WD 2008/ 027421PCPUS2007/ 018980 1 COVPOSI TI ONS AND METHODS FOR CWP OF
SEM CONDUCTOR MATERI ALS FI ELD OF THE | NVENTI ON [ 0001] ; This

i nventi on WeI268888742b pol i shi ng conposi ti ons and net hodPATHFHS2MGI018980 ng
a substrate using the sanme. Mire particularly, this invention rel ates
to chem cal - mechani cal polishing conpositions suitable for polishing
sem conduct or surfaces. BACKGROUND OF THE | NVENTI ON

[ 0002] Conposi ti ons and net hods for chem cal - mechani cal polishing
(CM?) of the surface of a substrate are well-known in the art.

Pol i shing conpositions (al so known as polishing slurries, CW
slurries, and CWP conpositions) for CWP of netal -containing surfaces

of sem cERBMPOFITRENS AN @SETHODS FOR (GMP TFSENICONDITSI TORMAIIERIALS

contain an abrasive, various additive conpounds, and the |ike.
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are limited as to the useful chemical composition of the slurry because of the relatively inert
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nature of Ta. Consequently, polishing relies predominantly on strong mechanical abrasion.



substrate, which nmethod conprises (i) providing a substrate,
desirably with at least two netals, (ii) providing one of the

af or esai d wheMis@ar2hechani cal poli shing conpositions, (HUTYS2007/018980
contacting the substrate with a polishing pad with the polishing
conposi tion therebetween, (iv) noving the polishing pad and poli shing
conposition relative to the substrate, and (iv) abrading at |east a
portion of the substrate to polish the substrate. DETAILED
DESCRI PTI ON OF THE | NVENTI ON [ 0015] The i nvention provi des a CWw
conposition useful for polishing a substrate, preferably a

sem conductor substrate that desirablyzcontains at |east two netals.

The CMg, feém&fe%ap&ffe%awé cﬁ@am@mvam@écm obdss@ dnkilcdinpbEtiahs with high

polishing rate nodifier a % a second rretal polishing rate
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in any suilt e anount. " For eXxanple, the abrasive can be sent |n
t he cwﬁlv&b ms@smqsﬁ that exibif woefl regovel reteqforpprsicongpetor %ﬁfﬁnals 5 6ok 45

or ta(llmﬁ A Qent WiE a s@ond n¥¥a1%0 Or nore. Alternatively, or |n
add| t| on asive can be present in the CWP conposition in an

amDunt of 20 Wt %Or |eS§mgumiRMo%ItHEm$ENﬂGva % or |less, 10
.%or |ess, % or | es *ess % or

e oo 10008 e vemhon B ARes A ehos P POV s on paBBTiE T

in an W§1v9f(bpa Firdnetal bHelidn teo/mo@lﬁgra et L) seoridmdid] pélisbhingaste
0.1 wt.%to 4 w.% WD 2008/ 02 421PCT/U82007/018980 4 [0019]The

abr asi V@dt%ﬁﬁaﬁ@t:l apd{Aya Hapidspie™f orm Typically, the abrasive is in

;[j he f ?"[(ml@! Paklont %ﬂ:%odfﬁ'f&n@ hh&ﬁﬂt ARt ﬁol@dh‘lhg&ﬁtetrﬁ&hﬁeﬁagéﬁt Hds a&tandhﬂde
laneter O

he smal | est sphere enconpassi.n
exanpl éﬂdut:%‘én pasenti less thap O ¥ relatiesin aﬁéﬁ“@?’%ll’é’ggqgg Eﬁ‘ ‘gg Wr’ﬁc’iﬁ‘n thg fiast
e.g., 2ftd H§h1£%){a@a maQiffel Ak 1STEQF~| orle] arith8 B3 cBhd bk poldHiey NAed muﬁlﬁyr
or in addifion he abrasi ve can

