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| evel s of nmetallization in a silicon substrate or well. The electrical
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use of 30 netallized vias. U S. Patent 4,789, 648 describes a nethod for
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semiconductor.

BACKGROUND OF THE INVENTION

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

20 the use of well-known multilevel interconnections.

Interconnection structures normally have a first

layer of metallization, an interconnection layer, a
second level of metallization, and sometimes a third and
subsequent level of metallization. Interlevel

25 dielectrics, such as doped and undoped silicon dioxide
(810,), are used to electrically isolate the different
levels of metallization in a silicon substrate or well.

The electrical connections between different

interconnection levels are made through the use of

30 metallized vias. U.S. Patent 4,789,648 describes a
method for preparing multiple metallized layers and
metallized vias in insulator films. In a similar manner,
metal contacts are used to form electrical connections
between interconnection levels and devices formed in a

35 well. The metal vias and contacts may be filled with
various metals and alloys (hereinafter referred to as

“eonductive metals”), such as titanium (Ti), titanium



2 nitride (TiN, alum numcopper (Al -Cu), alumnumsilicon (A -Si), copper
(Cu), tungsten (W, noble netals (e.g., iridium(lr), ruthenium (Ru), gold
(Au), and platinum (Pt)), and conbinations thereof. 5 Th as and
contacts ép é?%?ly enpl oy an adhesion | ayer (hereinaftersFﬁﬁéﬁ¢ﬁ%kﬁo as a
"barrier filnl'), such as a titanium (Tp), titaniumnitride (Ti N

tantalum (Ta), or tantalumnitride (TaN) barrier film to adhere the netal
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pad by a carrierr,Agnabkasi ¥enand:chephaakhyt8agkl ¥eocess,
metallized vias or contacts are formed by a blanket metal
15 deposition followed by a chemical-mechanical polish (CMP)
step. In a typical process, via holes are etched through
an interlevel dielectric (ILD) to interconnection lines
or to a semiconductor substrate. Next, a barrier film is
formed over the ILD and is directed into the etched via
20 hole. Then, a metal film is blanket-deposited over the
barrier film and into the via hole. Deposition is
continued until the via hole is filled with the blanket-
deposited metal. Finally, the excess metal is removed by
chemical -mechanical polishing (CMP) to form metal vias.
25 Processes for manufacturing and/or CMP of vias are
disclosed in U.S. Patents 4,671,851, 4,910,155, and
4,944 ,836.
In a typical chemical-mechanical polishing process,
the substrate to be polished is placed in direct contact
30 with a rotating polishing pad. During the polishing
process, the pad and substrate are rotated while a
downward force is maintained on the substrate against the
pad by a carrier. An abrasive and chemically reactive
solution, commonly referred to as a "slurry," is applied
35 to the pad during polishing. The slurry initiates the
polishing process by chemically reacting with the

substrate being polished, and the abrasive acts to



solution, commonly referred to as a "slurry,” is applied 35 to the pad
during polishing. The slurry initiates the polishing process by chemcally

reactin i e substrate being polished, and the abragj to WO
01/41978ng{i;}b‘g30/ 42522 3 mechanical |y polish the substrg{:ﬁaSW%z?zez t he
abrasive typically is in the slurry, the abrasive also can be fixed on

the polishing pad. The polishing process is facilitated by the rotational
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in 20 integrated circuit .t ol ogy. . Accordi ngl t he olishing efficiency
of parti cu%ahrlsporﬁl&}% elrngu%tofn%pgcsqil? i%%sslr? %%%ﬁh%%to%p%kﬁgt%%b%%ﬂ%%%i tion, as
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conductive netal the harri ' rrj ' I tani um
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t ypi cal Coﬁgéﬁiﬂﬂﬁhgmﬁééﬁt,S&K@‘éﬁ%asive, and other useful
additives, the polishing compositicon can be tailored to

15 provide effective polishing to metal layers at desired
polishing rates while minimizing surface imperfections,
defects, corrosion, and erosion. Furthermore, the
polishing composition can be used to provide controlled
polishing selectivities to specific materials used in

20 integrated circuit technology. Accordingly, the
polishing efficiency of particular polishing compositions
is dependent upon the composgition, as well as the
chemical nature of the component metals in the vias
(i.e., conductive metals) and the barrier films.

25 Barrier films of titanium, titanium nitride, and
like metals, such as tungsten, are chemically active in
general. Thus, such barrier films are similar in
chemical nature to typical conductive metals, such as
copper. Consequently, a single polishing composition can

30 be used effectively to polish both Ti/TiN barrier films
and Cu conductive metals at similar rates. Such
polishing compositions typically contain an abrasive
material, such as silica or alumina, suspended in an
agqueous medium with an oxidizing agent, a film-forming

35 agent, and/or other components. See, e.g., U.S. Patents
5,726,099, 5,783,489, 5,858,813, and 5,954,997.



copper. Consequently, a single polishing conposition can 30 be used
effectively to polish both Ti/TiN barrier films and Cu conductive netals

at simlar rates. Such polishing conpositions typically i
abr asi veVOPEY?al . such as silica or alumina, suspended f%gdoﬂé%geous

medi um wi th an oxi di zi ng agent, a film4gormng 35 agent, and/or other
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20 tantaluma a conductive ne i'n a manner such that
pl anari zat ijoriraf focdiiehdyng @i fctﬂrrﬁlt%tlvem‘@ﬁi?@rﬁ)md rearet aken fgsd Wi zed and
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under | yi ng dD gtr aphy, are mnimzed. The present invention
conductive metal dishing. These undesirable effects are

15 due to the significantly higher removal rate of typical
conductive metals than of tantalum during the polishing
process with the aforementioned polishing compositions.

Consequently, there remains a need for a method of
chemically-mechanically polishing a substrate comprising

20 tantalum and a conductive metal (e.g., copper) in a
manner such that planarization efficiency, uniformity,
and removal rate are maximized and undesirable effects,
such as surface imperfections and damage to underlying
topography, are minimized. The present invention

25 provides such a method. These and other characteristics
and advantages of the present invention will be apparent

from the description of the invention provided herein.

BRIEF SUMMARY OF THE INVENTION
30 The present invention provides a method of
chemically-mechanically polishing a substrate comprising
tantalum and a conductive metal, wherein the method
comprises (a) applying to the substrate a conductive
metal-selective polishing composgition and a metal oxide
35 abrasive, (b) selectively removing at least a portion of
the conductive metal as compared to the tantalum from the

substrate, (c) applying to the substrate (i) a tantalum-



25 provides such a nmethod. These and other characteristics and advantages
of the present invention will be apparent fromthe description of the

i nvention ovi ded herein. BRI EF SUMVARY OF THE | NVENTI ON esent
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15 selectively removing at least a portion of the conductive
metal as compared to the tantalum from the substrate, (c)
adjusting the conductive metal-selective polishing
composition or the polishing process to render the
conductive metal-selective polishing composition a
20 tantalum-selective polishing composition, and (d)
selectively removing at least a portion of the tantalum

as compared to the conductive metal from the substrate.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

25 The present invention provides a method for
chemically-mechanically polishing a substrate comprising
tantalum and a conductive metal (other than tantalum).
The method comprises (a) applying to the substrate a
conductive metal-selective polishing composition and a

30 metal oxide abrasive, (b) selectively removing at least a
portion of the conductive metal as compared to the
tantalum from the substrate, (c) applying to the
substrate (i) a tantalum-selective polishing composition
and (ii) a metal oxide abrasive, and (d) removing at

35 least a portion of the tantalum as compared to the

conductive metal from the substrate.



selectively renmoving at |east a portion of the tantalum as conpared to the
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of the conquetive.dmialivelivnty dfpdaialum liamasubstrate, e.g., a

conductive m?ectlve polishing composition, such as described above.

15 The term “conductive metal-selective” refers to the
preferential removal of the conductive metal relative to
the tantalum from a substrate, e.g., a conductive metal:
tantalum removal rate ratio of greater than 1.
Similarly, the term “tantalum-selective” refers to the

20 preferential removal of the tantalum relative to the
conductive metal from a substrate, e.g., a conductive
metal:tantalum removal rate ratio of less than 1. The
term “tantalum” refers to tantalum itself, as well as
tantalum-containing compounds. Thus, the tantalum can be

25 in the form of, for example, tantalum metal or tantalum
nitride.

