers
DAP(r) with an 1C 14 Od k-ggggxg eolishing pad. The carrier

remai nedst afFBnBF§SEPTEY, tas®not rotated). The rotation rate of the platen
was 90 revolutions per mnute (rpn) . The downforce placed on the copper

di sk was 6.3 pounds per square inch &gﬁiﬁ The slurry flow rate was 60

m /mn. The anount of copper renoved ron1?he surface of the disk by CW
was determ ned by neasuring the weight difference of the copper disk both

before and after polishing—taki-rg—rto—constderatt+otr %h?-ﬂeﬁsrty-nf t he
copper matefial, thd area ofslttmy di sk that was polPPsred, |dHdseHESBI|i shing
tine. This hWag.then [converbgshdiRtont he rpt epiof fempwad in termseof r%m of
copper renoyed per ninute. Copper coupon| dissol ptiQn,XPgri MEisniverie
performed i ker—econtpr-Rg—E00——of—the—chemTial
sol ution. A copper cloupenmdds. e DIWHSY plr &) 8of | di méhsi os 253K 25 xi 1 nm
was used as I En I Thel| copper|co was h opol ilshed
Wi th 1500 gfi gﬁ,&%g$§ggpﬁﬁ%ﬂ2éi u?%@hyjroggggric acﬁgg(HCI) to
remove copp %§nPt¥rénsurY 8Ce, dfied in|an air

water

EXAMPLES 29-34
Slurries of examples 29-34 were used to polish
a copper film deposited on a silicon substrate by sputter
deposition. The copper film had a diameter of 6 inches.
The CMP polisher was a Westech Model 372 with an IC-1400,
k-groove polishing pad. The carrier was rotated at a rate

of 75 rpm. The platen was rotated at 75 rpm. The down-
force placed on the copper film was 4 pounds per sguare

inch (psi). The slurry flow rate was set at 200 ml/min.

10 The amount of copper removed from the surface of
the silicon substrate by CMP was determined by measuring
the sheet resistance of the copper film both before and
after polishing at 17 points spread across the film

utilizing a home-made paper mask and a 4-point probe.
15 Sheet resistance was measured at the same points on the

film before and after polishing. The measured sheet
resistances both before and after polishing were then
converted to respective film thicknesses before and after
polishing based on the resistivity of the copper material,

and the voltage across the 4-point

20 the current applied,
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stream and then wei ghed. The copper coupon was then inmmersed in the
solution for three mnutes while continuously stirring the solution. After
t he experwoends/0763%¢ copper coupon was washed repeat edl y pairtus2@edeisoni zed
water rinse, dried in an air stream and weighed. Wight |oss was used to

cal cul ate the dissol on r I i in

dei oni zed (Blr)o it er @‘%rpjfenc‘zgnggﬁtﬂéléned% gwgr%lg}gl\/b%% M?L(r?gel oni zed

(D) water \tuihtim&le@s%sl—lz arid poAnisgl verrpe aslatml@t(edt ziarg agemaoand

conpl exi ng respectively. he n tu al pH of I rry was
e tadrmantes 6Rs Rkt gl 5ol TR, 80 S

about 1. 8. sI urry was about
remai ni ng peadrimgdsienalo spee ftlhesd porintsﬁre deedeoviirt ab nifror the slurry

conpositions is the percent age of dei on| zed ter 27 e MO 3
corrprlé 1% of the sl Lo ofPBR Y o HREC T Rt 98 oﬁ?%%ﬁlﬂgbgfc’ corrtf)f:%l ses
the renaini perFAWnefd tire asI500r ylCoppasist ﬂo@lakeliheowtlanmm@mé@@ m’long,f copper

coupon di ssol uti gn rat d, polis rates for th p
Exanpl es 27 Ty m&rcéﬁp 385588% rr?"l‘g?ﬁ%e% co%t_ X%%PI?%IS félr@l
Slurries of rexany Qﬁ.n%&rsi%dwroef esethnt & R Il'[&hxalCﬁllﬁtp@ﬂan lseddeposinted on a

silicon substrate b utter depo ion. The copper film had_a.di rreter of
5 | nehos. | RTINS AN GATRAS o WeSt GORERBaS0 B Wreh BaAT) EORseT

k-gropye pOMﬁﬂHlﬂﬁdﬂﬂérifh%aﬁapbp%& w&asmgkamaﬁhaulaum@tay@&oéalbﬁmm The
pl at en was rotated at 75 E The downforce pl aced nthg pper_ filmwas 4
pounds per $§idt el EPsFFMOVERENY| GIRPHT 3T et g8 §BE Eglrf@(? St/ min.

dried in an air stream, and then weighed. The copper

coupon was then immersed in the solution for three minutes

while continuously stirring the solution. After the

15 experiment, the copper coupon was washed repeatedly with

a deionized (DI) water rinse, dried in an ailr stream, and

weighed. Weight loss was used to <calculate the
dissolution rate.

The slurries of Examples 29-34 contained 0.5

20 wt.% molybdenum trioxide (MoO;) in deionized water. At the

end of the wafer polishing a deionized (DI) water rinse

was applied for five seconds. Example 29 contained 0.5%

MoO; + 5.0 % H,0, + 1.0 % glycine + 5 mM BTA — filtered with

100 nm filter + 1.0 % Si0,. The natural pH of the Example

25 29 slurry was about 2.9. Example 30 contained 0.5% MoO; +

5.0% H,0, + 1.0% glycine + 10 mM BTA - filtered with 100 nm

filter + 1.0% SiO0,. The natural pH of the Example 30

slurry was about 2.9. Example 31 contained 0.5% MoO; + 5%

H,0, + 0.5 % glycine + 10 mM BTA - filtered with 100 nm

30 filter + 0.1% Si0,. The natural pH of the Example 31

slurry was about 2.6. Example 32 contained 0.5% MoO; + 5%

H,0, + 0.5 % glycine + 10 mM BTA -~ filtered with 100 nm

filter + 0.5% Si0,. The natural pH of the Example 32

slurry was 2.6. Example 33 contained 0.5% MoO; + 5% H,0,

35 + 0.5 % glycine + 10 mM BTA - filtered with 100 nm filter
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The amobunt of copper renoved fromthe surface of the silicon substrate by
CWP was determ ned by neasuring the sheet resistance of the copper film
bot h bef owe 2aewh7efoeer polishing at 17 points spread acr ®@s3/ush@ecfonisn?
utilizing a hone-nmade paper mask and a 4-point probe. Sheet resistance was
nmeasured at the sanme .points,_on the fjlm before d after,polishi.ng. The
nmeasur ed sheJre'?L 'rOZsfi J?g)ﬁCesﬁB%trﬁa%%%—i‘)ir epr%n%‘% a‘fkf%?ﬂﬁ%vﬁ% |%1:8 S\/\l/eurreryt Her
converted t mbmsperié ve HidnpidiIknesses el b e5anba@f tebspaLdshi g Hased
on the resistivity of t Cc mat erj.al , current appli.ed, d_t he
vol tage acr oﬁssg\ﬁﬁf)énﬁ ;)J’oiqﬁt B&g%ga T’hé'gb??e?éﬁ%e‘bﬁ%&%ﬁeﬁh@@? 19 Ag" and
final thickneisisesr a+s 11 07 poisaDs. wehe caltoidl efH avraveiageltibrgkreSs | oss
was obtai ned, whi ch s then divid&dzb y the polish tinme t ,o give the polish
rate i A nm M cpper cBaporrfEsoluli-on eXper iHEHE Snerd“Ferfor in a
500 m . (gl assaheakess C@ﬂ; 8iri10£ ngn4gﬁems.11ﬁ:rfiéshfeoﬁth{iamptLeEOQ@t—B@ln.wa% copper
coupon (i.e. 99.99% pure vin i mensi ons o 25 mmx 2 5 1l mm
was used a GRIME AbATnent A SSRpHEINThBOZERBEATESupS WEE TEHE DTt shed
wi th 1500 griHe sw&pg\ge&%abmhﬁdrw t?ediéy%_eﬂ)yddﬁ@ﬁﬂ%é)f:tﬁo@@i i H(Er)edt (r)\
remove any copper oxide fromthe surface, dried in_an air stream and then
wei ghed. Thé’%%p?ﬂétra%%u%ng%%nﬁ% Vahef sed itg‘et Fd U<t | IR G- YHree

m nut e Whi l@ongandd tiows| wnst i gsighime seltdd onor AfliRy tbgpexpardfant, the
copper coupon was washed repeatedly with a deionized (D) water rinse,
dried in an &9%t reEm a*%‘rbepv\é?%%d? WATRRT | GES Sl tFaf<sal dttat e the
di ssol uti on g:ainp1dhex sl urzd esrd grésmpd@sik9rddieont ai ned 0.5

TABLE 7
Mean
Slurry Particle Polish Dissolution
Example Composition Size of pH Rate Rate
510, (nm/min) (nm/min)
(nm)
29 0.5% MoO; + 5.0 %
H,0, + 1.0 %
glycine + 5 mM 20 2.9 1250 70
BTA - filtered N
1.0 & Si0,
30 0.5% MoO, + 5.0%
H,0, + 1.0%
glycine + 10 mM 20 2.9 1225 40
BTA - filtered +
1.0% SiOQ,
31 0.5% MoO; + 5%
H,0, + 0.5 %
glycine + 10 mM 20 2.6 600 35
BTA - filtered +
0.1% SiOQ,
32 0.5% MoO; + 5%
H,0, + 0.5 %
glycine + 10 mM 20 2.6 775 35
BTA - filtered +
0.5% 8io,
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wt .%nolybdenumtrioxide (MO 3) in deionized water. At the end o f the
waf er polishing a deionized (D) water rinse was applied for five seconds.
Exanpl e 2w0 20@m7edoned 0. 5% MbO 3 + 5.0 % H 20 2 + 1.0 %pgiryuscove/060882 rti M
BTA - filtered with 100 nmfilter + 1.0 %SiO 2 . The natural p Ho f the
Exampl e 2 9 ptur+y—pas—abott—2—9—parpte—3 ept-atred—P—5%-MO-34+ 5. 0% H
20 2 + 1. 0%]|gl y& ne|#-3F &M MBTA { filtered with 100 nmfilter + 1.0% Si O
2 . The natural p H|&o°t +the Exanpl ¢ 3 0 slurfry was about| 2.9. Exanple 3 1
e

cont ai ned 0.[5% MbO Bgtvchfe H Qu? +|0.5 2% gl yjci.ee|+ 320 mM M BEBA - flltered
I

[¢»)

L
<

with 100 nmifilter }sth 1%:95:Q4 + The naturgl p Ho f the Exanple B 1

slurry was gbout 2.6; Fxanple 32 contained 4. 5% MO 3 + p % H 20 2|+ 0.5 %

gl yci ne + 1 [o—mMBFA—+Hered—w+h—100—nAmtitHer—0-5%Si-02 | The

natural p Hlo f3% he| B&3n% *352 sllirry was 2. 6. Exanple B 3 contai hed 0.5%
2

f
MO 3 + 5 %[H 20 FE®: 5 %Sgbycine{+ 1 O m NI BTA]- filtefed with 100 nm
filter+ 1.0 |% Si 2. | $heinat-urcak pH| of the anpl ¢ 33l upry was abput 2. 6.
Exanpl e 34 dont ai neflzfh 5% WMoBsoes5% H2A2 + 0.5 % gl yci nel + 10 nmM BJfA +
0.001% SDBS |- filtefed:;widh 100 nmifilter +|1.0 P Si Q2. [The natural pH for

the slurry df Exanple 34 was about |2.6. The [average size|l of the pafticles
of Si® in the—sturtes—ei—Exanptes—29-34—wds—abbut—20-nm—Theremii ni ng

