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TECHNI CAL FI ELD OF THE I NVENTION The present invention relates to a nethod
of 10 pl awearoidiregs or polishing a surface conprising tantalPamusaeesaz
conductive netal, such as the surface of a sem conductor. BACKGROUND CF
THE I NVENTI ON 15 Integrated circuits are made up of mllions of active
devices formed in or on a silicon substrate. The active devices, which are
initially isolated fromone anaqther, are |nterconQ§cted to form functional

circuits and conponenﬁ?lNﬁﬂﬁ%ﬁﬂﬁ?ﬁﬁy%ﬁﬁy|39%}%%H% d%%ﬁﬁ?%rough 20 the use

of well-known nultilevel interconnections. |Interconnection structures
normal ly have a first |ayer of netallization, an interconnection |ayer, a
second |l evel of netallization, and sonetines a third and subsequent [ evel
of netallization. Interlevel 25 dielectrics, such as doped and undoped
silicon dioxide (SiO2), are used to electrically isolate the different

|l evel s of nmetallization in a silicon substrate or well. The electrical
connections between different interconnection |levels are made through the
use of 30 netallized vias. U S. Patent 4,789,648 describes a nethod for

preparing nmultiple nmetalliz er nd | ' in insulator
films. In a simlar mnn&@%@ﬁ ﬁ&ﬁq&t@nﬁ@ u@\i\gﬁ%ﬁ@ir m el ectri cal
connections bet vigten préﬁmm@nﬁm@émtﬂbmeweist@mdtdeaimeshédroﬁd ina 35
s AR oh Pl AR A0 L QL ACLE B, DR LELLECo L YL U IRl s, and

al | oys err 0 as con ive such as titanium
(Ti), tltama..mdv&)@qmmq@ﬂ@e RETE O uds 22s tthe surface of a

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
(8i03) , 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 wvias. 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

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



nitride (TIN), alum num copper (A -Cu), alumnumsilicon (A -Si), copper

(Cu), tungsten (W, noble netals (e.g., iridium(lr), ruthenium (Ru),

gol d

(Au), andwploawiran (Pt)), and conbi nations thereof. 5 Thecwaisal/4aseas and

contacts generally enploy an

"barrier filnl'), such as a titaniun1(Ti£, titaniumnitride (Ti N

tantalum (Ta), or tantalumnitride (TaN)

adhesion | ayer (hereinafter referred to as a

barrier film to adhere the netal
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as a Tg|@neysenu§oa§ppt@§ manufacturing process,
metallized vias or contacts are formed by a blanket metal

deposition followed by a chemical-mechanical polish (CMP)
step. 1In 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
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.
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
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
to the pad during polishing. The slurry initiates the
polishing procesgs by chemically reacting with the

substrate being polished, and the abrasive acts to



35 to the pad during polishing. The slurry initiates the polishing process
by chemcally reacting with the substrate being polished, and the abrasive
acts to Woo010ew1973 PCT/ USOQ 42522 3 mechani cal |y pol i sieCrhssoeusst r at e.
Wil e the abrasive typically is in the slurry, the abrasive also can be
fixed on the polishing pad. The polishing process is facilitated by the
rotational novenent of the pad 5 relativé to the substrate (i.e., plate
speed) and/or the novenent of the substrate relative to the pad (i
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upon the conpasit ne@Aneasuwehkll aset Besiebanmaakriatube ehet Bebgemparent
netals in the vias % .e., conductive netals) and the barrier films. 25
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Consequently,"a sin i'shing=co
ox1dlzlng agent the abra81ve, and other useful

additives, the polishing composition 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 composition, 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 sgilica or alumina, suspended in an
agueous 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.



30 be used effectively to polish both Ti/TiN barrier filns and Cu
conductive netals at simlar rates. Such polishing conpositions typically
cont ai n awoabwa®rye nmaterial, such as silica or alum na, PEm4sesndse i n an
aqueous nediumw th an oxidizing agent, a filmform ng 35 agent, and/or

ot her conponents. See, e.g., U S. Patents 5,726,099, 5,783,489, 5,858, 813,
and 5, 954,997. WO 01/ 041973 PCT/ USOQ 42522 4 Tantal um barrier fil ms,

however, are significantly different fromTi, TiN, and |ike barrier filns.
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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
procegss 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. Thesge 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 polisghing composition 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-



and advant ages of the present invention wll be apparent fromthe
description of the invention provided herein. BRI EF SUWARY OF THE

| NVENTI O\NWO3d/04t9e3 present i nvention provi des a nmethod of PCT/US00/42522
chem cal | y-nmechani cal ly polishing a substrate conprising tantalumand a
conductive netal, wherein the nethod conprises (a) applying to the
substrate a conductive nmetal-selective [polishing conposition and a netal
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tantal um certain pH, and (ii) a metal oxide abrasive, and (b)

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

ag 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.



as conpared to the conductive netal fromthe substrate. DESCRI PTION OF THE

PREFERRED EMBODI MENTS 25 The present invention provides a nethod for

chem cal Iwormeoi@an cal | y polishing a substrate conprising PCanisad/wseand a

conductive netal (other than tantalum). The nmethod conprises (a) applying

to the substrate a conductive netal -sel ective polishing conposition and a

30 netal oxide abrasive, (b) selectively®rempving at | east a portion of

t he: conductive netal as conpared to the tantalumfromthe substrate, (c)
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The term " corduaiuicte viehlteselsedldota ve gharnshtiact Remppidfgientdraltieenoval

of the conductive,netal relative t% t he tgntal glrré]efr%ma substrate, e.g., a
Jr e ©
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metal-selective polishing composition a tantalum-
gselective polishing compogition, 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 composition 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



Simlarly, the term"tantal umselective" refers to the 20 preferenti al
renoval of the tantalumrelative to the conductive nmetal froma substrate,
e.g., a cwoduosivvex netal:tantalumrenoval rate ratio of Pes@SHh®s2d. The
term"tantaluni refers to tantalumitself, as well as tantal um containing
conmpounds. Thus, the tantalumcan be 25 in the formof, for exanple,
tantalum metal or tantalum nitride. It /s desirable in some instances to
transformthe conductive netal -selective polishing conposition to a
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combination thereof.