It is desirable in some instances to transform the
conductive metal-selective polishing compogition to a
tantalum-selective polishing composition in situ, e.g.,

30 during the polishing process. This can be accomplished
in any suitable manner. The conductive metal-selective
polishing composition can be adjusted to provide a
tantalum-selective polishing composition, for example, by
increasing the pH of the polishing composition, by adding

35 additional components and/or altering existing components
(e.g., in terms of reactions or concentrations) of the

polishing composition, by increasing the concentration of



tantalumrenoval rate ratio of greater than 1. Simlarly, the term
"tantal umsel ective" refers to the 20 preferential renoval of the tantalum

rel ativeﬁ\% t‘ﬂ? conductive nmetal froma substrate, e.g., ﬂ jve
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15 Depending on the particular embodiment of the
present invention, the conductive metal-selective and
tantalum-selective polishing compositions can have some
components that are the same or can have all different
components. To the extent the conductive metal-gselective

20 and tantalum-selective polishing compositions have the
same components, those components can be present in the
same or different concentrations.

The conductive metal can be any suitable conductive

metal. Suitable conductive metals include, for example,

25 copper, aluminum, aluminum silicon, titanium, titanium
nitride, tungsten, tungsten nitride, gold, platinum,
iridium, ruthenium, and alloys and combinations thereof.
Preferably, the conductive metal is copper.

The metal oxide abrasive can be any suitable metal

30 oxide. Suitable metal oxides include alumina, silica,
titania, ceria, zirconia, germania, magnesia, and
combinations thereof. Preferably, the metal oxide
abrasive is silica. More preferably, the metal oxide
abrasive is fumed silica.

35 Any suitable amount of the metal oxide abrasive can
be used in the context of the present invention. The

metal oxide abrasive desirably is present in the



of the pad during contact with the substrate, or any conbi nation thereof.
15 Dependi ng on the particul ar enbodi nent of the present invention, the

conduct i -sel ective and tantalumsel ective polishj jtions
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conduct i ve STetal -'sél éctive A Ctoénrﬁoasiiurﬁosr}ﬁ eicﬂ ia\/ecorbcoeir}tsﬁﬁtﬁgo%o%osi tions,
for exabpl ebout 2 -dénerntyr.at iAdrt erofatabaity ,2-t36¢: wet%l( exxgide about 2- 20
w. % . Prefgrabli.. the @ gxide ahrasive i pesent i the conductive 5

met al - sel ective and tantalum sel ecti've polishing” conpositions in a
concent r at ifdiest) aBoihe2Prg igthigag @agl.  2-12 wt. % Mre preferably, the

nmetal oxide abragjeV@drsulfate compound can be any suitable
persulfate compound. Suitable persulfate compounds

15 include, for example, peroxymonosulfate acids,
peroxydisulfate acids, and salts thereof. Preferably,
the persulfate compound is ammonium peroxydisulfate.

Any suitable amount of the persulfate compound can
be used in the context of the present invention. The

20 persulfate compound desirably is present in the
conductive metal-selective and tantalum-selective
polishing compositions in a concentration of about 0.1-5
wt.%, e.g., about 0.1-4 wt.%. Preferably, the persulfate
compound is present in the conductive metal-selective and

25 tantalum-selective polishing compositions in a
concentration of about 0.1-3 wt.%. More preferably, the
persulfate compound is present in the conductive metal-
selective and tantalum-selective polishing compositions
in a concentration of about 0.1-2 wt.%.

30 The passivation film-forming agent for the
conductive metal can be any suitable passivation film-
forming agent for conductive metals. Suitable
passivation film-forming agents for the conductive metal
include, for example, heterocyclic organic compounds.

35 Preferably, the passivation film-forming agent for the
conductive metal is a heterocyclic organic compound with

at least one 5- or 6-member heterocycle ring as the



present in the conductive netal -sel ective and tantalum selective polishing
conpositions in a concentration of 10 about 2-10 wt.% Alternatively, the

net al asive, in whole or in part, can be presen fixed)
on the p%‘gﬁ?% pad. The persul fate conpound can be any Eﬁ'ﬁ'/t%g&/gszz

persul fate conmpound. Suitable persul fate conmpounds 15 include, for
exanpl e, peroxynonosul fate aci ds, peroxydisulfate acids, and salts thereof.

Pr ef er abl y acttike Fi@frﬁiﬂﬂcﬁiaﬁl Wndﬂﬂ&m@m@@é%wwl fate. Any
sui tabl e armunt of t per ulfate co ound can be used in_the ont ext of

the present iRt ﬁleper?*%ttﬁ te TopounPHesPTabfy2PsY present in
t he conducihev@amlaziatsejrecﬂmm fandntrantadaemt sebecthe ecopdheshvag

oo by o el AL AEEMAL AN Of Aboof M Reotlnda gl SR O 12

w.% Prefera , the persultate oun is present Tn e conductlve
met al - sél eéfth)ﬂﬁelr@n&%q%t alMaRts aesisnab ol i sl nep soiposienohslin a

concent r at if)Afn ARRQYENDO. 513 Me %ooie: PrefRE@b] visthenpersytiat e
conmpound i s present I n the conductive netal - selective and

tant al um sel ect ANY oM IR FEHTsit o B3 % W@nteat Fat T ofPBriRHout
0.1-2 w. %ag&GltTrf@rpa;Sﬁ wadridue f i venier 4l nghragentpfogetthein comeuct i ve met al

b t fil f ' t f du t al
Sl tabl o 538 At oh YT TN T e b T PRt T bt
i ncl udég fmarmedmlﬁeﬂmi@mypﬁlmmirrgam@nmmqmmds. B vedesmaind y, the
passivati OQ)H 'tlrg \ﬂaaf%;g Qﬁptfll% E(%q'nlr?g? - Ve n%g%@ioﬁgl alzjl]eg}% ocyclic

organi ¢ compoun east one erocycle ring as the
WO 01/4197$qr@P/q990@/4t285t@21 P Lra e frmt $loved @@m@ﬁw\mﬁm n the

heterocycle ring;i gptaifiedicd 68t Qg I RgeR & P Nore; s ef erably,

polishing composition, when the passivation film-forming

15 agent for the conductive metal is present in the
conductive metal-selective polishing composition, it
desirably is present in a concentration of about 0.001-1
wt.%. Preferably, the passivation film-forming agent for
the conductive metal is present in the conductive metal-

20 selective polishing composition in a concentration of
about 0.001-0.75 wt.%, e.g., 0.001-0.5 wt.%. More
preferably, the passivation film-forming agent for the
conductive metal is present in the conductive metal-
selective polishing composition in a concentration of

25 about 0.01-0.3 wt.%

With respect to the tantalum-selective polishing
composition, the passivation film-forming agent for the
conductive metal preferably is present in the tantalum-
selective polishing composition in a concentration of

30 about 0.1-1 wt.%, e.g., about 0.3-0.9 wt.%. More
preferably, the passivation film-forming agent for the
conductive metal is present in the tantalum-selective
polishing composition in a concentration of about 0.4-0.8
wt.%. Most preferably, the passivation film-forming