I'dl
e orut T C3J9 T LATOTPT C© [~E AR e

per cent ages not specified in the below table for the slurry conpositions is
t he percentage of deionized wat erE)j(ﬁ\“%ﬁugss%gggy. The slurry conpositions
and polishing rates for the copper wafer arong with the copper coupon

di ssol ution rates for SExanpless O ExBrblare Ppredenwedei nstdbite paliBFABLE

Westech 372 Wafer Polisher with an IC-1400, k-groove

5 polishing pad. The rotation rate of the carrier was 75
revolutions per minute (rpm). The rotation rate of the
platen was also 75 revolutions per minute (rpm). The down-

force placed on the copper blanket film was 4.0 pounds per
square inch (psi). The slurry flow rate was 200 ml/min.
10 The amount of copper removed from the surface of
the silicon substrate by CMP was determined by measuring
the sheet resistance of the copper film both before and
after polishing at 17 points spread across the film
utilizing a home-made paper mask and a 4-point probe.
15 Sheet resistance was measured at the same points on the
film before and after polishing. The measured sheet
resistances both before and after polishing were then
converted to respective film thicknesses before and after
polishing based on the resistivity of the copper material,
20 the current applied, and the voltage across the 4-point
probe. The difference between the starting and final
thicknesses as 17 points were calculated, an average
thickness loss was obtained which was then divided by the

polish time to give the polish rate in nm/min.
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si x inch copper blanket filns. The CWP polisher was a Westech 372 Wafer
Pol i sher with an | C 1400, k-groove polishing pad. The rotation rate of the
carrier Wa® 20@/a76390l uti ons per mnute (rpn) . The rot at iPom/usats/00f892 he
pl aten was al so 75 revolutions per mnute (rpm . The downforce placed on

t he copper blanket filmwas 4 .0 pounds.per.sguare inch (psi) . The slurry
flowrate was 200 m/ %Oﬁ.pefhe ca‘?rl%fgon o?lg%%%fé\gl?%m)\%ig efrgl%r%nt)tﬁe SUriace of
t he siliconpsulfstrmatie ihy aC¥POwad .detlerss et ey reatarimiong s hdet of
resi stance the copper filmboth before and after polishingat 17 points
Cpread- acr 02bet AESFRPRLLEPLISIAD -a RorebRBac Raber Mk ardr 29 Ryt
probe. Sheethar@sigsdanea swas seds Bsetraty tite nsane Ipoimtwa oruddie 49 [thdef ore

and after polishi,ng. The nmeasured sheet resistances both before .and after
LT ShPrg herEeBRE S SATR o MR GIREE TR e edis ekt e

after polishiing hasedgentt Bandesipsd,Vivashefd thiecejdper: arateitadhl dihies
current appli eg]; ang tEe vol tage acr oss thg 4-€oi nt }Erobe. The djfference
bet ween t he 38&r g’ ahQ FERAV St APRRAESSELIGS 15Dt SWerd- al ed, an
aver age thi qlﬁnﬁsls aﬁ;ﬁs%ﬁ\ﬁ@énﬂﬁﬁﬁi Red giich was tduppedi \éicdf;ﬁblrbyWésha:l"pﬁ'l i sh
time to give the palish rate in nmm n. Copper coupon dissolution_,

exper i ment s WEFE S5 f orfhed PR aS giﬁltfho.n gl bE%E%? cBATERSng WHd S . of

the chem calcos@littions.] yAsEORRENgCAHBOBo i1t €on99. A% PUried e mighadidrensi ons
of 25 mmx 25 nmx 1 nmwas used as _ the experi mint al, sanple., Th cqoﬁper
coupon was HAFICPBPREHERPE IV aSoH SHSE T8RRGHEAY, "haBhde Wit Fedi (Rit)e
hydrochl ori gageird @HGled tig rafoyer coppeampxhdas wehgmetihe sigifaee, 1484 ed in

an air stream and wei ghed. The copper coupan was then
was used t0 calculate the dissolution rate.

Example 35 contained 1% MoO; + 5.0 % H,0, + 1.0
15 glycine + 5 mM BTA - filtered with 100 nm filter + 1.0

o\

o°

Si0,. The natural pH of the Example 35 slurry was about

o

2.6. Example 36 contained 1% MoO; + 5.0 % H,0, + 1.0
glycine + 10 mM BTA - filtered with 100 nm filter + 1.0
Si0,. The natural pH of the Example 36 slurry was about

o

20 2.6. Example 37 contained 1% MoO; + 5.0 % H,0, + 1.0
glycine + 15 mM BTA - filtered with 100 nm filter + 1.0

oe

o°

$10,. The natural pH of the Example 37 slurry was about
2.6. The remaining percentages not specified in the below
table for the slurry compositions is the percentage of

- 25 deionized water in the siurry. The slurry compositions and
polishing rates for the~copper wafer along with the copper
coupon dissolution rates for Examples 35-37 are presented
in Table 8.
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imersed in the solution for three mnutes while continuously stirring the

sol uti on.

After the experinent,
wi t h dei owmD2eeh/(7&492 wat er ,
was used to calculate the dissolution rate.

t he copper coupon was washed repeatedly
dried in an air stream and weirgisees/ovsoyht
Exanpl e 35 contained 1% MO 3 +

| oss

5.0 % H2Q2 + 1.0 % glycine + 5 MM BTA - filtered with 100 nmfilter + 1.0 %

Si 2. The natur al

pH of the Exanple 35 slurry was about 2.6. Exanple 36
contained 1% MO 3 4 - 5.0 %H2Z® + 1.0 %glycine + 10 MM BTA - filtered
with 100 nmfilter

+ 1.0 % S Q2.

TM%&

was about 2.6. Exanple 37 containe

pH of the Exanple 36 slurry
3+50 %WH2® + 1.0 %glycine +

15 MM BTA - filtered with 100 nmfilter + 1.0 % Si 2. The natural pH of the
Example 37 slurry was about 2 6 The reimining percentages—not-specified in
the bel ow fable for thessimyry copposatiqns i q tieigrer ¢erfagevuofonddi oni zed
water in thexshdierly. Theosldiedy cpmpasttijors gndrpel i shing rates fqor the
copper wafe¢r along|wth the coppefecouporn di sqoluidion |at egmfOk) EXa4npl es
35-37 are presented in Table 8 . TABLE 8 The ogen circuijt potential jof a
copper coupon in the MO 3 slurryjwgs no@jle tq that of [a tantal um cloupon
i ndi cating|that gaJ vanic corrosioph of ‘cogper Will not be a probl emlduring
pattern wafler polilkhing which wil] “Wnimlze tHe dishin i nes.
The detail g of the| experi+rertzal procedurg in dbtaining|these resulti|s are as
follows. EE&G nodel 5,873A.Rotenti opt at/ Gallvanodtat was fised to perfﬂrm
potenti odynamg po| arlzatianyexpefimgpts.| Astiree,gl ec{rode gonfiguration
consi sting|of a vvor?‘ijAng filtered +

1.0% Sio,

1% MoO, + 5.0%

H,0, + 1.0%

36 glycine + 10 mM 20 2.6 1120 50

BTA - filtered +

1.0% Sio,

1% MoO; +5.0% H,0,

+ 1.0% glycine +

37 15 mM BTA - 20 2.6 760 35
filtered +
1.0% Sio,

The open circuit potential of a copper coupon in the

MoO;

slurry was

noble to that of a tantalum coupon

indicating that galvanic corrosion of copper will not be a
problem during pattern wafer polishing which will minimize
the of The details of the
experimental procedure in obtaining these results are as
EG&G model 273A Potentiostat/Galvanostat was used
A

dishing copper lines.

follows.
to perform potentiodynamic polarization experiments.
three-electrode

configuration consisting of a working

10 (Cu/Ta coupon), platinum counter electrode, and

(SCE)

electrode

a saturated calomel electrode as a reference

electrode was used. The three electrodes are immersed in

a 250 ml of the chemical solution and the potential of the
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el ectrode (Cu/ Ta coupon) , platinumcounter electrode, and a saturated

cal onel electrode (SCE) as a reference el ectrode was used. The three

el ectr odewoan®/d7aaver sed in a 250 m1 of the chem cal solpatriuseocandisvhe
potential of theworking el ectrode was scanned from 750 nV to about 1000 mv

h
densi ty was "Saaihr S4Scoras b M Reat T e i Ak 8 RECERDARHEREI e,
sof t corr TMwlithcorespeohn sitrft}mﬁzleel CrhecgEhter;acﬁesreikalj f@ﬁlﬁp?;?gdnwmfer
nitia
polishing 1 $ERIRISNCLOB.RY! Kagoopey 1iUL! Bk ot & M dhopate angdas

pl anari zati on 1§ ac e copper’is remv rate

to mnimze Pchlsﬂq:lertg)mf Apppped | Raesarvht hmprieper 354 LS(bfrBCmﬁer The DO 3 f
slurryccons 0 |t|on and process parameters, the MO 3 slurry o
t he prgsent E:l tﬁ\%g)%%iogln@pr?a% "5&%tuned for this general nethod of polishing at
a higher rate and’hteh@ren&rladvveueth@tiefotamiaajuﬁnrﬁlmmtpcﬂnmm@;jlfek tptol i sh

rates with h Mo Iurr wer.e hoth ] ess tha 5nn1 nut e. h
copper bl anke vsvglpgcrhe qﬁ%%/]gl CPE &§, i age]%c?rvfat 3“1[96%5 Atal ﬁﬁ’]d d post
CMVP sur f acepﬂlamasrhzantdolnouvsadm:}ajsevedpou:tt@rﬁqpﬁeaﬁdlsngemevadlr&dL&ELd)vmmber of
post CMP defects .and easier post, CVP cle , ke this_slurry an
attractive C&%&I dat eorfd(;;lerr '?f‘ne 5% e%la}ﬁ ‘gpﬁg‘ac@ﬁ/@eﬁrgj ¢BES -~ AfbtHer
enbodil frent pﬁ:o@eraqlmigjtustsdaﬂtry SRy thﬁprlw&@3one 8lLuffeke wdﬁﬂle;mﬁeﬂ{ﬁs of
nmol ybdenum di_ ssol vgd § oni zed wat er Jéd an Oxi di zi ng agent. bdenum

fornms salt s “RPRSV: l@ﬁlciaB Bfogesspargpe ersbqu ¢ hePre réhto“csaﬁ & are
the nost st ahkeenSolinbieatsant :agf bedkybeden o ke geeeavar e tfidmdy | mary

or secondar%oiggkg%%_gg a higher rate and then a lower rate. Tantalum
dissolution and disk polish rates with the same MoQO, slurry
15 were both less than 5 nm/minute. High copper blanket wafer
removal rates, high selectivity to tantalum, good post CMP
surface finish and low abrasive content, leading to a
reduced number of post CMP defects and easier post CMP
cleaning, make this slurry an attractive candidate for the
20 first step of copper CMP process.

Another embodiment of an aqueous slurry may comprise
one or more soluble salts of molybdenum dissolved in
deionized water and an oxidizing agent. Molybdenum forms
salts with valencies of 3, 4, or 6, but the hexavalent

25 salts are the most stable. Soluble salts of molybdenum may
be recovered from primary or secondary sources of
molybdenum and may include ammonium molybdates such as
ammonium dimolybdate (NH,) ,M0,0, (ADM) , ammonium
heptamolybdate (NH,)Mo,0,, (AHM), and ammonium octamolybdate

30 (NH,) M0g0,6 (AOM). In addition, molybdate salts of sodium,
potassium, iron, and other transition metal elements may be
used.