15 Depending on the particular embodiment of the
present invention, the conductive metal-selective and
tantalum-selective polishing compositions can have some
componentg that are the same or can have all different
components. To the extent the conductive metal-selective

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
abragive 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



conbi nati on thereof. 15 Depending on the particul ar enbodi nent of the
present invention, the conductive netal-selective and tantalumselective
pol i shi ngvoempeirt i ons can have some conponents that arePChRa@Ss@ms2nr can
have all different conponents. To the extent the conductive
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met al - sel ect Fv&Sand Fakts §Q-1sHh1ing P

The persulfate 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 f£ilm-
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



sel ective polishing conpositions in a concentration of 10 about 2-10 wt.%
Alternatively, the netal oxide abrasive, in whole or in part, can be
present (WO@1/041973 xed) on the polishing pad. The persul f aPeTasnp®iazrl can be
any suitable persulfate conpound. Suitable persulfate conpounds 15
include, for exanple, peroxynmonosulfate acids, peroxydisulfate acids, and
salts thereof. Preferably, the persul f ate corrpound IS amnmoni um

peroxydi sul fate. Any suitabl e amount of the persul fate conpound can be
used in the echtizet fohcthengdleganupi nvdsriesn. thise he2grpeyedief a@gconpound

desirably is.ppLesent b@ ﬁ@%stcgﬂguﬁhki%g%%t%ko%?le@k&%ep%%@erably,
tantal um sel ective polishin npositions in a concentration qQf about

0.1-5 w.% t@egpasggg@gzlgnl%4 Wt‘f%rnpp@‘f éegbity £oih & hse cOR&EE Vec onpound
is present iRecthe GenduelicreiBRdleselaetboie armén&sma@tz@lwnw ective

ol i shing_co t [ trat f ut
Dol | SN N COMROSLLLORBAL S . CHASENLLALLEN, AL oholl 0 LSt e
sel ective anctfotrmmhgl amesi| Eotr \télep(o:lomsimcmgveonmsllt iendenizotaiecwdent rati on
of about 0.1-2 Mﬁ %%lEg%lgaﬁﬁf%%.'%& EE! a%r flﬁl%%$%El%OEoEQﬁ ?ifor

conductive netal e any suitable passivation orm ng agen
conducti ve n@g§rl§ fsm tdlsl eongassiivat imskafli 10BN Henibrg Segéntis t he

conducti ve n%bﬁbuclt@%qutaﬁ%e%%%% Jestienq |do%€@'sg%rl|o@1 cerpewrds. 35
Pr ef er abl the passivation filmf orm ng agent for, t conductive nmetal is
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gr oup, wher ei n the eter O%I)éy e ring. cont S%&ngg east ane nltrogen atom
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With respect to the conductive metal-selective

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 pasgssivation 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 compogition 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.%



metal is benzotriazole, triazole, benzimdazole, or a 5 m xture thereof.
Most preferably, the passivation film form ng agent for the conductive
nmetal is woemzosvrazol e. Any suitable anmobunt of the passi PaTiusno/42522
filmformng agent for the conductive nmetal can be present in the
conductive netal -sel ective polishing conposition and the 10

tant al um sel ective polishing conpositionlOThe presence of the passivation
filmformng agent is optional in the conductive netal-selective polishing
conposi ti on. Wt hThespestursiviemebaduseleetiweabodébbénpy eompokiishing

conposi ti on, dwg%_abh? passhval o Ll 8rsi ngprlo-agent, f @het he conductive
nmetal is present in the conductive netal -sel ective polishing conposition,

it desirabl fOPSUFFA¥ENIStR s SEIREEATVRAPPIA SBF NI EGIPESAGLCT DRE. & PE
Preferably, tlieapassi vati,oe §i.l, meboii ageagentbbok 4t-Be camductive netal is

precent 10, hepsanfcLLYC Istal 20 3¢l sel Lugopel LStina camme 1 1
preferably, pHeoﬁaabbm&tBenltiI@Kb@embbgyagehe_teptaﬁam—e@d¢a¢ﬂwe¢ nmetal is
pesent L BEpSORUUE XppRLeL oo Rhech, b Bl Lol ggscamon . on.ta
t ant al um sel écPi ¢& pdoushi/ng - cBlpodit Pén theheopasisitiaei aethill-m f or mi ng
agent for theejeerdyet ke iEBLEAL PLRLeEaR YN SaBr 88eal U tie thantalum
sel ective polishing composition_in a concentration of 30 abqut 0.1-1 wt.%
e.g., abblt ONS- FOFRCLIEMNBIEE 2 pRELECEBIY, PP SPassi FRITPOR O™ For mi ng
agent for th@an@@ﬂ@ﬂﬁ%h&%cﬁ&hé|pb&i@h@&gnboh@o%heib&nmah%nb&QLeCtive
poll S o comporLbhancin Asegnant aln.dl, shoul B0 St tosty
i's present iexehpletabbaksmeseheeatsi petpselsishi hydeorpdsi,t iromoinn ua
Concentrati0ﬂyggo§q8ga %o@i@n?cg&ﬁ%hate, and mixtures thereof, as
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-gelective 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 oxr
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 1n a concentration of about 0.1-0.5 wt.%.
The conductive metal-selective and tantalum-