35 agent for the conductive metal is present in the
tantalum-selective polishing composition in a

concentration of about 0.5-0.7 wt.$%



the passivation filmform ng agent for the conductive netal is

benzotri azole, triazole, benzimdazole, or a 5 m xture thereof. Mst
prefera passivation film form ng agent for the c nmetal is
benzotrPéﬁﬁ?énﬁ3Any sui tabl e amount of the passivation flﬁﬁﬂﬁg%%¥%ﬁ agent
for the conductive netal can be presentoin the conductive netal -sel ective
pol i shing conposition and the 10 tantal umselective polishing conposition.
The presence ofhé h@or@@&@tyﬁéirﬁ@téilﬁéiééﬂlﬁg pg@mbhhﬁgoﬁbingﬁéﬁtiiﬂn}]he
conducti ve netal electlve ol Lshing, c oSi Li hr ect to the
conduct i veChet s é%l%%?lvep 8%i§h?ﬁ5 gggp FF gﬁrvgﬁgh Eﬁg passi vati on
f|In}forn1©gnd46tagenmet@l sheecondecpovéshengl cosppsesent hast hepH
conduct i ve, ey §e£e§t|ge polé i, Pg,ce sLiLap d rably is present
in a concentra?%%n of abou 0%? ? ngg ére? rabe, %ﬁg passi vation
filmform hyRagent- $@¥eCEh@ecEﬁaa§b#0@ feraPsis ipredent reklyh&agoaduct i ve

metal 20 sgﬁe@flagoﬁglgsbing ﬁ?@?@%hbl?n tﬂeataaea@uhtaéu@atqbe about
0.001-0.75 % . e. % g agre erably, the passivation
I

filn}forniﬂéﬁh h?ng?mPﬂﬁlt&8ﬂdﬁﬁFl9epﬁeP Qubréséﬁt PnSt he2E6HAuUCt i ve
net al - sel ecdive podbishing. compestli 66 theaceadoentat mena0f 25 about
0.01-0.3 mge%b yggh respegt toCth taggghuggge ectlve O|I§ r% der

conposi tion, the pastiva |ongf|?n$?ornlng agen for IHRe® rve met al

pr ef erldbl yths 9@@@e©t1Vﬁ mhealaaeé&unlvsepeinshengobpmppﬁgtaomp@s|t|on in a
ConcentrattQﬂtQiuﬁos@ngﬁlge %l¥%hf% €c8m o@?g En0 wﬁtg - % More )
preferably, the passivation F m agent or t co ductlve netal is
present inS¥heak tEﬁuﬁ@%EF%@FrveSubéﬁbgﬁlﬁ§ 88065 ErFoATFAUEScoACENt rat i on

of about Oeﬁaﬂpﬁe Whade s Mastn paef gpalb¥iuhhayBassiMat | @Rmbhk thf or m ng 35

agent for conductive, netal E gresentdln t he tankalun}selectlve
pol|sh|ng E% 8%? ?Ons? 1am carbonate, and mixtures thereof
15 well as acids such as mineral acids (e.g., nitric acid
and sulfuric acid) and organic acids (e.g., acetic acid,

citric acid, malonic acid, succinic acid, tartaric acid,
and oxalic acid) .
The conductive metal-selective and tantalum-

20 selective polishing compositions can optionally further
comprise polyacrylamide or polyurethane diol. Any
suitable amount of polyacrylamide or polyurethane diol
can be present in the conductive metal-selective and
tantalum-selective polishing compositions. Preferably,

25 the polyacrylamide or polyurethane diol is present in the
conductive metal-selective and tantalum-selective
polishing compositions in a concentration of about 0.05-2
wt.%. More preferably, the polyacrylamide or
polyurethane diol is present in the conductive metal-

30 selective and tantalum-selective polishing compositions
in a concentration of about 0.05-1.5 wt.%, e.g., 0.05-1
wt.%. Most preferably, the polyacrylamide or
polyurethane diol is present in the conductive metal-
selective and tantalum-selective polishing compositions

35 in a concentration of about 0.1-0.5 wt.$%

The conductive metal-selective and tantalum-

selective polishing compositions optionally can further



concentration of about 0.5-0.7 w.% WO 01/41973 PCT/ USOQ 42522 10 The
conductive netal -sel ective polishing conposition desirably has a pH of

about 3-§6Hﬁh§%§rably, the conductive netal -selective pohhfkﬁﬂgp5¥he c

conposi t a pH of about 4-7, e.g., about 4-6 or ab
tantal um sel ecti ve polishing conpositian desirably has a pH of about 3-11.
Preferably, the tantalumsel ective polishing conposition has a pH of about
5-11, e.g.compolite 6n8 of abeel otn@r Hagiphvels t heseonduetiive d@et al - _
sel ective oIEs ing c%nﬁ si%iog can be %djusted to r%pder 10 the conductive
netal-selegPFvg pori'shit Sa FpoSi-Biron C& L 1PARCaISIH E& "6 e PHIGE ng
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for exa uc i raxi.de, i dr oxi de,
sodiun1cgfégﬁggg?sgﬁg'n?%?égggggﬁérgg#?%gggéggVeﬁﬁ'as §#£E§Q%uch as mnera
aci ds (%®. gtherreiic RelUMeaAg stkbddiceasi dF andeor ganifocaciaty (v g. |
acetic aci dispeirbihg agkfcsnakoBi ¢ A¢icdpreMae RiG ACidgdard adigacid,  and
oxalic acid). The conductive nmefal-Selective and tantal'um 20 sel ecti ve
pol i shi ng EoRpBELErEns 2R PHFEPSRERLY ForPRedsconmpli e ffaisfactssi%ani de or
pol yur et hapetdket umApyosphiatabl, e aadowal iehipel Wackyleanitda-Ors1e0l Wy et hane
diol can bhe Q§§sggt in.the conductivggﬁgkal-selectlv% and

c : :

St 7 V& pol TS AG “ConpoSi £P6HE *Plefar &6 I8 thgaents

tant al um s&fe _
pol yackyl| arfede - or mpokyur pelraneudiaall vi £epresentiitraties, coriduedtdsye

o ol St AT seL e, oRlLITg OSSR

pol yur et hah@JdreF) i s cpresendsi iithe ceahduciliore  mbyalr o3y ls elsedtfiond cand

tantal um S@h@?bEVﬁthgh%Biil&g geoIRRsi Wiians ¢ in a carGent ald 9,19f about

0.05-1.5 “%a¥£o§y91b abggéland salts (such as tartaric acid and

15 tartrates, malic acid and malates, malonic acid and
malonates, gluconic acid and gluconates, citric acid and
citrates, phthalic acid and phthalates, pyrocatecol,
pyrogallol, gallic acid and gallates, and tannic acid and
tannates), amine-containing compounds (such as primary,

20 secondary, tertiary, and quaternary amines and amino
acids), peroxides, periodic acid and salts, perbromic
acid and salts, perchloric acid and salts, perboric acid
and salts, iodic acid and salts, permaganates, potassium
ferricyanide, chlorates, percarbonates, bromates,

25 chromates, cerium compounds, and mixtures thereof).

Any suitable carrier (e.g., solvent) can be used in
the conductive metal-selective and tantalum-selective
polishing compositions. A carrier is used to facilitate
the application of the metal oxide abrasive (if not fixed

30 or otherwise present on the polishing pad), persulfate
compound, passivation film-forming agent for the
conductive metal, and other components onto the surface of
a suitable substrate. A preferred carrier is water.

The conductive metal-selective and tantalum-selective

35 polishing compositions typically also will remove base
material (i.e., material other than the tantalum and

conductive metal) of the substrate when used to



w.% Most preferably, the polyacrylam de or pol yurethane diol is present
in the conductive netal - selective and tantal um sel ective polishing

conposi t in a concentration of about 0.1-0.5 wt. % ctive
met al - se#gzbﬁll"??% and tantal um selective polishing corrposi]t’&gﬁg&%g ional l'y

can further WO 01/41973 PCT/ USO0/ 425221211 conpri se one or nore other

additives. Such additives include surfactants (e.g., cationic surfactants,
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acids, tidesxddes] fmkiphosMionaudbstorpeuidse, mpideubflepsneeadly

potassi um phosahiate)y; and pal i shiing Aeeelieralal $,5uab,as  patalysts,
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ferric? ni €PRRAEE’ 1 5uINeh¥s, Selrdbiides JAhHamFAGTIsedEicdése chlori des,

brom des, gagishOeh desnpoHATRMNEHAIMJ gar Rexyisatiey hydeexyl , sul fonic,

and/ or pho(ﬁgh.onl C )?rouegs, di-, ftri-, multj-, %nd .pol y-&%ar boxyl jc acids and
salts (sucheasr ¥y 4% a&l%tﬁﬁ%%ptré?’ﬁdﬁ &s depared SUP§tanicnarates,

nmal oni ¢ achatanthl nedronatles;atgl Ugenitt cadiat 1andeglatdorateschei tric aci d and

citrates, phthalic acid and phthalanes, yiocat ecol.. Pyrooatlol, gallic

acid and gall ates, an anni € .aCI. an tanna es), am ne-contal ni ng
conpourids ¢Eutthe agH pri vy, pP0l Heigen dampo stidriongr wndded ghat epnarylam nes
and am no o Aci fs) coRELAX Alofer RAF 110 GuAd AN SALasiber bromhe acid and
salts, perchloric acid and salts, perboric aci and salts, iodic acid and
sal ts, perﬁ%béﬁ%&%%,C?WRQﬁ%ﬁ%ﬂﬁsf%ﬁqiRﬁﬁﬁﬁnﬁ?1QJma@F§ﬁ§sprébééﬁbéﬁ%tes,
br_omaLles, aésgf%&r@i@ur&&flb&@c&@%ﬂ%ﬂ, x@g@v@uxtxﬁrt@%.thereof)- Any

1 er . ven n n

sultable carr eThéepglisggngecéApggitggnuggn Ee provided in a

15 single package, with the metal oxide abrasive being in
the package or fixed on the polishing pad, or in two or
more packages. It is preferred that each of the
conductive metal-selective and tantalum-selective
polishing compositions of the present invention is

20 supplied in at least a two package system, where the
first package comprises the metal oxide abrasive and the
second package comprises the persulfate compound. The
remaining components can be placed in either the first
container, the second container, or in a third container.