e article si z
or | esgseng bas 2 stagerd redugtion %@t‘aééﬁa%&&g%ajés‘g relgv tﬁ(?sf‘ﬁ“ ‘ng" e
Parti ckregbdee Can be determ ned by any sui tabl e nmet hod, many of which
are well known in the art, . such_ as. | aser att chni ques.
[0020] 1R br asiaecoTese s Tt Fars POt b B R BB 1 By e
nor e s pRRidihE alehy cdrprddies 4 feitbsk @alety, afd tHe stimdahitalqmitiplin ritomodiffeen
the abrasive is susp egr?ed in the CWP %g@oso!dtl Of 8éhe ahr asij ve..
pr ef er 485 15 selectsd) thmg the growr eissting pbiodidepoding gnglonamues, gnd (giiqdide.
suspengoganj of MhItaRE ¥@bPaiiidng tREfiisbrieRepblishitiptarancdifier agbfiok hmn@hm
stability” refers to the maintenance of  {hat sr@d_ﬁ%?]s&éo?n over tlggT
t he coﬁfvé;amgﬂgephffgnwr?ﬁ%% AgRonemoshy 284 the see 1hing 517 BiCqHIT y
st abl e zhdht 3 £NXiGORAEEAL RBsehi in AMdRBertiAEoChAbR thOBRREtAtDA of thefirsinekal
into a 100 mM graduated c%/l i nder and allowed to stand w t hout

agi t at petishipg rafe mpdifiendgent-nours, the difference between the
concentg@ii on wfa i%ﬁftﬁ%hﬁ@dlh{bnt,h& Bt e pOlishingahtetrhedifémabent i@ dn organic

oxidizing agent comprising a quinone moiety, with the proviso that the first metal polishing rate

modifier is not 1,2-napthoquinone-4-sulfonic acid, aminoanthraquinone sulfonic acid, or



[ 0028] The CWP conposition can further conprise halide anions.
Sui tabl e halide anions include chloride, brom de, and iodide. A
preferred WalzZ0@$@2a31l on in the CVP conposition is iodi deeCTIHRZTALSEE
ani on can be supplied by the use of any suitable salt in the CW
conposition. Suitable salts for supplying halide ions include, for
exanpl e, potassium cesium ammoni um nagnesium calcium strontium
barium and alum numsalts. [0029]In addition to iodide, in sone
enbodi ments the CWMP conposition can contain iodine, |2nmalonam de3, or
triiodide. lodine can be present as nolecular iodine (12) or as a -
sol ubl e i odi ne adduct Sol ubl e i odi ne gdducts are produced, for
exanpl conbl dPslifigin
adduct ﬁygroﬁ eosﬁlar?ln e%?d %‘%}gﬁ]@?ﬁ&d?ﬂ rgl'ﬁﬁg%g ggﬁ%ﬁ{ {r:riefg%&%gs lish |]lng1 5
rate magknt,veith ﬂ:gepm\sscc‘élat the sgnoas eretal iprlisties BGimedifisnagent ismof fhepage as the
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otal oo GPrieS B BsS el af MRt B EERERIT . g
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. % Opoligtsisg paalrana pblmhn@/mnpd»sascm relative ok anbsirats; and @elabrasing pideast a

f irst ag%ﬁse(%gh &é togé)dlfsﬁlﬁ&%bgﬁtg modi fi er agents can be present

inthe? concentration of 1 nMor nore, e.g., 2 nM

or_mre, 3 rriMor rmb TA9E ED PRACRIFNON OATEST DRVENEIGN Oor in
addition, each of the first and second netal polishing, rate m)dlfler

agents [@045] be 'ﬂleaswmlmm\héem@l\@mwﬁf%ﬁsﬁﬁfﬁl Bap B&enM or
| ess, %&F F b fubstee tgésnlagﬁ;soon%ns]ag 18M Qo ﬂm&ﬁﬁ 'I;HB@MP
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concen tpmppsmqm gm&mt’efa) o gprasizg(h) 2 figst “t#al pekshingrsie pAGteT pasnt, ﬁ‘é)taaqlec‘md
pol i sh 'n?eg%llp%h&{i@ﬂhé folifRE G Ent, ﬁ]ﬁr(df%ﬁﬁm& arrieP one embodi nent, the

concent € secon olishing rate m)dl fier_ a ent in
the CVED@SposThs GMR eomsisionReiFrbl NBrov Siee B eV 8 FEH d gime Yk of prpesgr more
et al étm E}Lma%gét@ 9B th AR hall (MP REmEYER SRR 8HAItSR, the CMP