selective polishing compositions optionally can further



WO 01/ 041973 PCT/ USQQ 42522 10 The conductive netal -sel ective polishing
conposition desirably has a pH of about 3-9. Preferably, the conductive
nmet al - sel wotolMe19pd! i shi ng conposition has a pH of about 2CT/useo/qps22 about
4-6 or about 4-5. The 5 tantal umsel ective polishing conposition desirably
has a- pH of about 3-11. Preferably, the tantalumselective polishing
conposition has a pH of about 5-11, e.g.llabout 6-9 or about 7-8. The pH
of the conductive netal - selective polishing conposition can be adjusted to
render 10 t heowsomdget Pve met albrselogdieirvedgoliiyrisng Svwbosiddiscnd ves

tantal um sel egbh¥8ePRLI$RI-RINERMR@S LI, 0R AW bh 1 @N¥urFuiciablie PHAdSt er .
Suitabl e pH adjusters include, fo exanpl e, bases_such as potassium

S, for npl e
hydr oxi de, afHBARGHRARYdr BRRdEN S0 dNGTPCAPRGRat 8MPERE SHLL ur es t hereof , as
15 wel | as agi@dgasuchtas FlnekahateddsulrEa@tantistr iatidaeiigktwardg sul furic

acid) and.organic ids (e.qg., acetic.acid, citric acjid,. malonjic_acid,
succi ni ¢ Aci g}a“eFﬁPg i @O(aL %P ag’i&lliz@rgcfﬁ) .Ot%qﬁg ESRdaSE FSTve

met al - sel ect diepamd ihantakwmns2( esel. ec phvephotriishiaag dc o mpesintiico Bs ickn
optionally futther . NpLi e I l.am lyu hane Jiol . y
sui tabl e armg%%l %%(%8% Yaglrny E%%E?%%E% f&&gﬁ‘\lﬁlﬁ%)dl gﬁ can e(%lésop(reé ent in
t he conduct i petassalus phesbhes sand andapeaiigiisel ecoelerzsidrshisvgh as
conposi tions . Preferabl vxidl JAhe pahveehrhamidy o RPN dinls is

present in the conductive netal-selective andtantalumsel ective
pol i shi ntP corffosi-ti BRS3in RACTACIEFAY SFTEE CabSdt TG 5652 St vor e
preferably, hheipekyachyladice @lucpaldesr,etdhdne idiesl, ircpriekent amd t he

conducti ve et gl 39, seLeghote and\analumagl el ve el ngagmest i ons
preferably, the/pal pacsyhamide gooups, di-, tri-, multi-, and poly-
carboxylic acids and 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



pol yuret hane diol is present in the conductive netal- selective and
tantal um sel ective polishing conpositions 35 in a concentration of about

0. 1-0. 5 wo%i/04tee3 conducti ve netal -sel ective and tant al umPCsalSew#iser
pol i shing conpositions optionally can further WO 01/041973 PCT/ USOQ 42522
11 conprise one or nore other additives. Such additives include
surfactants (e.g., cationic surfactants, 1&nionic surfactants, nonionic
surfactants, anphoterlc surfactants, fluorinated surfactants, and m xtures
5 t hereof), gbewm@aitéySmshanZ@aklmp@li@h & UFfstierad@ |qpénprd+8§|@§r si ng
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acid and gluconates, “citric and Tcitrates,
pht hal at es, myﬁ@éa@écﬁﬁmovayrégaﬁ@arwml%r%|@%@|q%t®§ and t anni ¢
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tantal um sel ectivey, polishing composition can be 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



pol i shing conpositions. A carrier is used to facilitate the application of
the nmetal oxide abrasive (if not fixed 30 or otherw se present on the

pol i shi ngwpadp419per sul fate conpound, passivation fil mfoPeirngoagsat for
the conductive netal, and other conponents onto the surface of a suitable
substrate. A preferred carrier is water. The conductive netal -sel ective and
tantal um sel ective 35 polishing conpositfons typically also will renove
base material (i.e., material other than the tantalumand conductive
metal ) of theosubbingt ecwpesibsed eotwotelrp4se¥scpcyeusedigpspy 12
chem cal | y- neghgni¢ak Ly . polish a substrate conprising tantalumand a
conductive nmetal other than tantalumas described herein. ubstrate
base material gen8tBLigr FPPFTHatER| PEatprtel g FPEBATdi 8% déliFCQPOZ)