25 Prior to the polishing process, the various packages are
combined to form the conductive metal-selective polishing
composition and/or tantalum-selective polishing
composition.

The following examples further illustrate the present

30 invention but, of course, should not be construed as in

any way limiting its scope.

EXAMPLE 1
This example illustrates the adjustment of the
35 concentration of the passivation film-forming agent for
the conductive metal in the method of the present

invention to render the conductive metal-selective



t he conductive netal -sel ective and tantal um sel ective polishing
conpositions. A carrier is used to facilitate the application of the netal
oxi de a if not fixed 30 or otherw se present on t i ng pad),
persul fate (hé%ﬁ%ound passivation filmform ng agent for Pﬁng@@%%g%ctrve
nmetal, and other conmponents onto the suBface of a suitable substrate. A
preferred carrier is water. The conductive netal -sel ective and
tantalun}spbbtehyEg 3bmpokishbngaceapesiiinopslkypical bylaksansi | | renove
base nate%%@ﬁ material other than the tantalum and conductive
nmetal ) of subs%rate when used to WD 01/41973 PCT/ USO0/ 42522 12
cheni cal | y- mechahincdbryspbetshtassabsteateloonprbppryg, tadt aidmcand a
conduct i ves 1Bk ahe Of,08E 5@@@sheat@£yﬁ1§§v desetbbed nepelan e substrate
base material generally be si .e., I oxi de or Si02).
The 5 condaetPvel hepas- §@W@E%F@€9aﬁdwﬁaﬁtﬁP@ﬁﬁséﬂéé?ﬁvel pél-#shi ng

Conp03|tlOﬂﬁm@ﬂdﬁ@rpéh@x?@hbﬁmfﬁgePr@C@§Swtd%SbBQPEEr§E§m§@bUS%%@ to
provide a desired substrate base ga%erla r eno rat partlcularly

relative t 6*the"dconaactrvat hebgl © ePéﬁF§FﬁﬁP nﬂ@gﬁ r dte&-  TRe ®Cont r ol
10 of the pH.®f ©hespwetishi ng3conpositbons aﬁdkorahheocmotmel°)of t he

concentrat%%gegintggcﬂegflBﬁéi 81?bﬁ§§éggoh OSIESPBO hsglng %on@ogrtlons

are prefera MANAErs o af ni ng 're 'St 6°basePratéri’al
renmovall r ates. sThet peteshivagecenposttedntcan belpebuindedrrneaslbnsingl e

package, erPrgaepnegeh @AbgﬁlearﬁgtgelQ@gmgegachtEﬁagaeﬁgge %3 fhxed on

t he polishing pad, in two or nore packa erre at each
of the coRdle PV%enéPEP Q€| écPrie [4AdSt BRR buﬁ}§éFéé?FvéPeﬁéll§ﬁlng

conposi ti ops of fbﬁ paggeat pi Avent kpaecks (20) supphbedrph . at aheast paot Wo

package sysiem wngte, Uhe, FList, package comrises Lhe fetal” ox de abrasi ve

15 Following the use of the polishing compositions, the
removal rates (RR) of copper, tantalum, and silicon
dioxide were determined for each composition, and the
ratio of the copper removal rate to the tantalum removal
rate (i.e., Cu:Ta RR) was calculated, with the resulting

20 data set forth in Table 1.

Table 1:
Composition Concentration Cu RR Ta RR Cu:Ta Si0, RR
of BTA (wt.$%) (A/min) (A/min) RR (A/min)
1A 0.65 202 1010 0.20 44
1B 0.45 181 920 0.12 35
1C 0.30 2592 860 3.01 94
1D 0.20 3407 920 3.70 35
1E 0.10 5465 860 6.35 94

As is apparent from the data set forth in Table 1,
25 the ratio of the copper removal rate to the tantalum
removal rate exhibited by the polishing compositions with
0.10-0.30 wt.% BTA (Compositions 1C-1E) was significantly
higher than the ratio of copper removal rate to tantalum
removal rate exhibited by the polishing compositions with
300 0.45-0.65 wt.% BTA (Compositions 1A and 1B). In other



second package conprises the persul fate conmpound. The renaining conponents
can be placed in either the first container, the second container, or in a
third container. 25 Prior to the polishing process, the various packages
are conO@E#IPB formthe conductive netal-sel ective pol i ERTAFV/ESKposi ti on
and/ or tantal um sel ective polishing cagnposition. The follow ng exanpl es
further illustrate the present 30 invention but, of course, should not be

construed it I%igﬁ,{\g
illustrat eg%t h% agﬁés\tﬁrr%ﬁ]teag‘etdt %Asg%conceni ration E}I%t%e paSS| %lfon
filmfornm B§TRYERt ek Madee téendedtlisfe neetimR s tthieomet o Bfmt he present

invention kelkcendet the itee d&i&ﬁ@éfé‘éﬂl\/@e Q0 42973
PCT/ US00/ 42522 13 Rq lLis conposition a tantal un sel ective polishing

conposi t i of P§ERTIEAR §l¥b§‘tf& O S0t RO SRt A V3 L orR E i oxi de
were pot i shree swi Trlésfull\t@ dichicersanta teoldisd nthd oS Itednse e Onpri sing 6

. % fumed _gi |I% e 1wty %, ammoni uSm ero>§yd|s lfatzdoﬁqi}éegcﬁvgeljz%ﬁiﬁg(i e

poI yacryl am (]1’e varying concent i'ofts "Bt Hen

0.65 wt. %<:o@1p4>51\mtldiib O(anB@)a/vtcdmtr@lel@adNtb}P/ockambﬁlgl&hm wher ei n each
of the poli-3hi-ngGOTNRS Hongd quﬁ %?

subj ect ed tcg)gpgls hi ng proces os%lg)_611 ornraflrQn ten Ap%lt dé,}%raterlals)

such t hat ﬁﬁ@r@%cél"@omlceu( be 610129575@9[ IBDHHDQ@éleOTa carrier speed
(CS) 0§ 97 rpm and a platen speed (PS) of 103 rpm An [Cl000 (Rodel)
pol i shing pad was used for each substrate. 15 Follow ng the use of the

pol i shing conpositions, the r emov aF AT RE %RR) of copper, tantalum and
silicon dioxi dehier exdetdrariindd sfoara teac  reobDRiddnemt ad die pH in

the method of the present invention to render the
conductive metal-selective polishing composition a
15 tantalum-selective polishing composition.