The soluble salt (or salts) of molybdenum may be
present in an amount of about 0.1 to about 10 wt. %, and

35 more preferably in an amount of about 0.5 to about 10 wt.
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nmol ybdenum and may i ncl ude anmmoni um nol ybdat es such as anmmoni um di nol ybdat e
(NH4) 2Mb207 (ADM), ammoni um hept anol ybdate (NH4) 6Mb7024 (AHM, and ammoni um
oct anol ybatat2eoqdws924Mo826 (AOM) . I n addition, nolybdat eczalst@enbossndi um
potassium iron, and other transition nmetal elenments may be used. The

sol ubl e salt, (or -salts).of. ol enum M resent in an_amunt. of about
0.1 to about’ 10 \/Tvt%.e fﬁ%llgl%%lerrg l(‘i‘-,tgproe eIrng%Vegle Y& Héar%u]ﬂ? é)froérﬁgl%td 0% to
about 10 wt pfwdekhe feamubseckaltthadf trbkybslehunl aaysdie ppavimedybdepanwder

formsuch that the soluble _salt o | ybdenum di ssol ves in the_sql ution of
dei oni zed walésrsogriv an ki 5?‘% n%ogﬁg%?g C%ﬁer 1PHAR k?vﬁa?rso?ﬂal e*Balts
of nol ybdenumigbwders agentonpl @éeéyaVligi Blpeadiisegl vedl uibl @n saqueoust

sol utign of deionjzed water “and t he oxidizi agent. A s used herein, the
terns %conplméﬁé/%}ied}%%(ﬁ%{?rsar?om' \ﬁqsf‘fpolﬁfedfgs Ly »di352HVe $B13 i ons
wher ei n t he amjeanid y sofluthenpast i dee@snafzesiol wbtersalrid ot haol yboenmar e
conpletely dissql ved andﬁgrgferably erein al| of the pa)rﬁsjcles of ,

a

sol ubl e sal @4 ol yhleHd ETESAPI L& Y SFiss ol SRR L B3 2 hedgent
used with thedsotwubsebsal ltii@fsgrmswdem@ﬁffay%@ogmhﬁeoasywﬁl@e:eqrn acé xt ure
of the oxidizing .agent ready, descri ped a resent in the anmounts

speci fi ed e&ﬁjiog?&%’Aéﬁﬁs FﬁSn@‘F‘F }Ci%ﬁp‘?gﬂcﬁldﬂ&g% they BelvReanith 3Fe

sol ubli® sal tcoﬁfpﬂﬁﬂe}dl}ﬂ?@ﬂ%@ﬂﬁ@@,lusaﬁljuﬁdbéfe@(ym_:ﬁﬁxﬂg@rﬁgﬁnbi%”gﬁf c%ﬁ@ri se t
any one or a mxture of _the conplexing agents_alrea escri bed and. presen
in the amufs %i 8§ aaé’&\Pg’.leEn%%hgné’ t OOk YRIGR N e 8 X0 I $eF L e

sol ubl e sal tdiefsolved.

The oxidizing agent used with the soluble salt of

molybdenum may comprise any one or a mixture of the
15 oxidizing agents already described and present in the

amounts specified earlier. Additionally, complexing agents

may be used in the soluble salt of molybdenum aqueous

slurry. Complexing agents may comprise any one or a

mixture of the complexing agents already described and
20 present in the amounts specified above.

Embodiments of slurries containing the soluble salt of
molybdenum may also be provided with a nonionic surfactant,
an anionic surfactant, or a cationic surfactant. The
anionic surfactant used in the aqueous slurry may comprise

25 any one or a mixture of polyacrylic acid (PAA), a
carbdxylic acid or its salt, a sulfuric ester or its salt,
a sulfonic acid or its salt, a phosphoric acid or its salt,
and a sulfosuccinic acid or its salt. The cationic
surfactant used in the aqueous slurry may comprise any one
30 or a mixture of a primary amine or its salt, a secondary
amine or its salt, a tertiary amine or its salt, and a
quaternary amine or its salt. The nonionic surfactant may
be one or a mixture of one of the family of polyethylene

glycols.
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nol ybdenum may al so be provided with a nonionic surfactant, an anionic
surfactant, or a cationic surfactant. The anionic surfactant used in the
aqueous swonpoge/are3p2conpri se any one or a m xture of pol yatmgkeos/oemspr ( PAA)
, a carboxylic acid or its salt, a sulfuric ester or its salt, a sulfonic

acid or its salt h hor| a sal t and a. sulfosuc |c acid
or its salt. Theogatlrggnfl ys’ut%ac%gg{eguse ﬁr%’h%oné% lng ‘?syocl

conpri se anyc:adrte of momyiotdmmnofmayplallmr yoearrpmevdtdeldt swslatta a:csmmmdary
' |ts salt, and a_quater am ne or

amne or its sal tiar ne, or nar

s salt. TRETRGRIEN CBuPREEE AR ARy e SR Toh e ik RaRe S e AR e

fam |y of polfyeatiyirens odliyc a=yaEntd @Jmiplqundsharaﬂumusg Satraot icngsliesi ng

t he squbIe of no enu 0..be provi h, a copper, caorrosion

S R S R e R R S e M

conmpounds i lamldudhagrbe@szratazelse (EBEEA)her benz sildazel ﬁayp@érytéiﬂlemq} e,

phenyl triazol th| on a% %‘ eir |vat|ves urther,. the %Hﬁ?rltﬁ/

contai n any “€ 6 °6¢ © ﬁégesgﬁ ?%E‘?%Jﬁ? angh FUTFIBLTd T q]bsrs A

preferred anionia wémm Haednio theraektubte @eaéd oh mhkybdanisnes! urry

is a salt of g%dec I bﬁnégne sul fonic acid. Do bené%ne s%foni c acid

surfactant &Ad csalt sTPhEPEGRURDESAY Ty Heprs to’fn QAEGALs JS[FSFTY from

about 10. 000@L1tfendkowcild M D80léOBEAbensEad 8sl@bout QAQDIsdrrahaiit 0.5 w
n_anmount of about 0.001 wt.% (DBSA). A

p(r%)e1g ([a)rBrSQJI C%n eFaELgFrp%EF%%% LKPB%?M&&%W?%@E&R@H%.%’r}%blr{%e

sol ubl e sal tfrof E@ohden W01 beszapshazol et ( BTADBSABENZQICH az0laBTA)

copper Corr%ﬁb%%l to about 0.5 wt.% (DBSA), and more preferably in an
amount of about 0.001 wt.% (DBSA).

15 A preferred copper corrosion inhibitor used in the
slurry comprising the soluble salt of molybdenum is
benzotriazole (BTA). Benzotriazole (BTA) copper corrosion
inhibitor may be present in concentrations ranging from
about 1 to about 20 milli-molar (mM) BTA, such as about 1

20 to about 10 mM BTA, and more preferably in a concentration
of about 10 mM BTA.

The pH of embodiments of slurries comprising the
soluble salt of molybdenum according to the present
invention may be in the range of about 1 to about 14, such

25  as a pH in the range of about 1 to about 7, and preferably

' having a pH of in the range of about 4 to about 6. The pH
of embodiments of slurries according to the present
invention may be adjusted by the addition of suitable acids
(e.g., acetic acid) or bases (e.g., potassium or ammonium

30 hydroxide), as would be readily recognized by persons
having ordinary skill in the art after having become
familiar with the teachings provided herein.

Yet additional embodiments of polishing slurries

comprising the soluble salt of molybdenum according to the

35 invention may also be provided with supplemental
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i nhi bitor may be present in concentrations ranging fromabout 1 to about 20
mlli-molar (M) BTA such as about 1 to about 10 nmM BTA, and nore

pref er ablyoiznoe76acent rati on of about 10 nM BTA. The plRCofusesomdisaent s of

slurries conprising the soluble salt of nolybdenum according to the present

i nvention i range.at. a : about 14,.such as. a in the
range of ag%%&%mtdg/ﬁz{%%ult 7g,§l§r?d S}?%ft%%%% ?/ havi néugth %?p?JﬁexF%gc?"gnge of
about 4 to #sownie/metied phtisgfe ayiodioies snagf Isd wddesd tac cohieli aguémus he

present inv j Jaust t ddition of suitable acids (e.g.,
acetic aci d?lgdr asg%}s/c?g.l%g,d%%o?ggg?‘{ﬁr%g%r 85 i nfﬁ%ﬂy@?ﬁifa 5°: agu?/\}éul d be
readi | y recoprirZedamrader sensmhayinagadr dixiatey pkitlhcipst hesedt iaf tigie havi ng

becone f am | it t hi rovided herein. Yet additional
enbodi fent s 6 eﬁ\ﬁsl g%ihggysﬁgglr%%gsﬁgﬁ%r?%\’ g T Ke Soﬁ“ﬁB%Brga? %]frﬁn%a}’ybdenum
accor di ng t cartie,i pieconda, iy tahse,brapnegidedinbhhoxide, tin oxide,

I t al 1.c/ I id ticles. Suc uppl enent al  ceram ¢/ met al
ox fe part | Aok SRESelEs a1 T B BB heTE R Ur T e BT (BFHAL ardd o s
or as funedysac iiol eshe Ssdiursyppl £neol abidel ari¢Awehnal doxt dee pastibgl es used

L1 coni ot CEHEA TR GRELA SO BRCBRTHe, |11 oY HRBCgerbmAteLade

zirconia, titania, nmaghe ; . . .
pref edifed spppitemet ali zeepdnbetmetral absiidel 0sed dmdtdeost uroy s, cold oi dal
silicon dioxide Sie(82e)r

aver age par 1% %e P5i°26 gﬂocigllalto\?!beqéaﬁjlo Iolt?ltoc%%l %&g%dﬁgltgg@uofgnl‘ggyn%avgngnmre
preferably of ab@etli2bimy tslaboies5GampriRdishing Hdirubes samprisi ng the
sol ubl e Sal%dagbdenunnnay be utilized in a method for polishing copper
by chemical-mechanical planarization. The method comprises
15 providing an aqueous slurry comprising dissolved soluble
salt of molybdenum and an oxidizing agent and polishing
copper with the aqueous slurry using a polishing pad and a
pressure between the copper and the polishing pad of about
0.5 psi and about 6.0 psi and more preferably between about
20 0.5 psi and about 2.0 psi.