The 5 COHdUCHLMﬁld@t&br§6beﬁhbhedaﬂdthaﬁﬁabuﬁhSbeéhtvgolﬂ@huﬁblng
conpositions _and/or the palishin rocess, desirabl are dj usted to

provi de é?degPW888§E%gpﬁafgmﬁgéggnﬁa?er?al r3W%9aFl¥a e, ga# |cularly
relative to ameoncondpetwxgdietidfatnd Oaaﬁawun%renﬁyabryéBQQdeThendontrol
10 of the prQLYRHﬁ BBhbéﬁkQQt BHBOSEtb8H§o@9§%961Eh?B% ”tVQ' of oL B8 .
concentration e oxXI e abrasive In olls nposi tions
are preferabVWé-fanfefs ot -dbt i APnyt-desPred §Gb§tréﬂé Baég Wﬁté?val

removal rate@heIegnpaabﬁhb@gtﬁengeihghgﬂgcaemgssakgwhgeaaanaapﬂ505|ngle
package, with the petal oxide abrasive % ackage or fixed on

the pol ilhi nghBadUPsFrAREEWYSEF SHBPECHS § PP lFEQBQeP PFEF=t RGt 2each
of the pondmekra@ pebaknseheplive Hadekaauébunsaehechatethpﬁbiahbng
package syot SRPGREFE (RE PEr ot PBhobhge e ORar  sds CLRE et SPoa 46 hbr asi ve
and the secofid9fackageacdnpr pdesenheppedsuPBat efcafpouypa. TAe ICL000
(Rodel) polishing pad was used for each substrate.
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 510, 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 o4
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
30 0.45-0.65 wt.% BTA (Compositions 1A and 1B). In other



remai ni ng conponents can be placed in either the first container, the
second container, or in a third container. 25 Prior to the polishing
process, wWbhaiwamwrbus packages are conbined to formthe ceQEISV/N2ES22

net al - sel ective polishing conposition and/or tantalumselective polishing
conposition. The follow ng exanples further illustrate the present 30

i nvention but, of course, should not be éfnstrued as in any way limting
its scope. EXAMPLE 1 This exanple illustrates the adjustment of the 35
concent r at i onWostlsy héhpadsicvapsed BIRnrPocantgasgeons fonibifkedc soppeti ve

netal in the apbhgd ahdt hggRr esenbo1iauent ebnbesiender thihe sqerductive
net al -sel ective WO, 01/ 041973 PCT/ USOQ 42522 I:_Lhelc qQl i shing. conposition a

t ant al um sel EEt-PFELHE PEhPRECSEINHOs FPPRRY ~§F FVSubSECES of tantal um
copper, and subks¢antidiloy défeecenpokhshed wcbh Biiveidief frerenialpalitehi ng 5
conposi tions_conprising. 6 w.% funmed silica,,1 w. % ammonium_ - _

per oxydi s%l fgﬁsggo.r?% ?cﬁﬁ%‘f’ﬁﬁgwf&gmﬁ&% gﬁg c\?gffg/lic%givgorr{lgétﬁtlr ations of
benzotri azol ecBEALVE agd, tan6blumt s¥ledtdFewnayure. 3F wheypacdizhimo. % and
0.10 wt. %, Ln.eac fwth i.shi.ng Lt on ad a pH of 7. 10
The substrat 8%&%?%%&% g??le tet g"%%%ﬁ??%ﬁ?gﬁ%@?&?%o%h% Mrra(r) platen
(Appl i ed Mat epngesfrasaen Phathehepesigatdonddinfofesnipe) agenE S6ir [13. 8

kPa], a carrige speed tEok m@f:ajgjihpﬁhea%@lﬁspﬂi@ﬁge@oﬁ%@%(it(igﬁ). of 103 rpm
An |1 C1000 (Rodel) polishing pad was used for each substrate. 15 Fol |l ow ng

the use ®f the pol i shing conpositions, the renoval rates (RR) of copper,
tantalum and silicon dioxide were detrerpnmex for each conposition, and

the ratio of theTﬁggp%&a%%ng§&l%% %a%%st@%et% %%E %EE ”%%a%he PH in
the method of the present invention to render the
conductive metal-selective polishing composition a
15 tantalum-gelective 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 kPa], 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.



rate (i.e.,

of BTA (VWOXL/04®/31i n) (A/nin) RR (A min)

Cu: Ta RR) was calculated, with the resulting 20 data set forth
in Table 1. Table 1: Conposition Concentration Cu RR Ta RR Cu: Ta Si02 RR

1A 0. 65 202 101®CO/UR00/42522 113

0.45 181 920 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,
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41

metal - sel ective pbfi $fii AFPEGTBSsitiBh 3 En R uh e dtd &%‘tbr}cﬁ i%shi ng
conposition. the ratio of the copper removal rate to the tantalum

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

copper removal and

(Compositions 2C

10 In other words, the increased pH inhibited
made the polishing composition
tantalum-selective as opposed to copper-selective, and
also significantly increased the gilicon 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.

EXAMPLE 3

This example illustrates the adjustment of polishing

20

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
ammonium
and 0.25 wt.%
polyacrylamide, wherein the polishing composition has a

pH of 7.85.

[
5

comprising 6 wt.% fumed silica, 1 wt.
peroxydisulfate, 0.1 wt.% benzotriazole,
30 The substrates are subjected to different

polishing processes on a Mirra® platen (Applied



Simlar substrates of tantalum copper, and silicon dioxide were polished
with four different polishing conpositions conprising 6 w.% funed silica,
1 w.% awooniownyrper oxydi sulfate, 0.1 wt.% benzotri azol e, PaRWSAQ4B225 wt . %
pol yacryl ami de, with varying pH values (i.e., 6.4, 7.0, 7.2, and 8.0). The
substrates were subjected to a polishin 6process on a Mrra(r) platen
(Applied WMaterials), such that there was-®a downforce (DF) of 2 psi [13.8
kPa], a carrier speed (CS) of 97 rpm and a platen 25 speed (PS) of 103
rpm An | ClLOBeterdddls) pdlyi sHitey iped theaslawsdericsr @doh dassorgssure