Similar substrates of tantalum, copper, and silicon
dioxide were polished with four different polishing
compositions comprising 6 wt.% fumed silica, 1 wt.%
ammonium peroxydisulfate, 0.1 wt.% benzotriazole, and

20 0.25 wt.% polyacrylamide, with varying pH values (i.e.,
6.4, 7.0, 7.2, and 8.0). The substrates were subjected
to a polishing process on a Mirra® platen (Applied
Materials), such that there was a downforce (DF) of 2 psi
[13.8 kPal], a carrier speed (CS) of 97 rpm, and a platen

25 speed (PS) of 103 rpm. An IC1000 (Rodel) polishing pad
was used for each substrate. Following the use of the
polishing compositions, the removal rates (RR) of copper,
tantalum, and silicon dioxide were determined for each
composition, and the ratio of the copper removal rate to

30 the tantalum removal rate (i.e., Cu:Ta RR) was

calculated, with the resulting data set forth in Table 2.



ratio of the copper renoval rate to the tantalumrenoval rate (i.e., Cu:Ta
RR) was calculated, with the resulting 20 data set forth in Table 1. Table

1: Conpo ncentration Cu RR Ta RR Cu:Ta Si2 RR o 9

(A i n) ?"')Em?ﬁ RR (A/nin) |AO0.65 202 1010 0.20 44 113%%@0@%&9@20 0. 12
35 1C 0.30 2592 860 3.01 94 1D 0.20 3407 920 3.70 35 |E 0.10 5465 860
6.35 94 As is apparent fromthe data set forth in Table 1, 25 the ratio of
t he copperTéBmeval rate to the tantal um reanaI rate exhi bited by the

pol i shingfc osltlohs wiih 10.10-0.30 wi. % B éCD gitions 1C—1E) was
significa1f? Shitiel tHh tHe FafFo pf ‘CoBper| F ﬁﬁng rafe’%t Bt ant al um
renoval rate exhibitgd by the pdivishi ng(Adempos)i ti ons wijt h (BGhiB) 45-0. 65 W . %

BTA (Co t A a L h 1/ 4197 CTIUS 2522 14
wor dg1 {Tﬁzs: nlhr ased %nnh B§g3i Er V\Q§8| hilt e h’fnn ;‘%rmual and nmade
0S

BTA-concent+ati-ohs—ihahi-bited—copper 1oV
t he polishing ZBnpos| ti @3n0t ant ab&6f®s sel eéBiBve asEbﬁhbsed td03
copper-sel ecti £, mﬁthogt SUbSH%Q;Ia 'y g@fecthgz} SI|H%HD dijoxi de
renoval rate—5—Fhes resu’to derenst ate Fhat—the—coendueti-ve—rretal -

sel ectiveland 2nt al um 8ePect|i veldfat ure 683t hel pdl.i2hi n &&Posijti on can
be controlled by changing the concentration of the passivation
filmformng agent for the conductive netal in the polishi conmposi tion.
10 EXAMPLE 2 ThR§ égagpPererftustrat éet Wetadjsest mamthofin %tguﬁr t he

met hod of the presentri RWENLEPRLO reakder thee aeNduet ing JEha - sel ective

ol i shi ng conposition a
P 5g eggval rate exhibited by the polishing compositions with

pH values of 6.4-7.0 (Compositions 2A and 2B) was
significantly higher than the ratic of the copper removal
rate to tantalum removal rate exhibited by the polishing
compositions with pH values of 7.2-8.0 (Compositions 2C

10 and 2D). In other words, the increased pH inhibited
copper removal and made the polishing composition
tantalum-selective as opposed to copper-selective, and
also significantly increased the silicon dioxide removal
rate. These results demonstrate that the conductive

15 metal-selective and tantalum-selective nature of the
polishing composition, as well as the effect on the
substrate base material, can be controlled by changing

the pH of the polishing composition.

20 EXAMPLE 3
This example illustrates the adjustment of polishing

aggressiveness in the method of the present invention to
render the conductive metal-selective polishing
composition a tantalum-selective polishing composition.

25 Similar substrates of tantalum, copper, and silicon
dioxide are polished with the same polishing composition
comprising 6 wt.% fumed silica, 1 wt.% ammonium
peroxydisulfate, 0.1 wt.% benzotriazole, and 0.25 wt.%
polyacrylamide, wherein the polishing composition has a

300 pH of 7.85. The substrates are subjected to different

polishing processes on a Mirra® platen (Applied



15 tantal um sel ective polishing conposition. Simlar substrates of

tantal um copper, and silicon dioxide were polished with four different
polishin itions conprising 6 wt. % funed silica, 1 ni um
per oxydi &9?12{12%30 1 wt.% benzotriazole, and 20 0.25 wm. % %F/a am de,
with varying pH values (i.e., 6.4, 7.06 7.2, and 8.0). The substrat es were
subjected to a polishing process on a Mrra(r) platen (Appl i ed

Mat eri al s) Masaechallbat, blyerne twasng doanfaeies k) | Zlﬁﬂckdﬁéhéhﬂ&%ﬂ a

carrier sp ( o] Lp d Iat ed 03.r.,pm An
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Cu: Ta RR) WagtaddMecupafedl liicoR chexdesulariengedaraised ffon lpadh Bl e 2. V\D
01/ 41973 P6f|HS@EE&Zﬁézcohaltiéﬂbe %ndCQmﬁoi%khanEHtHgJd@%ﬁ@% RR Cu: Ta RR
Si02 RR (Alm n%l m )6 (AL 4 5686 987 5.76 113 2B 7.0 5656 983
5 75 103  5EM9V31176E76°0 BE f@fta%B"B 6216336 J6 689 AT appar ent
fromthe daRa set chécthatedTablieh2 thet hestatiiagoliatthe seapgerruteneyal rate
to the tan&gbgglg removal rate exhibited by the polishing conpositions with
pH val ues 0 4-7.0 (Conpositions 2A and 2B) was significantly higher
than tHe ratio of the copper renoval rate to tantalumrenoval rate

exhi bi ted bypthespolishing conpositions with pH values of 7.2-8.0

(Conposi t rons—2C 10 —gnd—2D) I other—words;—therinereased—pHinhibite
Composition Polishing Cu RR Ta RR Cu:Ta Si0, RR
Aggressiveness (A/min) | (A/min) RR (A/min)
DF BP PS
(psi) (psi) (rpm)
[kPal [kPa]
3A 2.5 2 143 200 500 0.40 300
[17.2] | [13.8]
3B 4.5 4 43 250 600 0.42 300
[31.0] | [27.6]
3C 4.0 3 93 200 700 0.29 400
[27.6] [20.7]
3D 2.5 2 43 150 300 0.50 150
[17.21 [13.8]
3E 4.5 4 143 6500 900 7.22 350
[31.0] [27.6]

As is apparent from the data set forth in Table 3,

the ratio of the copper removal rate to the tantalum

15 removal rate exhibited by the polishing compositions is
significantly affected by the polishing aggressiveness
used in each polishing process. 1In particular, the
decreased polishing aggressiveness results in less copper
removal (Compositions 3A-3D) relative to tantalum removal

20 (Composition 3E) and makes the polishing composition
tantalum-selective as opposed to copper-selective,

without substantially affecting the silicon dioxide



copper renoval and made the polishing conposition tantalumselective as
opposed to copper-selective, and also significantly increased the silicon

di oxi de gﬂﬁ&@i rate. These results denpnstrate that theP&ﬁﬂgMﬁhkﬁe 15

nmetal -s 3and tantal um sel ective nature of the pol i
conpositlon, as well as the effect on tithe substrate base naterlal can be
controlled by changing the pH of the polishing conposition. 20 EXANPLE 3
Thi s exanpkemb{rhmsfaaéeSallhﬁoadhushmé@bl@%hﬂ@ﬂgi 3bigte s sAg@TRSS eness in the
met hod of ghe presen |nveﬂt on t g e conducti.ve netal -sel ective

[

St LY FoRFLS Vg O PENMNEG é&ﬁb&?ﬂtl . 25

pol i shing ~“conposition a Fams&
Sinmlar substeates. ofomansatmnn Gappeth spdpsislitcoms GiroRiddernar 8 pol i shed

Wi th the 5@H§s@°£é§ﬂi@9 88&89%&&59@ t%%%thé'%%PguWE g>oﬂg§%13"'ca 1 wt. %

ammoni um peroxydi sul fate, % benzotriazo %
pol yacry| affdec %ﬁ@répﬁ Fﬁ@taépmsﬁﬁﬁgc@éwﬁo§@$Uéﬁ pds the3@opHsHing. 85. The

substr at escangosubj 86t edst Qedilf for ent s%tslt%lalcagbarsgcefé%%sn%n a Mrra(r)
pl aten (Applied 01/ 41973 CT/USCD/ 522 16 _WMaterials) altering the
s 152 gt

downf orce {ERPY2 ﬁb?esgﬁpe ©(BPJLr] | R¥er8pEedI( PSP 1eE&i060
(Rodel ) pobitshéag 1padlv$ngsedefpbleahhn@ub&mpab&tlE@JIomnng t he use of the
pol i shing conposition, the renoval rates (RR) of copper, 5 tantalum and
silicon dioxide are deternmi ned for each set of polishing conditions, and
the ratd o of the copper renoval rd@&*MRLEHe tantalumrenoval rate (i.e.,

Cu: T 3RR%DIS C@%gglé%sﬁplﬁn&ml%ggrgﬁéglkhag @ﬁga§%g§eé% LR JFable 3. 10
abt e npgflokgge gb;gsagg in the polishing composition does

not significantly affect the ratio of the conductive
metal removal rate to the tantalum removal rate exhibited
15 by the polishing composition.