Embodiments of soluble salt of molybdenum slurries
according to the present invention exhibit high polish
rates for copper when used in the CMP process, even when
the CMP process is carried out at very low pressures (i.e.,

25 down forces) between the copper and the polishing pad. CMP
processes carried out at high pressures (i.e., down forces)
may cause undesirable delamination of lower-k dielectric
layers. Accordingly, slurries according to the teachings
provided herein allow copper CMP processes to be carried

30 out at low pressures (i.e., down forces),‘such as pressures
in a range of about 0.5 - 6.0 psi, and more preferably as
low as 0.5 - 2.0 psi. Use of such low pressures minimizes
the shear forces that act on the low-k layers of dielectric
materials during the CMP process. Thus, the slurries

35 described herein are desirable so that the copper CMP
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nol ybdenum may be utilized in a nmethod for polishing copper by

chem cal - nechani cal planarization. The nmethod conprises providing an

aqueous swonrog6/0esvpri si ng di ssol ved sol ubl e salt of nol youarseencansonn
oxi di zi ng agent and poI i shing copper with the aqueous slurry using a

polishing p sure bet n.the .copp nd. t oI| h|n d of
about 0.5 p}%d@e bout %688 %%frx\g Mok & %&rgzlr Eﬁﬂ?ugg‘? Bﬁughgf% psi
and about ZMmsnlzlErd)odelfents ofucho| & emsakb Qtrabbybdenmﬁj:wicbles
according to resent .i nventi on.exhibit h polish rates for, co

when used in Jﬁw Pl a@v«‘é’ﬁ%@ﬁ ?H@ gp?b%%s%i?ﬁnﬁg?i?EH ‘ggt at
very | ow predsunes i(sheel suddamef dlIh@&Shabebweﬁnekbesédp’pegaaﬁﬂ]f:i@Eyp?fl shi ng
pad. esses .carried o t high pressures (i.e., down forces) may
cause desFﬁjaeﬁt}le Coe aﬁﬂoﬁéﬁ 3:& g]feﬁ ower-k dielectric layers. Accordingly,
slurries accordi imhd dighedt eRchid NYSh pravd glew thameid £abinovMe oppete £36%
processes to be .ca d gg at | ow ress r,es (i.e gown forces), such as
pressur es H?aflrjrﬁ?g ”g:f boQt @rgss 66 pir S anaoYIrBr OhFeslr abry 2251 ow as
0.5 - 2.0 psior Ldseanqﬁes,uqirdswuﬁmﬁurﬁ& rm'amgam_s dbwusheas ﬂf@r%uﬁ hat

act on the lowk laye dielectric, materials during the CMP process.
Thus, the s|%1ve$Pé§ ééggFFBEESh@%l‘E}F%‘ée d'g’ﬁ%lené@ RaPtt hae coppery

ClVPprQ@esseS:mrid}ﬂsc.arWLeH %ﬂ&p@i’ dm@td W@g@bﬁ@bn&éh€§a\ﬁﬁﬂbh§ anttHliﬁ! zing
defects such m cro-scratches, corrosjion i shing, erosion, as we as
enabl i ng hi gar‘fﬁoﬁilté'avr‘?agm FREY26F PR/ poPTRhSH 2UFIREE Thanchay Heeheiqsed to
a vari ety ofoftherbeabsiandipakbiebesandhgenhighadi sk, Peblshnr At €ss absai ned
from CVP pr%cesses carcgl ed Qut at |ow pressures (i.e., down forces), such
as, selecte tuned” as desired or required (e.g., to

manage the productivity of the copper CMP process).

15 EXAMPLES 38-42
Slurries of examples 38-42 were used to polish a
copper disk having a diameter of 6 inches. The CMP
polisher was a Struers DAP® with an IC-1400, k-groove
polishing pad. The carrier remained stationary (i.e., was
20 not rotated). The rotation rate of the platen was 90
revolutions per minute (rpm). The pressure (i.e., down-
force) placed between the copper disk and polishing pad was
5 pounds per square inch (psi). The slurry flow rate was
60 ml/min. The amount of copper removed from the surface
25 of the disk by CMP was determined by measuring the weight
difference of the copper disk both before and after
polishing, taking into consideration the density of the Cu
material, the area of the disk that was polished, and the
polishing time. This was then converted into the rate of
30 removal in terms of nm of copper removed per minute.
The slurries of Examples 38-42 are all the same except
that the weight percentage of the oxidizing agent, i.e.
hydrogen peroxide (H,0,), was varied for each example.

Examples 38-42 all contained 0.5 wt.% ADM #+ 0.5% glycine +
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for exanple, pressures in the range of about 0.5 to about 2.0 psi,

i ndi cates the active chem cal nature of the slurry chem cals. Wth proper
choi ce ofwOheososs®ent rati ons of the additives, surfactarC3/USecanpbasat ng
agents, and by inclusion of a corrosion inhibitor and an abrasive, polish

rates can be selected or "tuned'_ as_ desired required (e.g., ta nmanage

t he productﬁbi‘y PR Re UG FEF CNE“BTo?@@g)ngEXANgEE§%Q%zé%%ﬁiéi?%s of
exanpl es 38+t42ampare 3Bedoh0apnkdsiy .a xseppery0.di skehawphg adodicsreigeined 6

i nches. The Jol i sher was Struers DAP(r ith an | G 1400, k-groove

pol i shi ng pé)c(ij.\‘é’%]%é{@ar ri EF‘aFIBiﬁi 4Qd qurﬁ‘_tar]&%# ygm(}?&%.},b%s r‘?ﬁ%a“fpgteatﬂg]d) .
The rot ati(Q@ol’na:Tagr@ﬁ tohe 5l @%@ﬂ w&&d bﬁr@lr@\@hﬁdrmﬁ'r@{j _1frikU%UtH§O£I|p_rﬂ)hh$ The 4
pressure (i.e., daownforce) placed hetween the copper disk and polishing pa
was 5 ound§eﬁ@rln§d19arp§q(2?€ﬁa€ﬁ§i Pr A Qfurhye Gt Tl (GO RRS 1o 9 .
The anmount @fhicepReter 8HBVAsLdTomd ke ,f aep refsehitet HeSke Bye SMPg¥aSE
determ ned by neasuring the weight difference of the copper disk both

before and &FE&NLYFEG YRR, tHE MGt PEFTsTEaIs Péntitheanenthie yWistk t he cu
material, thelareamf rbhesdisk thatcymsePAishesd raadptle gel bshp ng-dine.
This was then converted into the rate of renpoval in ternms of nm of copper
removed per PRSFRIESHTHE J120LS &s of Exanpl es 38-42 are all the sane except
that the wei ght percentage of the oxidizing agent, i.e. hydrogen peroxide
(H2®2) , was varied for each exanple. Exanples 38-42 all contained 0.5 wt

. % ADM 0. 5% gl yci ne +0.5% ani no but3AB%E atid, 5mM BTA + 1% Si &2 parti cl es.
Exanpl e 38 contained 0.125% H2Q2. Exanpl e 39 contai ned 0. 35% H2Q2. Exanpl e
40 contai ned _0.50% H2?. Exanple 41

Example Slurry Composition swt. Polish Rate

H,0, (nm/min)

0.5 wt.% ADM + 0.5% glycine +
38 0.5% amino butyric acid, 5mM 0.125% 478
BTA + 1% Sio,

0.5 wt.% ADM + 0.5% glycine +
39 0.5% amino butyric acid, 5mM 0.35% 1244
BTA + 1% Si0,

0.5 wt.% ADM + 0.5% glycine +
40 0.5% amino butyric acid, 5mM 0.50% 1177
BTA + 1% Sio,

0.5 wt.% ADM + 0.5% glycine +
41 0.5% amino butyric acid, 5mM 0.75% 862
BTA + 1% SiO,

0.5 wt.% ADM + 0.5% glycine +
42 0.5% amino butyric acid, 5mM 1.0% 504
BTA + 1% SiO,

EXAMPLE 43
The slurry of Example 43 was used to polish an 8 inch
silicon wafer having a copper layer deposited thereon by
electroplating. The CMP polisher was a Westech 372 Wafer
5 Polisher with an IC-1400, k-groove polishing pad. The
rotation rate of the carrier was 75 revolutions per minute
(rpm) . The rotation rate of the platen was also 75

revolutions per minute (rpm). The pressure (i.e., down-
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contai ned 0.75% H2Q2. Exanple 42 contained 1.0% H2Q2. The remai ni ng
percent ages of each of the slurry conpositions, which were not specified
above, reapoasent’cidde percent age of deioni zed wat er. ThePagiushaocparseent age
of H2Q2 and the disk polishing rates for the copper disk of Exarrpl es 38 -
42 are presente BLE 9 EXAMPLE 43, The s |l e 43
was used to%g)o C%gh%lg %d'l ﬁ%ﬁwgleﬁ (l;gﬁ m?@?rhggg E;h%l o) Jpsﬁdﬁl%y%?’ d&pdsi t ed
t hereon by & emurm#sl Femgguilre Gvielpolgsiher VEs: a Méstye il 7 2r ahed ewasf )
Pol i sher wi 1400 k- gr oov I|sh|n ad The_r ot t|on rale o t he
carrier was ré}v/glll |o"fq}§e% §u$ f?%]ﬂf e‘llﬂ%v?%t%‘f?% et oraGhe

pl aten was a@fsotRB rwwibdmt ignsCHer melutceat(ernmi)nedTheyprzeésuﬁelﬁg ethed
downf or.ce) placed between,the copper and the olis wa pounds per
squar e”i nchpc ‘?()ne.s \I‘,ﬁ gpﬁr WPPEEWE?XFE ﬁﬁs %Ow?ﬁ%I alqI'hkee %%rﬂn

copper renpeeitr polt beisgrdred e afiidd nival ebnbydEMRtWas €led %fdmlr@dlrhj’

t th f on the wafer both before and
Trter poli Sl andPigkiAg FHED CORCPUBEY: 1BROL HES pHF 1S 1 PG TRAEL T4 o was

t hen Convertt@j:msnton tnlneorfatcep@ferr esmeated @aéxermlm‘e nm of copper renpved
per m nute. Exanp]es 43 co 5% gl_yci ne + 0.5% am no

al n 0.5 % ADM +
butyric acid, 5nWBTR -?Sl Qcp?a]rri?%m@s +Wh: 12%5)’84%09 S?h(é?lryé?%é}%l hg
per cenbage @r st%heusimryuepfrp@matdl@) s chrar e N speci phed iahewe, +

r epr esent t cent ge of deionized water. The copper film polishing rate
f or Exarrple nm Th%. TABHEN B nBsdctee st 9k aﬁ%ou%lusrl@fry may
conpri se comp051tlon, which are not specified above, represent the

percentage of deionized water. The copper film polishing
rate for Example 43 was 1130 nm/min.

15 Another embodiment of an aqueous slurry may comprise
other molybdic acids dissolved in deionized water and an
oxidizing agent. Such other molybdic acids may include,
but are not limited to, phosphomolybdic acid (PMA),
phosphotungstomolybdic acid and vanadiomolybdic acid, for

20 example, and are readily commercially available.

The molybdic acid may be present in an amount of about
0.1 to about 10 wt. %, and more preferably in an amount of
about 0.5 to about 10 wt. %. The molybdic acid may be
provided in powder form such that the molybdic acid

25 dissolves in the solution of deionized water and an
oxidizing agent. Generally speaking molybdic acids are
completely visibly dissolved in an aqueous solution of
deionized water and the oxidizing agent.

The oxidizing agent used with the molybdic acid may

30 comprise any one or a mixture of the oxidizing agents
already described and present in the amounts described
earlier. Additionally, complexing agents may be used in
the molybdic acid aqueous slurry. Complexing agents may
comprise any of the complexing agents and provided in the

35 amounts already described herein.
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ot her nol ybdi c acids di ssolved in deionized water and an oxi di zi ng agent.
Such ot her nol ybdic acids may include, but are not limted to,
phosphonoWvghdisn7essed (PMA) , phosphot ungst onol ybdi ¢ aci @Carn$2006/000892
vanadi onol ybdi c acid, for exanple, and are readily commercially avail abl e.