Fol I owi ng thegise ghdt e atRel isHUR0 GRTPOSIAH QRS 0 dohq RmVial, J13i8s rRR)  of
copper, tantalum and silicon dioxide were determ ned each

, for
conposi ti on, PaAd 1Eh&sesk ifeToreathe SURHYER teem VI LoaHESt &F1%0 Usfe Afat™d um
][em)\r/]a! r at glp(;il.i@h%@s'f}imfl'&g)ié:%/ &%gcdwegfoggnl Wiattle st gsime%ﬂcfgd@ﬁnedat a set
orth in Table 2. U 425 1 Ta : nposi tion pH
01 RR T TR CERFRLAR STOS R LRI A e CRERTHL RS T 23635 67 5. 76
113 ZB_ 7.0 5560983h5.n¢5 cﬂ:@@itﬂ@n?s.,Za:bﬁQt&_‘EG wt2b Il tha:)cﬁ).p@)e_ﬂ4 623 0. 20
689 As is apparent,f rx%@e:]r%% daLa t%.?lttgfl(?lH rJ_ﬂe‘rrFy\f-Ef’ib'::%t (ithe ratj.qof the

copper renpval rate to the tantalumb renoval rate exhibited by the
pol i shi ng coMPasiiti 6@ cwiliet eSpHWidlhuddeofrepudting Cedmpasitt iforsRArmand 2B)

was
t ant al um r enoval

signi fi gampyly shi gher than the ratio of the copper renoval
rate exhi bited by the polishing

rate to
conpositions with pH

val ues ok97.2-8.0 (Conpositions 2C 10 and 2D). In other words, the

i ncreased pHTamhiebit:ed copper renoval and nade the polishing conposition
Composition Polishing Cu RR Ta RR Cu:Ta | 8i0; RR
Aggressiveness (A/min) | (A/min) RR (A/min)
DF BP PS
{psi) (psi) (rpm)
[kPa] [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
[17.2] | [13.8]
3E 4.5 4 143 6500 900 7.22 350
[31.0] | [27.6]

As 1s 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.

In particular, the

decreased polishing aggressiveness results in less copper

removal

20 (Composition 3E) and makes the polishing composition

tantalum-selective as opposed to copper-selective,

without substantially affecting the silicon dioxide

(Compositions 3A-3D) relative to tantalum removal




tantal um sel ecti ve as opposed to copper-selective, and also significantly
increased the silicon dioxide renoval rate. These results denonstrate that
t he conduwODiote41033 et al - sel ective and tantal um sel ecti ve maTurseo/afs21 he
pol i shing conposition, as well as the effect on the substrate base
material, can be controlled by changing the pH of the polishing
conposition. 20 EXAMPLE 3 This exanpl e iLfustrates the adj ustment of
pol i shing aggressiveness in the nethod of the present invention to render
t he conduct i vemaeeadl reskectiltbopehi §hengoléshposi BROHESSLARNESEMESEl ecti ve

pol i shing copRogkblORo Zemewihkabosubslr %@ssQlet:@at ah@&hd%oaa%waand
silicon dioxide are paolished wth_the sane polishing conpaositi

conpri si ng 6T&EC% FhnedOSPPEeE1oR *P, W}EﬁwgﬁmﬁﬁﬁlﬁéP Ry disdl 35 T wt. %

benzotrlazol@he@edr@saitwtd%monetyacéytaatdehewhehauatuhe m@ka&hlng

conpositi The ub trates. are s %gpted t.q dlfferent
1

! Htion haz % t g o) shin
pollshlnd?prﬁg ?ggévgnag AP F}fmpﬁg 6X5pPFEHrﬁD 718731
PCT/USCE¥42522mp¢61then|absyplhyaalt95|ﬁgbaheaﬂewbﬁsecma¢BEﬁalbackpressure

(80). and. bl gL, spoedCPSl oAl CLAVG.(Radel) polksting Badchs csed 1 or

each substra | owi n use o osit

removal rat eBrPRRpSofyepyeng 5hﬁaﬁpéﬂ§hﬂn§nGO@PpﬁéﬁﬁoﬂiOX|de are
determ ned for each set of polishing conditions, and the ratio of the
copper renoval rate to the tantalumrenoval rate (i.e., Cu:Ta RR) is
calcul at®¥ld, with the resulting data ¥ttt in Table 3. 10 Table 3:
Conposi tion PolishlthAg ewaRB1EaiRRuedriaeSi @RabBRthAggbesenvenessn( Afm n)

(Armin) RR (éé aT)ox1de abrasive 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 kPal,

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.