Similar substrates of tantalum, copper, and silicon
dioxide were polished with four different polishing
compositions comprising 1 wt.% ammonium peroxydisulfate,
0.2 wt.% benzotriazole, 0.25 wt.% polyacrylamide, and

20 varying concentrations of fumed silica (i.e., 15 wt.%, 12
wt.%, 6 wt.%, and 3 wt.%), wherein each of the polishing
compositions had a pH of 7. The substrates were
subjected to a polishing process on an IPEC 472 platen,
such that there was a downforce (DF) of 3 psi [20.7 kPa]l,

25 a carrier speed (CS) of 93 rpm, and a platen speed (PS)
of 87 rpm. An IC1000 (Rodel) polishing pad was used for
each substrate. Following the use of the polishing
compositions, the removal rates (RR) of copper, tantalum,
and silicon dioxide were determined for each composition,

30 and the ratio of the copper removal rate to the tantalum
removal rate (i.e., Cu:Ta RR) was calculated, with the

resulting data set forth in Table 4.



Aggressiveness (AAmn) (AAmn) RR (A mn) DF BP PS (psi) (psi) (rpn)

[kPa] [kPa] 3A 2.5 2 143 200 500 0.40 300 [17.2] [13.8] 3B 4.5 4 43 250
600 0.4 1.0] [27.6] 3C 4.0 3 93 200 700 0.29 400 0.7] 3D
2.5 2 4%‘”%’56’%{78 0.50 150 [17.2] [13.8] 3E 4.5 4 143 6505&%6@42 350
[31.0] [27.6] As is apparent fromthe data set forth in Table 3, the ratio
of the copper renoval rate to the tantalum 15 renoval rate exhibited by

t he polishraygleompositions is significantly affected by the polishing
aggr essi veness "useq in each polfi shi ng_prgcess. particular,_ the
decr eased FOPPEHNIRG aggr 8657 veness Tes5BItg | ﬁalﬁ%s Copper? rengvar®
(Conposi tjions 3A-3D)| realatiive tqg taitmahum rem)maﬂa 20 (@H’rpOSI'[IA(DIﬁtLIBE and
makes t he polTshing|conposition| tantalumiselective ﬁf sed to
copper - se e vithout® substlantidPly dffedfing hn 5 n—dloxide WO
01/ 41973 PCT/ U800/ 43522 1¥ renmpval usate, althemgh heopmllshlnga
aggr essi veness, can |be used to soneqﬂ t contr%I t he| si igpn d|o§6§e i enoval
rate (cf. -Conpositign—3b-wth—Conpoesttioens—3A 3C ang—3 }—FHhrese—Fesults
denonstrate that thgq conduactive |netals35 sel ective anpd veast al um sed ecti ve
nature of the polishing conposition, as well as the substrate base
material renoval rate, can be controlled by changing t he polishing
process invol vihg theappdireninfrevnpbsi €pba. set forth in Table 4,

the ratio of the copper removal rate to the tantalum

v

5 removal rate exhibited by the polishing composition with
3 wt.% fumed silica (Composition 4D) was not
significantly different from the ratioc of the copper
removal rate to the tantalum removal rate exhibited by
the polishing compositions with 6-12 wt.% fumed silica

10 (Compogitions 4B and 4C), while the Cu:Ta removal rate
ratio was slightly lower for the polishing composition
with 15 wt.% fumed silica (Composition 4A). These
results demonstrate that the concentration of metal oxide
abrasive in the polishing composition does not

15 significantly affect the selectivity of the composition
for removing conductive metals versus tantalum. As
demonstrated by these results, however, the metal oxide
abrasive concentration does significantly affect the
gsilicon dioxide removal rate, which allows for the

20 present inventive method to be fine-tuned with respect to
conductive metal, tantalum, and substrate base material

removal rates.

All of the references cited herein, including
25 patents, patent applications, and publications, are hereby
incorporated in their entireties by reference.

While this invention has been described with an
emphasis upon preferred embodiments, it will be obvious to
those of ordinary skill in the art that wvariations of the

30 preferred embodiments may be used and that it is intended

that the invention may be practiced otherwise than as



10 EXAMPLE 4 This exanple illustrates that the concentration of netal

oxi de abrasive in the polishing conposition does not significantly affect
the ratiQ o conductive netal renoval rate to the ta val
rate exh&ﬁ)l ({l/e“&&% by the polishing conposition. Simlar sgég}tuggq/‘{e%{%f

tantal um copper, and silicon dioxideisere polished with four different
polishing conpositions conprising 1 wt.% anmoni um peroxydi sulfate, 0.2

Wt . % benzokpeaiol €al Oy 28e ¥t Ybdd@| NaeE yh am gesomdich26, vathidng concentrati ons
of fumed silica, (i.e. S5.w.%._12 .%. 6 WM.% and 3 . 99.,, wherein each
of the pol ISHERG CRoMMELTeFSNE. hatPalbhedr ot ieinaadh aears

subj ect ed tbeasporishang prcopesst ophanihREQC YRR g8 atediinedsugh thieat t here
was a dovvn%gFggwg )ci)%iﬁ psi [20.7 kPa], 25 a carrier speed (CS) of 93
rpm and a platen Spee E’S) of 87 rpm An I Cl000 (Rodel) polishing pad
was used for each substrate. Follow ng the use of the polishing
conpositions, the renoval rates (RR) of copper, tantalum and silicon

di oxi de were determ ned for each conposition, 30 and the ratio of the
copper renmoval rate to the tantalum renoval rate (i.e., Cu:Ta RR) was
calculated, with the resulting data set forth in Table 4. WO 01/41973

PCT/ USO0/ 42522 18 Table 4: Conposition W.% Cu RR Ta RR Cu: Ta SiZ RR
Abrasive (Almn) (AAmn) RR (A/mn) 4A 15 133 760 0.18 519 4B 12 187 763
0.24 484 4C 6 145 602 0.24 208 4D 3 153 610 0.25 106 As is apparent from
the data set forth in Table 4, +the ratio of the copper renoval rate to the
tant al um



5 renoval rate exhibited by the polishing conmposition with 3 wt.% funed
silica (Conposition 4D) was not significantly different fromthe ratio of
t he copp r val rate to the tantalumrenoval rate exhihi t he
pol i shi é’%"&#%%’@i tions with 6-12 wt. % funed silica 10 (Co?rgy&% |/$0}§252 4B and
4C), while the Cu:Ta renoval rate ratk6 was slightly lower for the
polishing conposition with 15 w. % funed silica (Conposition 4A). These
results demaBtIat@ATMEDthe: concentration of netal oxide abrasive in the
pol i shing conposition does not 15 significantly affect the selectivity of
the conposition for renoving conductive netals versus tantalum As
denonstrat ed bylthesk nesupdsof hoheweralliempaehahiorildy pabrssivg a
concentratd dees. sighbfi I SEkKI L, axi enoval rate,
o oh 8l | oo he S b Soaht LAt Ive mefhod e b P heTfined w th
respect tPtRIARIT Ver e BT t WREHE UM tRAJTSHBSEr §PBPBASESHat er i al

renmoval rates. Al of the references cited herein, including 25 patents,
pat ent applications d. publications, are hereb incorporated in their
entireties by ré?%r%ﬁ@gylﬁﬁiT% t ?SSPR§EH?F8nahSéHGEEElH@s@FFB d with an
enphasi s upon psefertede epbbishengscomponttloheanbveomethd okhdse of

ordi nary skilld£$ﬂ£$§v$rt that variations of the 30 preferred enbodi nents
may be used an at 1t'is intended that the invention may be practiced
ot her Wilse than as WO 01/ 41973 PCT/ US00/ 42522 19 specifically described

her ei n. AccordiUS’YSeI@&@ivéﬂyeﬁé%QOihgchdgéaékl%SPQEEggﬁt-

Lengpenconpassed
within the spirit_and scope of the invention as ined by the follow ng

clai ms. WO 01/ 4973 Py 99032529 coprared to the tantalum from

the substrate,

15 (c) applying to the substrate (i) a tantalum-
selective polishing composition comprising a
persulfate compound and a passivation film-forming
agent for the conductive metal and (ii) a metal

oxide abrasive, and

20
(d) selectively removing at least a portion of the
tantalum as compared to the conductive metal from
the substrate.