Th | ybdj id,, b t i . t of about O t bout 10 wt.
o and noPEe GRURLERTY SR ARYURELOF CHDORT BT HoB6L 10w . % . The

ol y ek £c 0.0k Tk o beb ga oy i teds | proovgier i fiothesathrthat The newybdic acid

di ssolves in the solution of deionized water and an oxi di zjng agent.
GenerREF Vi Speidhy ol y?)%l?%x%??%]:%‘ﬁ%t%oﬁﬁn& e"laflevie?ipr?lcgeéai sg8l ved in an
aqueofisrSpd titd 0 Die dei DR esaive hasdpble ,0xheirebrgpagentiindhe oxi di zi ng
agent. used with the nolybdic _acid nay c npégse an¥,one or a.mxture of the
oxi di 29y RRYERE LRy sd@sl&rairbél&gélnﬁ’ogrlé RO PRCERB BABUALSCdescri bed

ear | i ggcuAddivt i @@l lof, €onpsextdy, agenisabByebp ugadnidtdsheansl ybdic acid
aqueous slurry. Conpl exing agents_nay conprise any of thegﬁpgglexing agent s
[

3 y !
and pFEV e F PR St BPR M Al PEAR) 10T Gh&F R&Ye AN PhEL zi ng agents

may oxigh@et tige CREPEEdABe Webhs as react wi th nolybdate ions present in the
slurry. The new per-nol ybdate or peroxy-nplybdate ions are expected to

further oxFHPORLBMALE Rl BkUTFiPS copperinindr by BPOVPEFFgahitgh poli sh

rat esma PidlidAhehb@Bviaklishi p8 R6idPbiBY AlrFaQeaY, By H8eonfct ungst ates,
vanadates, chromates and sinmlar transition nmetal oxide ions or peroxy ions

wi t h SRCEREFRRE, t her nofybedE &R bfs. SERbBEFABAt s of T8Pur fR&80E6Nt ai ni ng the
ol ybgi £ A&t £h fays &l st ke PrRpided Witfr & RRRI eBiprsYef agt;abhe an anionic

or a mixture of the anionic surfactants described herein
and provided in the amounts previously described.
Similarly, the cationic surfactant used in the aqueous
slurry may comprise any one or a mixture of the cationic
surfactants and present in the amounts already described.
The nonionic surfactant may be one or a mixture of one of
the family of polyethylene glycols already described.

Optionally, the aqueous slurry comprising the molybdic
acid may also be provided with a copper corrosion inhibitor
which may comprise any one or a mixture of heterocyclic
organic compounds including benzotriazole (BTA),
benzimidazole, poly triazole, phenyl triazole, thion and
their derivatives. Further, the slurry may containn any
combination of these surfactants and corrosion inhibitors.

A preferred anionic surfactant used in the molybdic
acid slurry is a salt of dodecyl benzene sulfonic acid.
Dodecyl benzene sulfonic acid surfactant and salts thereof
(DBSA) may be present in amounts ranging from about 0.00001
to about 1 wt.% (DBSA), such as about 0.0001 to about 0.5
wt.% (DBSA), and more preferably in an amount of about
0.001 wt.% (DBSA).

A preferred copper corrosion inhibitor used in the

slurry comprising the molybdic acid is benzotriazole (BTA).
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surfactant, or a cationic surfactant. The anionic surfactant used in the
aqueous slurry may conprise any one or a mxture of the anionic surfactants
descri bedwber@i/ate®mad provided in the anounts previ ousl yPAeAIS2e06A00892
Simlarly, the cationic surfactant used in the aqueous slurry nay conprise

any one or %e’i@'biégc‘if' A1 d "qpeal i%‘ég?%éi”f@o‘%}lac!‘é orfNg B3¢l ‘Ha]@yheb ount s
al ready described. e nonioni ¢ surfactant nmay be one or a nmixture of one
of the fam Ipresfengoliyecloyicend rgityioniss rangeady fdesicabbed. 10pei@naht y20t he
aqueous S| Ut 1GORRNISI NuhheTel Yhie AcTd IRy Blse B, o) qad whAh
copper corrosion in i1 tor whi ¢ may conprise any one or a m xture of

het er ocycl i @ngr gamiec pcefpawidy iinckudbongebenabvtphazbl @b¢BTA)O ,mM BTA.

benzi mdazol e, p tri.azole, | _triazple, thi.on and rheit_deriyvatives.
Further5fj t he sl u?’Jrk%/é n‘é%} COOJ%’I'[ aelmt%%gi%leggcr?bi %Jgt isolﬁl o%‘let eggm gr?érclgantt%e and
corrosion i mullylddres acA dpaeterdedgane obhe suefact aimvesedon mandoermiybdi ¢
acid slurry s a_salt of dodecyl, benzene sul foni.c _acid. . Dodecyl benzene

sul fonic acit(%lesﬂ:rapggt 8%t agﬁ i%l%% rl?1oe1‘}nceo 4J’( Iﬁgé:& ar?af} b Jp?e@i%trélu}geanounts
rangi ng fromfabbotit010060dbdot abpouind pute £ ba(BSAR visSwch pH abotihe GHO00L to

bout 0.5 w_._ % SA), d f |y, i t of t_0.001 wt.
o6 (DBSA) . " RESEH Sk 6N B Eor FBGFoRtt i bREBPAREBHER n dfhet SR TS
conpr il ng taleomaliyladite adiad prsedeariz dinrvearolen (lBFA)be Bedwpoitte azof et {BTA)

coPPer o1 T BLAR LM Ok B, EKAR SRESSEIL 41 CRRSEIL{aLiale g anglg, 1 om
i nM BTA, andeor.e poeharsdhiny omaamoancanhydirbande)f abowmbduld haNtBEW The p
H of enbodi%%p%%r%%ﬁg 'ggfﬁa(g¥ggﬂég§mééffi in the art.
Yet additional embodiments of polishing slurries
15 comprising the molybdic acid according to the invention may
also be provided with supplemental ceramic/metal oxide
particles. Such supplemental ceramic/metal oxide particles
may be added to the aqueous slurry as colloidal particles
or as fumed particles. Such supplemental ceramic/metal
20 oxide particles used in the aqueous slurry may comprise any
one or a mixture of silica, ceria, zirconia, titania,
magnesia, iron oxide, tin oxide, and germania. A preferred
supplemental ceramic/metal oxide used in the slurry is
colloidal silicon dioxide (Si0,). Colloidal silicon
25 dioxide (Si0,) may have an average particle size of between
about 10 nm and about 100 nm, and preferably of about 20 nm
to about 50 nm.
Polishing slurries comprising the molybdic acidmay be
utilized in a method for polishing copper by chemical-
30 mechanical planarization. The method comprises providing
an aqueous slurry comprising molybdic acid dissolved in
deionized water and an oxidizing agent and polishing copper

with the aqueous slurry using a polishing pad and a

pressure between the copper and the polishing pad of
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nol ybdi ¢ acid according to the present invention may b e in the range o f
about 1 to about 14, such a s a pHin the range of about 1 t o about 6 ,
and pref ewal2bgs/ttesseng a pH in the o f about 4 t o about PET/USTdE/OMIdIDT
enbodi ments o f slurries according t o the present invention my b e

adj usted by, Lhe gdditen o0 of §g' 128! cﬁ?d%s.o(g-sg- nﬁcﬁgk%ﬁagéﬁér%lgases
(e.g., potassiumor annnnlun1ﬁy roxi de), as woul B"& Kno y persons
havi ng or di rsrtweshki |dbaut thed arsi el addit i2alpsibodi nents of pol i shing
slurries conprising the nolybdic acid according t o the invention may al so
b e provided with supplenmental ceram c/nmetal oxide particles. Such

suppl enental ceram c/ netal oxi de pARMPTESs4Aay¥9b e added to the aqueous

slurry as coIIoi%al articles or_as fu d_pauéicles. Such ,suppl-enent al
ceram c/ nmetal oxi eulgralr 5S¢ gseﬁélélﬁileﬁ g%e an eolis S| H?F)% rif’éDy Ego ns‘r%}s% .any
one 0 15 a modpwesr ofliskl iltayiweriaa, dzemevara,of i taniachengnesTag iCoR

oxi de, tin oxi.de, and germania. A pr ed.suppl enent al, ceram c/ et al
oxi de used ifYtHe uwgﬁ i sbg5PF5Ed§[§Ae%él Wf%lﬁ uﬁ%gﬁgeﬁégﬁo ITLTF oi dal
silicon di odddd oHSing Padray Thaveaaniaverageipadt stheishzeyo(i. def ween about

10 d about 100 ferably of about 2 bout 50
Pol | <hi ng siTUi | BE QBT oi bt hEChAYEE et dithy B BLFFE3edd 20 met hod

for polishi ngvedpperorhy pehemicaltregham)cal Theapass2ateopladee et hesh
conpri.ses providi ng an agyeous sl urry .conprising nolybdic acid dissolved in
dei oni'zed wat&r EHEPEn %ﬁadi%g‘leném né’nd’ap‘il‘?’egﬁi ﬁbgﬁ‘gp erP W tHer
aqueous sl ursguaisi ngheh pobsshi ng Trad sind-wy pfessuratbetisrensd hel copper and
:):]gf E?Liﬂsgl %ep%(rjno%rftbegf,\eceonppaebrouzgerr?dx?ecpsfro%] haebosuLEr éc(:)e RS tne(sj g;Psrlg
by CMP was determined by measuring the weight difference of
the copper disk both before and after polishing, taking:
15 into consideration the density of the Cu material,‘the area
of the disk that was polished, and the polishing time.
This was then converted into the rate of removal in terms
of nm of copper removed per minute.
The slurries of Examples 44 - 49 are all the same
20 except that the weight percentage of the oxidizing agent,
i.e. hydrogen peroxide (H,0,), was varied for each Example.
Examples 44 - 49 all contained 1 wt.% phosphomolybdic acid
(PMA) + 10 mM BTA + 1% glycine, 1% amino butyric acid + 1%
Si0, particles. Example 44 contained 0 % H,0,. Example 45
25 contained 0.25% H,0,. Example 46 contained 0.50% H,0,.
Example 47 contained 0.75% H,0,. Example 48 contained 1.0%
H,0,. Example 49 contained 2.0% H,0,. The remaining
percentages of each of the slurry compositions, which were
not specified above, represent the percentage of deionized
30 water. The weight percentage of H,0, and the disk polishing
rates for the copper disk of Examples 44 - 49 are presented
in Table 10.
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bet ween about 0.5 psi and about 2.0 psi. EXAMPLES 44-49 Slurries of
exanples 44 - 49 were used to polish a copper disk having a dianmeter of 6

i nches. TWe 0MR7p3d2i sher was a Struers DAP(r) with an | ECTABR)0sckeggpDOVE
polishing pad. The carrier renmained stationary (i.e., was not rotated)

The rotation rate of the platen was 90 revolutions per mnute (rpm . The
pressure placed between the copper and the polishing pad was about 5 pounds
per square inch (psi) . The slurry flowrate was 60 inl/m n. The anmount of
copper renmoved fromthe surface of tﬁng%sg by CMP was determ ned by
nmeasuring the wei ght difference of t 8r disk bot h before and after

pol i shing, 1 IInto congj atl E epdensitylot thelQy ef( alt the
area of the g that was po ‘%e[é/ the pol i >h|vrq1 time }w ot walk t hen
converted i fto the lrate of renpval |n terrrs of nm d¥%coj Der‘m“il per

m nute. The|slurrigsiof: Examples 44 s1a49 are al I the same except that t he
was var | ed Jor qucﬁf#?ﬂt’“ e, a8 e e A Ohr et hed T o
. /9P
phosphonol yhdi ¢_acildt ) + 10 M BTA + 1@6qlvc ne. 1% anmi no butyrjc acid
+ 1% Si Q2 parti cl Fs.loEx,arg)Ip@Azm 1cmat@|Aned1/0 % H2{2. Exafple 45 cgnt ai ned
0. 25% H2Q2. | Ex g ontain am 47 [contgi-ped 0] 75%
H2Q2. Exanple 3gpcogﬁgfgé% ibégﬁg%ggé%gg c%%?alned 2. A)H2C2 The
remai ni ng percenta es szeach of the slurrv conn sitions$, which were not
speci fied above, rdpreesend pher pengedirhage 0f dei pnized pater. The wei ght

percentage of HZQ2 jand the disk ROLLSALAG. aciq + | 0,503 4424

1% Sio,

10 wt.% PMA + 1 mM BTA + 1%
47 glycine + 1% amino butyric acid + 0.75% 9233
% Si0,