DF BP PS (psi) (psi) (rpm [kPa] [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 wOoM1/0§273 6] [20.7] 3D 2.5 2 43 150 300 0.50 150 pLIMISE)4)528.8] 3E
4.5 4 143 6500 900 7.22 350 [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
removal rate exhibited by the polishing é8nmpositions is significantly
affected by the polishing aggressiveness used in each polishing process.
In particul afabiihe4:decreased polishing aggressiveness results in |ess
copper renbyal.JCormopi ti gas; 3A-3D) felative tR kant al um . menoVadk; 2
(Conposi tion 3é3 and npkes the poljishing conposjtion |tantalunmselective as
opposed to Copper-sel et jARE2sING t houtA&HRLt ant (AMY) af f ecFRng t hE/&HY)i don
di oxi de WO D1/041973 PCT/ USQEY 42522 1y enoval A3te, |al Hthosigh| theqo
pol i shi ng aggressrveneps canm — be USeEd t0 SONMEWTAt _conyrof the siffcomn
di oxi de renpval *%ate | cf GBnposi&Lod”§D with CGSAposilti 8nd* 3AL 3C4Ahd 3E) .
These results deponstrpte that the conductive mefoal 5|sebegiive ands
tant al um selfective natpre of the pptishing [conposition, as well as_the
substrate base nfierial renbval riate %%an be cdiProlled °b$° changitA§ the
polishing process involving the polishing conposition. 10 EXAMPLE 4

As is apparent from the data set forth in Table 4,

the ratio of the copper removal rate to the tantalum

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

10 (Compositions 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
gilicon 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 variations of the

30 preferred embodiments may be used and that it is intended

that the invention may be practiced otherwise than as



This exanple illustrates that the concentration of netal oxide abrasive in
t he polishing conposition does not significantly affect the ratio of the
conduct i weO omes®@l3 renoval rate to the tantal umrenoval ratreTashi/ipseed 15 by
t he polishing conmposition. Simlar substrates of tantalum copper, and
silicon dioxide were polished with four different polishing conpositions
conpr|5|ng 1 w. @6annnn|un1peroxyd|sulfat@ 0.2 wt. % benzotri azol e, 0 25

. % pol yacryl am de, and 20 varying concentrations of funed silica (i.
15 w.% 12 swecgéflea\lxﬂy%ieaﬂdﬂ@ewh%ellv\herzwqp@mlafr ttHe ol i shi ng

conposi tions ﬁ%@n%leﬁ QBcztldeeaﬂ‘b[ﬁ&ﬁf‘fféa%r?s é&&r@a@%& QidnRel i shing
process on an I PEC 472 platen, such that there was downf orce (DF) of 3

psi [20.7 kP&pe ?ElélEaFPﬁeﬁcgﬁ%eﬂf(?ﬁﬁ %ﬁV%HF%?ﬂna§ﬂﬁFQ%rﬁF%F%h eed (PS)
of 87 rpm Afch€CHRAg( Bedehy. polishing pad was used for each substrate.
Foll owi ng the use of the polishing conpositions, the renoval rates (RR) of
copper, tantalum and silicon dioxide were determ ned for each
conposition, 30 and the ratio of the copper renoval rate to the tantal um
removal rate (i.e., Cu:Ta RR) was calculated, with the resulting data set
forth in Table 4. WD 01/041973 PCT/ USQOQ 42522 18 Table 4: Conposition
W.%Cu RRTa RRCu:Ta SSQ2 RR Abrasive (AAmn) (Amn) 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 fromthe data set forth in Table 4, the ratio
of the copper renoval rate to the tantalum5 renoval rate exhibited by the
pol i shing conposition with



3 Wm.%fumed silica (Conposition 4D) was not significantly different from
the ratio of the copper renoval rate to the tantalumrenoval rate

exhi bi t edwby1/081923 pol i shi ng conpositions with 6-12 w. % f eegdssd/hisea 10
(Conpositions 4B and 4C), while the Cu:Ta renoval rate ratio was slightly
| ower for the polishing conposition wth 15 wt.% fumed silica (Conposition
4A). These results denonstrate that the?foncentrati on of metal oxide
abrasive in the polishing conposition does not 15 significantly affect the
sel ectivity #HAThdScEMPIYED dF: for renoving conductive nmetals versus
tantalum As denonstrated by these results, however, the netal oxide
abrasi ve concentration _does _significantly affect the i.licon dioxide
removal rate, whiéh al PoRSHGC Ofe FEMicaddat MemPemiicrs Lo Bvdd Std e 2
fine-tuned wsibstespeckohpricamducnte gt and barialdwst iard kgt rat e base

mat eri al rates. of th reter%pces %%%gpﬁpereL%bg_ncluding 25

re al All
patents, pat & &prrCattdid Bhd "B Cattende ey Sicor porated in

their entireties by reference. Wiile this invention has been described with
an enphasi s upon preferr di_pent.s.. J i | j tthose of
ordinary skill in(t ea§&§gﬁﬁ§{Q8%F?§}%%%?h%?%%hg'2%”%?%#%#&%§%§§%odinents
may be used and tB&tlective peldmddag CpaROsHE liomy e &n ek lbexpdgct i ced

ot herw se than as WP QLAQ41973 PCT/ USOCQ 42522 19 specifically described
herein. Accordingly, this invention includes all nodifications enconpassed
within the spirit and scope of the invention as defined by the follow ng

claims. WD 01/ 041973 RCLEUSNAZ522m2AndHAT 1S €L Al MERHISN of the
conductive metal as compared 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.



1. A nethod of chem cally-nechanically polishing a substrate conprising
tantal um and a conductive netal 5 other than tantalum wherein the nethod
conpri seswo(ap4@ppl yi ng to the substrate a conductive net 2CT/Gsed/es5et ve
pol i shing conmposition and a netal oxide abrasive, 10 (b) selectively
removing at |east a portion of the conductive netal as conpared to the
tantalum from the substrate, 15 (c) appPying to the substrate (i) a
tantal um sel ective polishing conposition conprising a persulfate conpound
and a passi vation5f%i | nTher mergodgent ahyr ofheledmgudtitve wiergiinafde(ii) a

metal  oxi deyabraspuegeandra8i6d) igeketkively FrefDYhag gdbueast a portion
of the tantalum as conpared to the conductive netal from the substrate.