25 2. The method of claim 1, wherein the tantalum is

in the form of tantalum metal or tantalum nitride.

3. The method of claim 1 or 2, wherein the
conductive metal is selected from the group consisting of
30 copper, aluminum, aluminum silicon, titanium, titanium
nitride, tungsten, tungsten nitride, gold, platinum,

iridium, ruthenium, and alloys and combinations thereof.

4, The method of claim 3, wherein the conductive

35 metal is copper.



WHAT IS CLAIMED 1S: 1. A method of chem cally-nmechanically polishing a
substrate conprising tantalum and a conductive netal 5 other than tantal um

wher ei nsg{bg(gzgﬁéﬁod conprises: (a) applying to the subst ra&,ggﬁlsﬁm}g%ti ve

nmet al - pol i shing conposition and a nmetal oxide rasitve, 10 (b)
selectively renmoving at |east a portianlof the conductive netal as
conpared to the tantalumfrom the substrate, 15 (c) applying to the
substrate (i) & tantEhaeimetseb@cdt Venpodbf sblHUmE0nposi WhenecaMphEsSi Ng a

per sul f at ompound. an assi yvat i fil or m agent for the conductive
nmetal and elc%ejni)aoxrrle(%eglgmg% de” abt a%%%?t%%EE m(gﬁeng%Pi vel y renoving at
| east a poreisrstoing el akhmzam sisl isconpdrigdntie t terdendudtricoaimet al from

the substratlgn, 25 2.8 J18t hgy dofco%qhg\ééonghg%l%&,gokhe tantalumis in the

formof tantalumnetal” or tantalumnitri e nethod of claim1 or 2,
wherei A the conductive netal is selected fromthe group consisting of 30

copper, alum num altwe R isddi 60Nc1dihani UphetdiANEHE ALELT dBxiGHNgSTt en,
tungsten nitride, gold,.platinum iridium ruthenium and alloys and

conbi nat i GHE 3%efeotS S¥W1%he nethod of claim3, wherein the conductive 35
metal is copper. WO 01/41973 PCT/ US00/ 42522 21 5. The nethod of any of

claims 1-4, wherein ife JEiah 0xi de. gbrasive s sel ected fromthe oroup
consi st ng of al um na, Sillca, Itania, ceri a, zZirconi a,
10 abrasive is fumed silica.

8. The method of any of claims 1-7, wherein the

metal oxide abrasive is in the polishing composition.

15 9. The method of claim 8, wherein the metal oxide
abrasive is present in the tantalum-selective polishing

composition in a concentration of about 2-30 wt.%.

10. The method of any of claims 1-7, wherein the

20 metal oxide abrasive is fixed on a polishing pad.

11. The method of any of claims 1-10, wherein the
persulfate compound is selected from the group consisting
of peroxymonosulfate acid, peroxydisulfate acid, and

25 salts thereof.

12. The method of claim 11, wherein the persulfate

compound is ammonium peroxydisulfate.

30 13. The method of any of claims 1-12, wherein the
persulfate compound is present in the tantalum-selective
polishing composition in a concentration of about 0.1-5

wt.%.

35 14. The method of any of claims 1-13, wherein the
passivation film-forming agent is a heterocyclic organic

compound.



germani a, nmagnesia, and conbinations thereof. 5 6. The method of claimb5,
wherein the netal oxide abrasive is silica. 7. The nethod of claim6®6,

wherein e | oxide 10 abrasive is funed silica. 8. of any
NI BeERRLARR,

of clai rein the netal oxide abrasive is in the po

conposition. 15 9. The nethod of claim®8, wherein the netal oxide abrasive
is present in the tantalumselective polishing conpositionin a
concentration of about 2-30 wt.% 10. The method of any of clainms 1-7,
wherein the 2Q et oXi abrasive is fjxed on a palishing. pad. 11. The
met hod of any of cl ZI!hneB i ,dbv%atzrce]i%“?h]e ' p& %ﬁ?’f%tlgh%o?r%%%h\éa?%oréel ect ed
fromthe dridup fcomsirst iagentofiper dhermonosut ¥ at ecnganli c pevopydndul f at e aci d,
and 25 salt.s i hereqQf ol The )( 'grt)_ };_!].:L el he_. p ul fate
conpound i 5 amoni un%sp.efo&eyﬁsﬁ ;%?gné}%%é’%%ﬁ e ?%?ﬁ%d££'?éa%§’/ TZe}{lécl ai s

1- 12, Bhersdtd iehd Wsdrisi g ater @amp oUiri s 1 prles dpet ¢roehel € ant @ um sel ecti ve

pol i shi ng CoIMOAsId iaN ldhd ceaeratdan pfompbout 0.1-5 w.o . 35 14.
The net hod of any of clains 1-13, wherein the passivation filmform ng

agent is a heterocyclic organic conpound. WO 01/41973 PCT/ US00/ 42522 22
15. The net hod 1&f. clEiandebhahes®idl 41 pRsSsivate On tihé | padorvangoragent is
a heterocyglijic .organi ¢ compound _ vﬁécni ag %eéist one_ 5- or_6- menti::)errl

het er ocycl@ 11 ng as TheF active FunctTonal r&r%u%,gﬁﬂé? ef AT he" Hiet erocycl e
ring leéontd reratotmastolone itaoyglen atomimidazole, and mixtures

thereof.

17. The method of claim 16, wherein the passivation
film-forming agent is benzotriazole.
15
18. The method of any of claims 1-17, wherein the
passivation film-forming agent is present in the
tantalum-selective polishing composition in a
concentration of about 0.001-1 wt.%.
20
19. The method of any of claims 1-18, wherein the
tantalum-selective polishing composition further

comprises polyacrylamide or polyurethane diol.

25 20. The method of any of claimg 1-19, wherein the

substrate base material is silicon dioxide.

21. A method of chemically-mechanically polishing a
substrate comprising tantalum and a conductive metal

30 other than tantalum, wherein the method comprises:

(a) applying to the substrate (i) a conductive
metal-selective polishing composition comprising a
persulfate compound and optionally a passivation

35 film-forming agent for the conductive metal, wherein
the conductive metal-selective polishing composition

has a certain pH, and (ii) a metal oxide abrasive,



16. The nmethod of claim 15, wherein the passivation filmformng agent is
sel ected fromthe group consisting 10 of benzotriazole, triazole,

benzi m dgg&iﬁmﬁnd m xtures thereof. 17. The net hod of ckg&mf&@nggerei n

the passivation™ filmformng agent is benzotriazole. 15 hod of
any of clainms 1-17, wherein the passi®ation filmformng agent is present
in the tantalumselective polishing conposition in a concentration of
about 0.001-1 wt.% 20 19. The method of any of clains 1-18, wherein the

tant al um sel ect jve i shing conposition_furthe co i.ses pol yacryl am de
or pol yuret hanet%)i o%&ezcgtjzﬁgh?hre et hiod %% ;ﬁ?sgfacpgg OF. ?8, 1Zéﬁer ein the
substrate base sen@&edalve snetdl con dioraded 2¢. tAenethodlofn from

chem cal | y- mechani cs'a\_llkgé(tlpé)g%]shi ng a substrate conprising tantalum and a

conductive metal 30 other than tantalum wherein the method conprises: (a)
appl yi Rg to the substrate (i) a conductive netal-selective polishing

conposi tion conp#) sddpust i @er S f abgacerpPosngd-and-opt bepal,ky a passivation
35 filmformn ent. for the conductive netal, wherein the conductive
met al - sel ect i vgp‘?fg)r?qg)rﬁ%gc%m%%ﬂ?%nor h&l€ aPebi PATRIpRrOGRAS(EP) a net al
oxi de abr asi ve, raMA& / O 7SoRGEI¢ HIS00/ d@b22- s@BeEb) veepetti kMehy renovi ng at
| east a portion e . conductive netal,as conpared o the tantalumfrom
the substrate, %%Q%%}%gt%jn%é% & esngtt ?%"%P%ﬁ%@ﬁ%%u ve polishing
conpositi on or ¢PreEpdlisbingapiocess to

(d) selectively removing at least a portion of the
tantalum as compared to the conductive metal from
the substrate.