10 wt.% PMA + 1 mM BTA + 1%
48 glycine + 1% amino butyric acid + 1.00% 13978
1% Si0,

10 wt.% PMA + 1 mM BTA + 1%
49 glycine + 1% amino butyric acid + 2.00% 11087
1% Si0,

Yet another embodiment of an aqueous slurry may
comprise molybdenum trioxide (MoO;) dissolved in deionized
water and an oxidizing agent. To this mixture is added
supplemental ceramic/metal oxide particles as already

5 described herein, but which may be added as colloidal
particles or as fumed particles. As previously described
above with regard to the molybdenum trioxide (MoO;) slurry,
the same oxidizing agents, complexing agents, surfactants,
corrosion inhibitors, acids, and bases may be used in

10 various combinations in accordance with the teachings

provided herein.
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rates for the copper disk of Exanples 44 - 49 are presented in Table

10. TABLE 10 Yet another enbodi nent of an aqueous slurry may conprise

nol ybdenuwotznecaszde ( M0O3) di ssol ved i n dei ohi zed wat er pamaiSaweonisd: zi ng
agent. To this mixture is added suppl enental ceram c/netal oxide particles

of a5 fumed par i akes o Ao oull v HESeY (Bod” abovR o (h T B B e he

or as fumed particles. As descri ove withr he
mol ybdenum toopmamledy MIGSYi sk irmgchamecahneloradizahgoagentlie compheXi ng
agents, surf t r Is Lnhi hj , |.ds, 3’5@! ed in
vari ous conbclqﬁ%glg%ss i (r%oé{g?cl)?l a%geé%h%ﬁ{i? h%fﬁggih? n 13?%\?/?0%%%/ ‘T’éf‘éﬁg% The
MO8 may belMetls| erddannoaidérhod hgenpolarshipnd ichpper dopper with the
chem cal - ne i rj ion._ Fhe t rose el an
aqueous. st s rrtng B IS N T LR LA RS e e e

pol i shi ng cdpeercopittar tanel ddueeguasl slflnretwesmalayold shipwl padl alcow:
pressure be e e per._and d. of . bet ween _about 0. si. and.about
6.0 psi, ang)'noﬁ?eég’r e%e)lfga ofaébeql%/\%gené)% %Yut b8%§68§1i a}r?d&abgug S0 pasrilq
Enbodi ment s agfoub@.3® gsur.ri es according to the present invention exhibit

g PoLLSh {2 AR SERY, (OSSR (L, AR SLOTRSE v et the
nol ybdénum timvexitdenVe&Bipatt htykspokt sh dispey fed apgpeanpheheliyedi isol ved
0,20 S08°043, Sl LD AL 100 A O eIt St Iy coon per 1, and
1200 nm m natte)rewsr @oebpacnsdrast h Monenpaat i puessly £ eerg.moBfmddnn 5 t o

trioxide MoO; particles were dispersed and completely

dissolved in an aqueous solution containing deionized

15 water, hydrogen peroxide, and BTA and used as a copper CMP

slurry, high disk polish rates (e.g., about 1200 nm/minute)

were obtained with a nominal pressure (e.g., about 0.5 to

about 2.0 psi). As mentioned, CMP processes carried out at

high pressures may cause undesirable delamination of lower-

20 k dielectric layers provided on the copper. Accordingly,

copper CMP should be carried out at low pressures, such as,

for example, pressures in a range of about 0.5 - 6.0 psi,

and more preferably pressures as low as 0.5 — 2.0 psi, to

minimize the shear forces that act on the low-k layers of

25 dielectric materials during the CMP process; Thus, the

slurries described herein may be used to édvantage in

copper CMP processes described herein, allowing the

processes to be carried out at high throughput rates while

minimizing defects such as micro-scratches, corrosion,

30 dishing, erosion, as well as enabling high cleanability of

the polished surface that has been exposed to a variety of

chemicals and particles.
The high disk polish rates obtained from CMP processes
described herein carried out at such minimal pressures

35 (e.g., in a range of about 0.5 to about 2.0 psi) indicates
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about 2.0 psi) . A s nentioned, CMP processes carried out at high pressures
may cause undesirable delam nation of |owerk dielectric |ayers provided on
t he coppewo 20@o0s3¥2ngl y, copper CVMP shoul d be carried oRCTAtS2006X0(SPESSUr €S,
such as, for exanple, pressures in a range of about 0.5 - 6.0 psi, and nore

preferably SS S ; 0.5 .- O .psi,,. to_mnpimze e orces
t hat act onE'lth%e C(E)t\?/v'-f\ﬁgl gbg}rq{slgétl J’lsaeﬁueliet r?g %qeer?%gngri n%#%hél%cmé
process. Thusasomes svoyr ités sdestribed exdridgiirt sragpubk wsedigh atheamitcaje in

copver O DLARSSIESPeng LUES, DR eLe ALUANIG! IS LGSR P Mg o0
m cr o- scr at olédybdernno irdmx idies parg,i cdressi oitds pyddemscheriatd iafy thigh
o canalt |11 ol e AAPLIed s aceyb el bab deenpiaased g KarELY o
processes descrriozdcbrheirdiibicary iaadd cat abrssadhiem poddkshpreassur exar( eq., in
a range of b%lét 0.05 t o,.about 2.0 psi,)S ir_rédi cat est hce activ eche.n‘i cta.l nat ure
of the sl ur FYRoChESOTHEY &8s onditiy 5t e ST &Mt 4 SR 5 115h
cheni cal react ithiet Y dvs- kiUl efl@cttird oc dyleatse adirs 3@ wtiromiofed.he nol ybdenum
Lo de particlos AR BLORElLhokge photheccanceniialions, ol e
ratesican beatrenecdfcens dengotibm@ntser’ as e sEUBAYS ofnd hdelmrd it on of
e a2 K dielesiiie, L avers can be i 2gd. s shawn Ln Giapl o5y
of the presenl/minvenrt.i orTheeseudel esnbiedxafpbesaso hi ghu ase B ofit 1t
ran/mnute. t-cl;heresllngxrréi E<'\asnyof un f‘ggéfgego p-ar Aic erse 2 (l);[]_gr eld, 000 nm (1
micron) in size and 1.0 wt % of 20 nm colloidal 8iO,

15 abrasives were added.

The post-polish surface of the copper was good with
post CMP surface roughness values of about 1 nm as measured
by a non-contact optical profilometer. If higher post-
polish surface quality is desired, the CMP polishing step

20 may be followed by a buffing step. In one embodiment, the
buffing step may involve additionally polishing the copper
surface with deionized water for about five to about
fifteen seconds at a pH in the range of about 5 to about 7.

The advantage of using a deionized water rinse buffing step

25 is the removal of reactive chemicals from the wafer-pad
interface, which removes residual amounts of molybdenum
oxide that may remain on the surface of the wafer-pad.
Clean and smooth copper surfaces may be obtained after
subsequent buffing using a deionized water rinse.

30 The general methodology for pattern wafer copper
polishing is to polish the bulk copper initially at a high
polish rate and then, as planarization is achieved, the
copper polish rate is reduced in order to minimize dishing
of copper lines. With proper adjustment of the slurry

35 constituent composition and process parameters, the slurry
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to renove any undi ssol ved particles above 1,000 nm (1 mcron) in size and
1.0w %of 20 nmcolloidal Si Q2 abrasives were added. The post-polish
surface oboth@/wepPper was good with post CMP surface roerghnss@ecwaisars of
about 1 nm as neasured by a non-contact optical prof iloneter . If higher

postpolish surface quality i.s_desi.red, the CVP palishing p

fol | owed byog Bﬁﬁ ifﬁﬁei?% . llrlﬁeS%éognbcoad} ﬁ%ﬁt Flﬁ?ﬁéi but¥ | F}éggt g%%%i nvol ve
addi ti onal | yiepabishbpy tdfe weppetisgriacaiwhier dedtors zeddwahen floweabout
five to about fifteen seconds at a pHin the range of about 5 to about 7 .

The advant a§8t6f-using a dei onized water rinse buffing step is the renoval
of reactive chemcals fromthe wafer-pad interface, which renoves residual

anount s of nol ybdenum oxi de t hat in on_the surface of the
waf er - pad. C ean and snooth copp@%ﬁﬁfﬁ@ﬁa&ﬁ be obtai ned after
subsegeent buffi Bguusiieg aoflecanmpedswal®r -rigweweThe wgarerab metliedol ogy

for pattern wafer copper polishing,js to polLish the bulk copper initially
at a hi gh pGPPERTr Q?EoéﬁaefthH,aagljpjr%ﬁ%rW% §F ot 5§ Dw ,djtaﬁber%c?otpper
pol i sh rat ecifs 6r gduted .i N Tekdebppe rMvaisNded odiitid @ yofe leepperpllatiess. Wt h

proper adjustnment of the slurry constituent co j.tiaon.and proce

par amet er s, TfRe C¥FuPPYIFNERe 5te Se HESERE Hoﬁ?qggﬁzbé“t @dl%é:r_%t@?)s'
gener al net hogebegy pblpehiiski padat thghesrsaéeswvandrétered anera rattes .
EXAMPLES 50 - 54 Slurries of exanples 50 - 54 were used to polish copper

depositPed offa’si 5PN wtRrPEH SRR RS dPAnElEr COPPETY s ¥afné' copper
was deposit gdubysebeet gabaki N¥ch (psi). The slurry flow rate was 200

ml/min. The amount of copper removed from the surface of
the disk by CMP was determined by measuring the thickness
of the copper film both before and after polishing, taking
15 into consideration the polishing time. This was then
converted into the rate of removal in terms of nm of copper
layer removed per minute.
The slurries of Examples 50 - 54 are all the same
except that the weight percentage of molybdenum trioxide
20 was varied for each example. Examples 50 - 54 all
contained 5% H,0, + 0.5% glycine + 10mM BTA - filtered + 1%
Si02 particles. Example 50 contained 0 wt.% MoO;. Example
51 contained 0.5 wt. % MoO;. Example 52 contained 1.0 wt.
% MoO;. Example 53 contained 3.0 wt. % MoO;. Example 54
25 contained 5.0 wt. % MoO;. The femaining percentages not
specified above represent the percentage of deionized
water. The weight % of molybdenum and polishing rates for
the copper disks of Examples 50 - 54 are presented in Table
11.
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The CWP polisher was a Westech Mbdel 372 with an | C 1400, k-groove
polishing pad. The carrier was rotated at a rate of 75 rpm The pressure

pl aced orwoheosopger di sk was 4 pounds per square i nch @pIIUS2006/DBISI urry
flowrate was 200 m/mn. The anount of copper renoved fromthe surface of
the disk by CVP was determ ned by measuring the thickness of the copper
filmboth before and after polishing, taking into consideration the
polishing time. This was then converted into the rate of renmoval in terns
of nm of copper |ayer renoved per rri@%%E ﬂe slurries of Exanples 50 - 54
are all the sane except that the wei g %e ent age of nol ybdenum tri oxi de
was varied for each exanple. Exanples 50 - 54 all contained 5% H2O2 + 0.5%
gl yci ne + 1oAMBFA——+Fttered—+21%-S-R—particles—Exanple—50-contained 0
Wt . % MO 3| FExmpie ¢ 51 conthimadCOmpSsistion % MbO 3. sxafplod 5 ke
1.0 wt . % MO 3. Exanple 53 contained 3.0 wt. % M)Q;3, Exam!1 .
cont ai ned 5}0—w—9g-MpO-3—TFhe—+eraihiRg—perc :
represent the pércentagé bfo,dei riizedywater: IDheMwei gt 4o of BaBbYybdepum and
polishing rates for o] isks,of . Exanples 50 - 54|are presentgd in
Tabl e 11. TABLE-11-E KB, EOPRRfonP 310 o les 55 - 58 were fised to
polish a coppersifi l Tﬁdé%oﬁjazed @rb%agdvtizeon swbsivr te. 38afer havong a
di ameter of [6 i nche$,wLh er fil depositeq byel ¢ctropl atin The
CVP pol i she-—\.t\.a-s—a-AbgsTtXn%hf. dar %i%\%z P 3 d = - e