25 2. The nefRBELSEIBPaPh 2lulihBrei A1Lhe2t aht bR HhTi ST 1 Het 3 hh ot

tantal um net gkrpant ant @hyhesii| i ged omdheatmimodieireedfaim 1 or 2, wherein
the conductive netal is selected fromthe group consisting of 30 copper,
al um num~alum numsilicon, titanium titaniumnitride, tungsten, tungsten
nitride, gold, platinufhe meictiodmofr aflhenmi 6m wardeahnl oye aedadowbiicat i ons

t hereof. 4. eLh .-¢l.aim 3, wherein the conductive 35 netal is
copper: WO oiﬁggfggg ggT%E§%E?42522 21 5. The method of any of clainms 1-4,
wherein the netal oxide abrasive is selected fromthe group consisting of

alumna, silica, yitani@e GRELBY i €9RHA 6, JGMEBRRIIA, tFRIRRYLA, Alde
conbi nati ons thereof. . o
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 ig 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.

o°

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

compound.



5 6. The nmethod of claim5, wherein the netal oxide abrasive is silica. 7.
The nethod of claim6, wherein the netal oxide 10 abrasive is funmed
silica. 8woDhme4res hod of any of clains 1-7, wherein the meraiSooxisee
abrasive is in the polishing conmposition. 15 9. The nethod of claim 8,
wherein the nmetal oxide abrasive is present in the tantalumselective
pol i shing conposition in a concentrati of2of about 2-30 wt.% 10. The

met hod of any of clains 1-7, wherein the 20 nmetal oxide abrasive is fixed
on a polishing pad. 11. The nethod of any of clains 1-10, wherein the

persul fate conpound istpel geteds beMtheUnauUP wERRSHS! ikh@ Rissivation
peroxynonosul fate acid, peroxydisulfate acid, _.and 25 salts thereof. 12. The

met hod of cl &thin1ECrfBEe PRSP Re 15efs BPFRER CYESHT0 FFTARS CammBICUm

peroxydi sul faten 30 1l3asthensethodrok-apybel blktief®cicl2, nimer eisn thiae
persulfa%g conEound i S Etesegt in the antalugh%fhggtive C@OIEshing
conposi tidn Fhiva’EohtBAtr-&FFdn 96 Rholif <6 1% So0STO5Y LA “TAE et hod of
any of cl ai neohtd3nswher éeasthenepassirogenoatbm.m form ng agent is a

het erocyclic organic conpound. WO 01/041973 PCT/ USOQ 42522 22 15. The

met hod of claim 14, wherein the passivation filmformng agent is a

het erocycl i ¢ orgahfe c8hpotsthof of gflaligadt . ombeFeiyr thempRss ViRdtiéocycl e
ring as the p;agtiexenfactiyanal 19" QUReMRGr hbnt Rechel@yer Yen iidtNeg

contains at | east one nitrggen atom _16. The nethod_of c %{ﬂLIS, wher ei n
t he pas§ﬁbatpgnbenzotrlazole, triazole, benzimidazole, 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 composgition further
comprises polyacrylamide or polyurethane diol.
25 20. The method of any of claims 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,



filmformng agent is selected fromthe group consisting 10. of

benzotri azole, triazole, benzimdazole, and m xtures thereof. 17. The

met hod ofwoloaiomo1s, wherein the passivation filmform ngPaarsvo/izs22
benzotriazole. 15 18. The nmethod of any of clainms 1-17, wherein the
passivation filmformng agent is present in the tantalumselective
pol i shing conposition in a concentratiof3of about 0.001-1 wt.% 20 19. The
nmet hod of any of clains 1-18, wherein the tantalumselective polishing
conposition further conprises polyacrylam de or polyurethane diol. 25 20.

The nethod of anyéeﬁ %E@bgﬁl%ei ,f@ﬁ%%ﬁh? bheleggESErgb%taéaeo@akﬁélal i's
silicon dioxide 1. A nethod chem cal'l y- nechani cal |

lis
substrate conprlsFﬁﬁdﬁgﬁﬂaﬁuWFEﬁ& 8Sc6RERELFle CRetRF 56 ? 2 EL
tantal um wherei nthbesupkhedceonprises: (a) applying to the substrate (i)
a conductive netal-selective polishing conmposition conprising a
persul fat®e conpound and optionally a passivation 35 filmform ng agent for
t he conductive net(a), adjeseing the conductive metall-selectiive polishing

conposi tion hascgfgggggb@ %Bfgggqtgbh)OQ %%Ea 094188 1 %b%%%d@%s

01/ 041973 PCT/ US sel ectivel movi ng | east a portion of
the conductive nﬁ?aﬂeast@@nﬁ@ﬂdﬂcﬁévﬁh@eﬁé r&ﬁ&@pﬁﬂ@ﬁlPPHéS§&@§trate 5

(c) adjusting the.cppductive BetahrsghRCkivectROLl $BiAGHGAPOSI tion or the

pollshlng process to render the conductive netal -sel ective polishing
composition, and

(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
congisting 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
(¢) comprises increasing the concentration of the
35 passivation film-forming agent in the polishing

composition.



conposition a tantal um sel ective polishing 10 conposition, and (d)

sel ectively renoving at |least a portion of the tantalumas conpared to the
conduct i weOrmeal973 rom the substrate. 15 22. The met hod ofPCelusvorizzl;
wherein the tantalumis in the formof tantalumnetal or tantalumnitride.
23. The nethod of any of clains 21 or 22, wherein 20 the conductive netal
is selected fromthe group consisting 0P4copper al um num al um num
silicon, titanium titaniumnitride, tungsten, tungsten nitride, gold,
platlnun1 |rldlun?7rutﬁbﬁ|m@th@dd0§lﬁ@ysOénGlaémﬁbﬁﬁaQﬁon@hﬁﬁéﬂ@oﬁteES 24.