15
22. The method of claim 21, wherein the tantalum is

in the form of tantalum metal or tantalum nitride.

23. The method of any of claims 21 or 22, wherein
20 the conductive metal is selected from the group
consisting of copper, aluminum, aluminum silicon,
titanium, titanium nitride, tungsten, tungsten nitride,
gold, platinum, iridium, ruthenium, and alloys and

combinations thereof.

25
24. The method of claim 23, wherein the conductive
metal is copper.
25. The method of any of claims 21-24, wherein step
30 (c) comprises increasing the pH of the polishing

composition.

26. The method of any of claims 21-25, wherein step
(c) comprises increasing the concentration of the
35 passivation film-forming agent in the polishing

composition.



render the conductive netal -selective polishing conposition a
tantal um sel ective polishing 10 conposition, and (d) selectively renoving
at least a portion of the tantalumas conpared to the conductive netal
from th&Q@uHP3ate. 15 22. The nethod of claim 21, wher ePETIURI/ERA2 al um i s
inthe formof tantalumnetal or tantalymmnitride. 23. The nethod of any of
claims 21 or 22, wherein 20 the conductive netal is selected fromthe

group consisti of pper | upi num _al um num si | i con titan
titaniumnitri e,'tdﬁ%%té%ﬁh?%ﬁﬁgl%n n??r?g%fmsggkdégplg??ﬁﬁﬁ? Fggéium
r ut heni um (@ndcampoise andeccordimat pohsshheyg eafgress24enghe bgt hod of cl ai m

23, wher eidLdhe, condUCtd Ve o JBLAL |8 EOPRSLL 2Re %98. gﬁahggbggrépx of
clainms 21-24, wherein ste 30 (c) conprises i1ncreasing the pH or the
pol i shi ng 2%DripsiaFiord . 2BeCaerRs Hed holde ofarhiebf seeadnsf 28he5, wherein step

(c) conprisgsstnet€ashiindg heosonceNt dati88s ohgt PBe 351 §ASSI ¥BELANCE
filmform %%ngjln'the gollshln conposition, 01/ 41973

PCT/ US00/ 4 BINGEOHeRRod OF ARy oP TRt BRhECR1E58 e Rherein step  (c)

conpri ses decreasing polishing aggressiveness by decreasing the pressure

with which the pad apd. sybsiatee aie ceniacted odecreaging the garrier
g ct,

speed of the 5 substra?e diuring con decreasing the pFa?én Speed of
the pad durstRl comdetabmsing tonbethatten fhereohe @8oufhe net hod of any

of claipns dndilst Wer&F a1 hfina, silica, titania, ceria, zirconia,

germania, magnesia, and combinations thereof.

29. The method of claim 28, wherein the metal oxide
abrasive is silica.
15
30. The method of claim 29, wherein the metal oxide

abrasive is fumed silica.

31. The method of any of claims 21-30, wherein the

20 metal oxide abrasive is in the polishing composition.

32. The method of claim 31, wherein the metal oxide
abrasive is present in the conductive metal-selective and
tantalum-selective polishing compositions in a

25 concentration of about 2-30 wt.$%.

33. The method of any of claims 21-30, wherein the

metal oxide abrasive is fixed on a polishing pad.

30 34. The method of any of claims 21-33, wherein the
persulfate compound is selected from the group consisting
of peroxymonosulfate acid, peroxydisulfate acid, and

salts thereof.

35 35. The method of claim 34, wherein the persulfate

compound 1s ammonium peroxydisulfate.



nmetal oxide abrasive is selected fromthe group 10 consisting of alum na,
silica, titania, ceria, zirconia, germania, nmagnesia, and conbi nations

t hereof. 29. The nethod of claim 28, wherein the netal oxide abrasive is
silica. W9 ®B197Fhe nethod of claim 29, wherein the nmetal B&T/H&00/&BFasive is
fumed silica. 31. The nethod of any of,clainms 21-30, wherein the 20 netal
oxi de abrasive is in the polishing conposition. 32. The nethod of claim 31,
wherein the metal oxide ive is present.in onductive

net al - sel ect | vté%éndwq%ameﬁoﬁdrssoeﬁeea{c i vcgeﬁpco 76t nﬁgp%o%’po‘%i?{%ln% R a 25
concent r aPessud it agiso ForPBMAML P T eMhel et dcaidartyioé ndw@hs 21- 30,
wherein t t; i Ve d i - i shi : 34. The
met hod of E%r%ﬁ%gfﬁlcel %ﬁ%ﬁ%ﬁmﬁe%%%%ﬁég &}eﬁﬁ%t%ﬁ%ﬁgﬁﬁo ?s sel ected
from the ¢Fodp CESSISHaTd OO heRndhosut f'et €5 aci d, peroxydi sul fate aci d,
and swmlts thereof. 35 35. The nmethod of claim 34, wherein the persulfate
conmpound is a niu eroxydi sul f at e. 1/ 41973 PCT/ USQOQ 4252 25 36.
The nethod of rTgglr)(y o&*‘% &iery%‘of’i-osﬁfs,a%é’r i per¥u MR TOhpotnd i s
present i patskse veanduonc tiidenrfetraling elaott vies anchd et @d vt sel @egarvec pol i shing
conposi ti Qns, 051%0% concentration of about 0.1-5 w.% 5 37. The net hod of
any of clai -36, wherein the passivation filmformng agent is a

het erocyclic organic conpound. 10 38. The method of claim 37, wherein the

passiygtion filgm faid Rg@ERNA S0 NSt OGHed 4 & Prgani 6, conpound,
film-forming agent is a heterocyclic organic compound
with at least one 5- or 6-member heterocycle ring as the
active functional group, wherein the heterocycle ring

contains at least one nitrogen atom.

15
39. The method of claim 38, wherein the passivation
film-forming agent is selected from the group consisting
of benzotriazole, triazole, benzimidazole, and mixtures
thereof.
20
40. The method of claim 39, wherein the passivation

film-forming agent is benzotriazole.

41. The method of any of claims 21-40, wherein the
25 passivation film-forming agent is present in the
conductive metal-selective polishing composition in a

concentration of about 0.001-1 wt.$%.

42. The method of any of claims 21-41, wherein the
30 passivation film-forming agent is present in the
tantalum-selective polishing composgition in a

concentration of about 0.3-1 wt.%.

43. The method of any of claims 21-42, wherein the
35 conductive metal-selective and tantalum-selective
polishing compositions further comprise polyacrylamide or

polyurethane diol.



with at | east one 5- or 6-nenber heterocycle ring as the active functional
group, wherein the heterocycle ring contains at |east one nitrogen atom
15 39. The nethod of claim 38, wherein the passivation filmform ng agent
is sel echdsW01f44%th t he group consisting of benzotriazole, PETABOVESL2
benzi m dazol e, and m xtures thereof. ;20 40. The method of claim 39,
wherein the passivation filmformng agent is benzotriazole. 41. The

nmet hod of any of clainms 21-40, wherein the 25 passivation filmform ng
agent is present in the conductive netal-selective polishing conposition
in a concentrébi-onTok aieslod) oG0enY wit. Wlads Hie 4fet hdtewdiramhof cl ai ms
21-41, whereiR hHRe b%@ep%%§%%§tUOH of iglim dHH“dE%%%HE“ I's present in the
tant al um sel ective polishing conposition in concentration of about 0.3-1
w.% 43. The nethod of any of clains 21-42, mhereln the 35 conductive

nmet al -sel ective and tantal um sel ective polishing conposi tions further
conpri se pol yacryl am de or polyurethane diol. WO 01/41973 PCT/ US00/ 42522
26 45. The method of any of clainms 21-43, wherein the substrate base
material is silicon dioxide. 5