3 Mﬂ_%mm&po@ﬂ ng
pad. The cafri &2 wa$ 5r.0tatigd ato &% attgcdhie 75 wopArM The. @ §t en wag rot ated at

75 BTA + filtered + 1% SiO,
53 5.0% H,0, + 0.5% glycine + 10 mM | 3.0% 1000
BTA + filtered + 1% SiO,
54 5.0% H,0, + 0.5% glycine + 10 mM | 5.0% 1200
BTA + filtered + 1% SiO,
EXAMPLES 55 -58
Slurries of examples 55 - 58 were used to polish a

copper film deposited on a silicon substrate wafer having
a diameter of 6 inches. The copper film was deposited by
5 electroplating. The CMP polisher was a Westech Model 372
with an IC-1400, k-groove polishing pad. The carrier was
rotated at a rate of 75 rpm. The platen was rotated at 75
rpm. The pressure (i.e.,_down—force) between the copper
and the polishing pad was about 4 pounds per square inch
10 (psi). The slurry flow rate was set at 200 ml/min. The
amount of copper removed from the surface of the disk by
CMP was determined by measuring the thickness of the copper
film both before and after polishing, taking into
consideration the polishing time. This was then converted
15 into the rate of removal in terms of nm of copper removed

per minute.
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rpom The pressure (i.e., down-force) between the copper and the polishing
pad was about 4 pounds per square inch (psi) . The slurry flow rate was set
at 200 mwoioé/0rb®2anmount of copper renoved fromthe surCaas2@b/o0d3e2 di sk by
CVWP was determ ned by nmeasuring the thickness of the copper filmboth
before and after i shing, taking.l onsd der ati on_t he, polishi tinme.
This was then coﬁ\ggr tSZLdlrllﬁteos t%% Fg‘z}a{taglbgﬁgr ergrsrfl’ovél %I%n F6r rr%ljgf tb%n % ecopper
renoved per excepte. theet sther | egpef Exaaplesibd -wd8 ameiald foe sk except

that the type_of .abrasive was varied.for.each Exanpl.e. anples, 55 - 58 all
Cont ai ned. DEEa0PI8,\p BEPEEES 9 10058 418 R R S P fr A
Exanpl e 55 6Gont a8 n&gdono+alir.asi gesylxiamgl e 560 coit aBTed cokbkamdaé &Sum na
(Al ) _particles, havin mean particle size 50 ._as, an .abr.asi.ve.
eyl 8 57 CORERIRGA. AL GorTs] V580 1 BHHio i o6 RAPERLTES 40130 e ve.
Exanpl e 58 eanitanaedAto)) qpiadalislidd,caavSindp paahi shesichavshge aofredn
particle size of 20 nm  as an abrasive._ The_renainin ercent ages t

speci fi ed aBBve ar%p?%s@ﬁf:atsﬁé(epergﬁﬁ?ﬁ@%eo%he‘f%‘?%ge‘&/aégfps?ﬂ@ ezfrbf%ect of
t he vari ous fuypes eflabaaspyesiobesheapol ash dtasOfe 2 S| undamlant &sni ng
0.5 w . % nol bdenamti&oxi dﬁ is.sho iin Table 12 . TABLE 12 Yet anot her
enbodi ment GP&ARGHe60S 18fdR ysﬁéﬁcé\gﬂﬁﬁpé)ew RAGUE Q5ER)

di ssollged | pageieniczed Aatef, 2an roxi digi A9 agelsiwas preneousns idgsey i bed
above. To this mxture is added, isj%g%)l nental ceram cgrret al oxide a;ﬂtﬁ. cles
as al ready BESCFPHEdSRereF PPt Py TERTEAGEE BRC RTF T UAID& R i cl es
or as funeddpabhii¢lds. wd#&r previagslaf fascr blfedtiabove rilduly regaed tor the
erIybdenumabrasives on the polish rate of a slurry containing 0.5 wt.

% molybdenum trioxide is shown in Table 12.

TABLE 12
Example Slurry Composition Abrasive Polish Rate
(1%wt.) (nm/min)
0.5% MoO, + 5.0% H,O,
55 + 10 mM BTA No Abrasive 360
0.5% MoO; + 5.0% H,O, 50 nm
56 + 10 mM BTA colloidal 495
. alumina (AlOQ,)
0.5% MoO; + 5.0% H,0, Aerosil® 200
57 + 10 mM BTA fumed silica 4385
(S10,)
0.5% MoO; + 5.0% H,0, 20 nm
58 + 10 mM BTA colloidal 740
silica (Si0,)

Yet another embodiment of an aqueous slurry may
comprise molybdenum dioxide (MoO,) dissolved in deionized
water, an oxidizing agent, as previously described above.

To this mixture is added supplemental ceramic/metal oxide
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di oxi de (MoQ2) slurry, the same oxidizing agents, conpl exing agents,
surfactants, corrosion inhibitors, acids, and bases nay be used in various
conbi nat iwoo0éan7e®eor dance with the teachings provi ded RreTais2006DBINOCO2 may
be utilized in a nmethod for polishing copper by chem cal - mechani cal

pl anari zatign. . The net hod co IS Ldi ng _an_aqyequs r onpri sing
di ssol ved I\/l‘t))érjz_lzciﬁgsaﬁ"lsoxal1 |§%’% gégﬁqu}éﬁg po Jﬁe&ﬁ]i’ntgbl%op‘ﬁéjf&\l}w %{ﬁ%t ge
aqueous sl untygedsiayy e lpodiddl ngapadcard @rprassimesd i pertidden-f orfice) of

bet ween about 0..5 psi d about. 6..0 psi_,.and _nore preferably . between about
0.5 psi andPAEEIP218 SErCIERARPIESE V1B &P AP FeSoof Man M R Egh g
were used tdipalideh a(Mepper <oatied, Si kheon swaier bavdhgiagdi avetrars,of 6

i nch Th . t ed t he wafer by el ectrapl ati.ng.. . The CVWP
ol nir S ORPIEEiath RERBESs YD TR e 400 HERTT & SO ‘pad.

The carri er awdsis,otaai®bade s nayebel ved pia Theipuessuvmpipbadedsond he
copper di sk was 4 Eoundnge are_i,nch slurry flow rate was

r.sq psi). . The

200 i/ mi n. 2FRETERDGH Y5 cBBSe"FJeFé’W& F&ﬁ%ltdﬁéi d§ 4l of the disk by
bClva was dﬁt e][ i n@@e:owdtgaﬁuyi m% txhleilb't@ckneﬁ_SaaOfmét!i@ocﬂ:Oﬁber Lil‘dﬂiﬁkﬁoidﬂ_
efore and after polishing, taking into consideration the i shi i me.
Thi s was t h&RPESHY %églq“%t%%wcg%ﬁ%l%?lr% VAFLFAt 1P s % emﬁe&?‘%é%pper

(r]I _e][r?vgd per lc):lfﬂn@)_&ti%esTb@oﬁﬁ.dehilg_eérﬁoiqlEéS@LﬁT@:c§Eu§1.9y cog@aﬁklM% htﬁﬁd‘lfafééix of |

i fferent abrasives on the polish rates of copper .disks. e 0 anpl es
59 - 62 was! R&enfafndd QFlQSEFBQiﬁHFQFyaEd.p@ﬁ&ﬁ%ﬁ895§°€8ﬁFaiH&ﬁl§“& %

KI B. ExanpkguedueoBtarre@dusing a polishing pad and a pressure (i.e.,

down-force) of between about 0.5 psi and about 6.0 psi, and

more preferably between about 0.5 psi and about 2.0 psi.

15 EXAMPLES 59 - 62
Slurries of examples 59 - 62 were used to polish a
copper coated silicon wafer having a diameter of 6 inches.
The copper was coated on the wafer by electroplating. The
CMP polisher was a Westech Model 372 with an IC-1400, k-
20 groove polishing pad. The carrier was rotated at a rate of
75 rpm. The pressure placed on the copper disk was 4
pounds per square inch (psi). The slurry flow rate was 200
ml/min. The amount of copper removed from the surface of
the disk by CMP was determined by measuring the thickness
25 of the copper'film both before and after polishing, taking
into consideration the polishing time. This was then
converted into the rate of removal in terms of nm of copper
removed per minute.
The slurries of Examples 59 - 62 show the effect of
30 different abrasives on the polish rates of copper disks.
The pH of Examples 59 — 62 was maintained at approximately
4. Example 59 contained 3 wt % KIO,. Example 60 contained
filtrate from a solution comprising 3 wt % MoO; + 3 wt %

KIO;. Example 61 contained filtrate from a solution
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filtrate froma solution conprising 3 w % MO 3 + 3w %KIO 3. Exanple 61
contained filtrate froma solutionconprising 3w %9MO3 + 3w %KIGO + 3
wt % si | iwa.2oteanpke 62 contained filtrate from a sol ut ipam/usemend@spng 3 w
%MO3 +3w %KIB + 3w %alum na. The renai ni ng percentages of the
slurry co [ \hi re spechfi Le ent -t per t.age of

dei on?zed%?ﬁ#%ﬁ%mﬁgﬁ? p"e:hg%?ﬁ ageban‘@gt)‘?pg&?; JébrSars}'l?%/eé) %ﬁ the di sk
pol i shi ng r &kesprfler 6PhecobppreddfsksratceERaopl @ss&buti@? comppisisent®d in

Tabl e 13. TABLE | wr ition Lve | i t e
(nnfitiin) e A A S IR (o e Pt Yo SRy S s P S
3% MbB + 3¢eKlceB tsigeiscac853:#His (Si@l)y 3%umposd t3%nVb@B1eh3% 4t «€B ratuni na
840+17 (Al I i |3 odu and_proces |l ectively
Feprosdnt aRPErudt Cant CRECEPBbnER 1L A {Se hiol gy RS RebRbet ar
process di seesghd apeveeatragaowsld dyeei nofi whramidrds ghhy benef idissd from
a technical _and_ut.ilitarian standpoint, Having herein_set.faor preferred
enbodi nent s¥or elngr éfsaécn s iff?vre%qf%n?‘g??%sdé%FFchagéamP%ﬁﬁ tér’[%’l tabﬁ{%

nodi fi cat i oasec aresentede inha&aetle i3i.ch will nonet hel ess remain within the
scope of the invention. The invention shall therefore only be construed

TABLE 13
Example Slurry Composition Abrasive | Polish Rate
(nm/min)
59 3% KIO, none 3043

60 3% MoO; + 3% KIO; none 268+10
. 3%wt.

61 3% MoO; + 3% KIO, silica 353x15
(S10,)
33wt.