The nethod of .6l ébﬁfb%@se@%‘é@'r@a%@%gcBBQH%E&)& &alssllsfe%rgg%y 25. The
nmet hod of any of clains -24, wheréin ste nprlses |ncreaS|ng

the pH of théeﬁéraa%rlﬁgth@oﬁﬁ@&%ﬁf@nmﬁé F‘r@hnE ﬁoHa RAy SHPSEFATfs
21- 25, wher eamesb@ata(:@)edqomab@asmgcwasbagrtlae;- @@&é@nbrfaltlh@n of the 35

passivation fi form nt in the polishin npo WD .01/.041973
BT USor 425995551957 SPr e anERER 6T - ang o6 BT APE 0] P36 S EFEEH Step (o)
conpri ses detheagbngdpalinghicogtaggr essi wegessmbynadéoneadiemgotthe pressure
with which the pad and substrate are contacted, decreasing the carrier

speed of the 5 substrate during contact, decrea5|ng the pl aten speed of
the pad during coRBact Ther mempodomtsi AaYi 6F cheisst 21287 THackeiRodhsf any

of claims 21;2{s10hghekNabhesivRt 2k axiderabr asbieche selegted fromthe
group

10 consisting of alumina, silica, titania, ceria, zirconia,

germania, magnesia, and combinations thereof.

29. The method of claim 28, wherein the metal oxide
abrasive is gilica.
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

galts thereof.

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

compound ig ammonium peroxydisulfate.



10 consisting of alumna, silica, titania, ceria, zirconia, germania,
magnesi a, and conbi nations thereof. 29. The nethod of claim 28, wherein the
met al oxiwe orabasi ve is silica. 15 30. The nethod of cl aPeTaSpodser ein the
nmetal oxide abrasive is funmed silica. 31. The nethod of any of clains
21- 30, wherein the 20 netal oxide abrasive is in the polishing
conposition. 32. The nethod of clain131,2§herein the netal oxide abrasive
is present in the conductive netal-selective_and tantalumselective
pol i shing conposi BfonsThE BedBogoREeAtYaPof 1A MEhddt 32 30 RRESYF $8€ The
met hod Iof ﬁnySe@fsuQEagng%ﬂap_%ﬁndV\ﬂ%L p'ges]tcehe iBiE]'E:allel evinde caliras imee ails fi Xﬁd
on a polishin ad.. . t hod.of any of .c¢lai.ns 21-33, .wherein the
persul fate cégﬁgﬁﬁavﬁsaE§|EéPgagﬁﬁaﬁF%ﬁ8t5P§u80&6ﬁ§ﬁ§ﬁ ﬁ§m3%5£glons
per oxynonosulihatecaocdntpetdondosubbatie acilds amd%.salts thereof. 35 35.
The nethad of claim34, wherein the persulfate conmpound is amoni um
peroxydi sul fate. WO 01/041973 PCT/ USCO 42522 25 36. The net hod of any of
clai s 21-35, wheBdi-n The mpehed Pat anyorpogAdins plesént vinened &&sducti ve
netal - sel %b\é%ﬁ@@ib%ntfalmmf%%tn%gl égea«al i $hian oG @IRRSIINS rdahid
concentration of about 0.1-5 wt.% 37. The nethod of any of clains 21-36,
wherein the CP&EBSF®Etion filmform ng agent is a heterocyclic organic
conmpound. 10 38. The nethod of claim 37, wherein the passivation
filmformng agent _is het er ocycl i.c _organi¢ compound ith _at .least one 5-
or 6-me r hetergéyclghFiWStﬁg ﬁé cgagm 59, w%%reln £ pa851v£%1on
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 claimsg 21-41, wherein the
30 passivation film-forming agent is present in the
tantalum-sgelective polishing composition 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.



active functional group, wherein the heterocycle ring contains at |east
one nitrogen atom 15 39. The nethod of claim 38, wherein the passivation
filmformvoglagwnt is selected fromthe group consisting Ppafi/useorzsezi azol e,
triazole, benzimdazole, and m xtures thereof. 20 40. The nethod of claim
39, wherein the passivation filmformng agent is benzotriazole. 41. The
nmet hod of any of clains 21-40, wherein Epe 25 passivation filmformng
agent is present in the conductive netal-selective polishing' conposition
in a concentration of about 0.001-1 w.% 42. The nethod of any of clains
21-41, wherein the 30 passivation filmform ng agent is present in the
tant al um sel ect i v .polTtshimeg hodnpdsianhvonfi nlaimsofAtedd r athereiof @Hbout 0. 3-1
wW. % 43. The,ymthod ofy ANk Ghai 08 211420on0eEgigLhe 35 conductive

net al - sel ective and tantal um sel ective polishing conmpositions further
conprise polyacrylamde or polyurethane diol. WO 01/041973 PCT/ USQQO 42522
26 44. The nethod of any of clainms 21-43, wherein the substrate base
material is silicon dioxide. 5 SUBSTI TUTE SHEET ( RULE 26)
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