62 3% MoO; + 3% KIO, alumina 84017
(A10,)

In conclusion, the claimed product and process
collectively represent an important development in CMP
technology. The product and process discussed above are
novel, distinctive, and highly beneficial from a technical

5 and utilitarian standpoint. Having herein set forth
preferred embodiments of the present invention, it 1is
anticipated that suitable modifications can be made thereto
which will nonetheless remain within the scope of the
invention. The invention shall therefore only be construed

10 in accordance with the following claims:
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in accordance with the followng clainms: CLAIMS : 1 . An aqueous slurry for
chem cal nechani cal planarization of a copper |ayer on a sem conduct or
subst r at eyvocom7e®eng a sol uble salt of nol ybdenum di sselcras2ena/oospeoni zed
wat er and an oxidizing agent. 2 . The aqueous slurry of claim1 , wherein
sai d solubI? §gF of nol ybdenum conpri ses an amoni um nol ybdate. 3 . The
aqueous slu Pé ‘claim2 , wherein said anmmoni um nol ybdat e conpri ses one
or nore sel ectedif.romarhe greaguLonsistiyng gbramubrini®adi Mladidatiezal
anmoni um hept anol bdate and. anmoni um oct anol ybdate. 4 . The aqyeous slurry

of claim1l dizf 4 Qfur By &ﬂﬂ?ﬁrsesl t T 1 B T HESRIG D% by

wei ght  of S@h@s%@'alﬂél e Sadrip©fsimy ybdenysiuble Thalzquegus nﬁ:ll%dérﬁfm claim
1, wherein said OXIdIZIn gent conprises one or nore selected fromthe

group consi $&iS8G1FEhydr THEEX e S T @YY EThibr it e o tum i odat e,
nitric acid, potassium pernanganate, potaSS|un1persquate anmmoni um
persul fate, potassium periodate, and hydroxyl ani ne . A net hod for

pl anari zi ng coppér, ﬁﬁ%l%ﬁH@OuErdﬂﬂﬂﬁﬁg 8% dﬁh%b%s]sluW??rﬁbﬁpﬁF§Vﬁg a

sol ubl e sal oahpTRl )éQﬂ%né'F‘niBl%&Qié&ﬁﬁn cRmehel iz 8 ARHER 1 @R AN KREH Zi ng
agent; introducing the aqueous slurry between the copper and a polishing

pad; applying a pressure between the polishing pad and the copper, said

pressure being in a ragge ghuabayt O.B-MRpi o0 @bt & PSihe2BUADW NG t he
pol i shing pad and the CO@PGV relative to
ammonium molybdate comprises one or more selected from the
group consisting of ammonium dimolybdate, ammonium

heptamolybdate, and ammonium octamolybdate.

4. The aqueous slurry of claim 1, wherein said
slurry comprises about 0.1 % to about 10 % by weight of

said soluble salt of molybdenum.

5. The aquecus slurry of claim 1, wherein said
oxidizing agent comprises one or more selected from the
group consisting of hydrogen peroxide, ferric nitrate,
potassium iodate, nitric acid, potassium permanganate,
potassium persulfate, ammonium persulfate, potassium

periodate, and hydroxylamine.

6. A method for planarizing copper, comprising:

providing an aqueous slurry comprising a soluble salt
of molybdenum dissolved in deionized water and an oxidizing
agent;

introducing the aqueous slurry between the copper and
a polishing pad;

applying a pressure between the polishing pad and the
copper, said pressure being in a range of about 0.5 psi to

about 6 psi; and
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one another. 7 . The nethod of claim®6 , wherein providing an aqueous
slurry conprises dissolving an ammoni um nol ybdate in dei oni zed water. 8 .
The net howloahoead7edomn 7 , wherei n di ssol vi ng an ammoni um roiryUsd@ceoasonpri ses
di ssolving in deionized water one or nore conmpounds sel ected fromthe group

consi sting of amupni.um di.nol a i um. h anol| at e nd _a ni um
oct anol ybdat e . &OYJ‘%@edCrPeet r%%%%ﬁﬁ%{%‘%’@ ?H%ggéi gcggﬁ:%% ﬁreélsagtul%ee ggi n a
range of abome @nbthsir.and about 2.0 psi. 10. The nethod of claim6 ,
further conprising rinsing the copper with deionized water at a pH of about
5 to about 7 for about five to about fifteen seconds. 11. A nethod for

pol i shi ng copper,7.comithesi ngthpdowfli pdadmhi §h phladrsetinr apeosiding an
conprising a sol ubl elsalt of nmol.ybdenum di.ssol ved in dei.oni zedjlp\{%a ar and an
oxi di zi ng agEMEC NS0Ty BB St (H T35 Hifigh PoId TR HAR 19 -

provi di ng aimowepohnisted ataecesd.urry conprising said soluble salt of

nol ybdenum di ssol ved i n dei oni zed water, an oxidi zing agent, and a
corrosion inhibitor; and additionally polishing the copper with the | ow
polish rate slurmy. 1ZhelheetrRblodrofcTdah M7l winvdiesh Nndpeevileting aard ow

polish rate slurry conprises changi ng an anount of the spluable salt of

ol ybdenum ERECTHLTIRSISRORE S AORBEGRF ol ALY, A StRbtRd STArTY

conpri si ng anrObybdb£e achiflochise®| stk dtte AT rox dh2ai §goageddnsisting of
ammonium dimolybdate, ammonium heptamolybdate, and ammonium

octamolybdate.

9. The method of claim 6, wherein said pressure is

in a range of about 0.5 psi and about 2.0 psi.

10. The method of claim 6, further comprising rinsing
the copper with deionized water at a pH of about 5 to about

7 for about five to about fifteen seconds.

11. A method for polishing copper, comprising:

providing a high polish rate slurry comprising a
soluble salt of molybdenum dissolved in deionized water and
an oxidizing agent;

polishing copper with the high polish rate slurry;

providing a low polish rate slurry comprising said
soluble salt of molybdenum dissolved in deionized water, an
oxidizing agent, and a corrosion inhibitor; and

additionally polishing the copper with the low polish

rate slurry.

12. The method of claim 11, wherein providing a low
polish rate slurry comprises changing an amount of the
soluable salt of molybdenum that is dissolved in deionized

water.
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14. The aqueous slurry of claim 13, wherein said nolybdic acid conprises
one or nore selected fromthe group consisting of: pho sphono 1 ybdi c
aci d, phosphotumg®eonol ybdi ¢ aci d, and vanadi onol ybdi ¢ &cCirais2ds/0008he
aqueous slurry of claim 13, wherein said slurry conprises about 0.1%to

about 10% by wei ght of, said | ybdj jd.. 16..The aqueo l.urry of . claim
13, wherein saidqg&idf%ﬁn%q%%e%¥ g%%%ﬁﬁ%ego% e or " fore géﬁg%geg fF%H¥the
group consi stiigsgp lofechyidr egemxpericxime,adeertri ¢ nitrate, potassi um i odate,
nitric acid, potassium pernanganate, potassium persulfate, ammoni um

persul fate, potassium periodate, and hydroxylam ne. 17. A nethod for

pol i shi ng copper ,l4conmhesi aguepusVvisdiurgyvanofqeéads sl r yheeephi Ssagd

mol ybdi ¢ aci d .di ssol ved i n_oxi di zi ng_agent: introducing.the agueous slurry
bet ween t he OIRHER Caf6 8 HOTPERPRG PACC BB AE ISCHPESSHPE DR WERIT he

pol i shi ng patbred sthengoppere £3ai d presspghe dehrgno b ydo darge ofaabeut 0.5

psi to about .6 i ;. and noving f.he poljshin ad and th opper, relative to
one anot her.phf@% émﬁ@ttﬁ&?lé’g} Cai%ﬂd?, E\Wgr‘%inr‘?cgﬁnﬂ) c(EjraeCJi “in a
range of about 0.5 psi and about 2.0 psi.19. The nethod of claim 17,
wherei n providing _an ueous slurry conprises dissolyvjng phosphonpl ybdi c
BT (PVR) 1 andoer iR et S0U TR SotROA1Br T ar HOEFe Rl T
conpri si ng rd1Rgirig dohg raepreabshitth odesi e8i Zpduwal 8¢ By we prhofonboaid

molybdic acid.

16. The aqueous slurry of claim 13, wherein said
oxidizing agent comprises one or more selected from the
group consisting of hydrogen peroxide, ferric nitrate,
potassium iodate, nitric acid, potassium permanganate,
potassium persulfate, ammonium persulfate, potassium

periodate, and hydroxylamine.

17. A method for polishing copper, comprising:

providing an aqueous slurry comprising molybdic acid
dissolved in oxidizing agent;

introducing the aqueous slurry between the copper and
a polishing pad;

applying a pressure between the polishing pad and the
copper, saild pressure being in a range of about 0.5 psi to
about 6 psi; and

moving the polishing pad and the copper relative to

one another.

18. The method of claim 17, wherein said pressure is

in a range of about 0.5 psi and about 2.0 psi.
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5 to about 7 for about five to about fifteen seconds. 21. A nethod for
pol i shing copper, conprising: providing a high polish rate slurry
conpri si myoaoosal7ydddi ¢ aci d di ssol ved in an oxi di zi ng agentr/uspalciosdspng
copper with the high polish rate slurry, providing a low polish rate slurry

conprising said | ybdj ¢ aci.d dj ss OXIdIZIng a

corrosi on i nhi bitor; gha S§ding ng %ﬁﬁﬁ}sﬂ?hg geégpd%ggyi?ﬁ%gh S ow
polish rateaghebuy. sPRrri dsmﬁﬂsnoﬂsésrdmﬁa)wﬂm & @peephcoaripidsiangicid
provi di ng ag ﬁgyeous slurré. n§r|5|n di ssol ved MbO 3 and an oxi di zi ng
agent: intro8UE! ngPt AB 88uBGES™ 8l BPF)thet ween the copper and a pol i shing
pad; applying a pressure between the polishing pad and the copper, said

pressure being in.a range of abqut j_and abaqut 6.0 psi; and.nmoving
the polishing pag and?’ B%e Boppe ?ai?ﬁ%“?oq% gﬁﬁi SSPEIS IR hod of
cl ai m 22, V\@thhﬁgﬁ@gdf @bp@éiur eltﬁl de-aohange Q&t@boutc a @Hpsjf amduabout
2.0 psi. 24_ A nmetho or. poljshin p conprli, provi di ng an
aqueous sl uPr CcBRBHFsi’ n§di §§8P§eg CE? 8RU%n £4 t& ?|ﬁ59&&§ﬁ

i ntroduci ng the aqueous slurry bet ween the copper and a polishing pad;

appl ying a pressure between the polishing pad and the copper, said pressure
being in a range<ét aboBEthod SQE Qﬁ&léﬁgﬁﬁ &°HPHE ; CRRgrising:

providing a high polish rate slurry comprising a
molybdic acid dissolved in an oxidizing agent;

polishing copper with the high polish rate slurry;

providing a low polish rate slurry comprising said
molybdic acid dissolved in an oxidizing agent, and a
corrosion inhibitor; and

additionally polishing the copper with the low polish

rate slurry.

22. A method for polishing copper, comprising:

providing an aqueous slurry comprising dissolved MoO,
and an oxidizing agent;

introducing the agqueous slurry between the copper and
a polishing pad;

applying a pressure between the polishing pad and the
copper, said pressure being in a range of about 0.5 psi and
about 6.0 psi; and ,

moving the polishing pad and the copper relative to

one another.

23. The method of claim 22, wherein said pressure is

in a range of about 0.5 psi and about 2.0 psi.

24. A method for polishing copper, comprising:
providing an aqueous slurry comprising dissolved MoO,

and an oxidizing agent;
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nmoving the polishing pad and the copper relative to one another. 25. The
met hod of claim 24, wherein said pressure is in a range of about 0.5 psi
and aboutw.200q085392 PCT/US2006/000892

introducing the aqueous slurry between the copper and
a polishing pad;

applying a pressure between the polishing pad and the
copper, said pressure being in a range of about 0.5 psi and
about 6.0 psi; and

moving the polishing pad and the copper relative to

one another.

25. The method of claim 24, wherein said pressure is

in a range of about 0.5 psi and about 2.0 psi.
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