100311 nmposition conprises a halide, the hali de anio

can be cpmegehon ) hmllmqblrtmrtm s ghrihesajectivity £ remeus of GPPREr

For exagm #&thﬂfﬂr@%ﬁ%vﬁe%}e&%%eﬂ n the CVP conposition In
a concentr

m or nore . pm or nore, 2
nore. AP nat 'ﬂmb;aswﬁ cmbeaemsmt@he gttrﬂ@wh ﬁfﬂeﬂ@llb’éﬂ aprasive éu1&§>é§g%ﬁ psqip
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ppm or Tess m or | ess. L_0032 he |iquid carrjer can be cg/

Sui tablcen$1$tq9f ametgl mnéﬁe Bypgoplss o1 suitgblesbrasives E&?&Wﬁﬂ@ it Lzyijarign s

|1 qui d gakihh q{témll—.\,rl;%hh' O8rdbRaEEn a QmBIBALRIM df'tﬁ@ bbfn%réiéﬂ tbie ﬂirSg(ﬁhlglﬁbraﬁves
et hanol’, net’hano

i sopro anol but anol nP tions t ere
The || (Rbeabrasive pesterBio s SHes oF HHENIS TR LOEREORL PR PRSI
abr asi \ésngﬁaiglﬁéa%coﬁmda@aaheaa@;reaxﬁ&ﬂaaﬂmﬂi yher addl tives to the
surface of a suitable substrate. Preferabl 8{% H’g r| er ItSFor

wat er . [0918 er abhgabrasive capherpresentiiey the p%%“%%ﬁ%i“"“[’@

conpos 'ekhﬂﬂleoﬁ%'agﬁ@vle%aﬁ 6 bh8ént HOTHRICMP Scoﬁlﬁbshﬁ@ﬁ 155 zﬁx@ﬁtﬂiﬁ oDh.1 @i, of more,
more other materials. Such other materials can g ot her .mat erlgc{ltswn the

comonieye.i ha Midear Marecrd Wk aare.diid, WEGor 0tapAlienativgly, £ i

mat eri ghs, fRARPEe s%érg% Qﬁ GMb'th{p%ﬁon‘ﬁi SCR8bnY ofROlWAYA ﬂﬂem eRl, 5 wt.%
surfact ants, biocides, the |ike. L0034 ] The corrosiagn | thor

(i.e., omlgss) m%ﬂfqﬁrh@sﬁ&m Yo cxdersp WAr OBl5T ABYte COIFD AR RSB T 3y
Typ' Calv!rtyo/ﬁ ok s COMEOBHeOtbrdstVai dah be prdsentan Y (NI BnipesEes E}darCaﬁﬁélﬂit of 0.9

wt.% to 20 wt.%, e.g., 0.1 wt.% to 12 wt.%, or 0.1 wt.% 1o 4 wt.%.




[ 0041] The CWP nethod of the invention is particularly suited for use
in conjunction with a chem cal - mechani cal polishing apparat us.

D fferent WOpas0aT42CMP appar at uses for chem cal - mechaniP€aYUSREI7i09Bthg
are well known in the art. Typically, the CVP apparatus conprises a
pl aten, which, when in us; is in nmotion and has a velocity that
results fromorbital, linear, and/or circular notion, a polishing pad
in contact with the platen and noving with the platen when in notion,
and a carrier that holds a substrate to be polished by contacting and
nmovi ng WD 2008/ 027421PCT/ US2007/ 018980 10 relative to the surface of
the polishing pad. The poli shi ng of the substrate takes place by the
Subst ! nFor®! A BLASRY chifEAUQChictil Poﬁxberr%@éaﬂg,%@qu@e Al e SR of
conpos n descri ff&r &7 1 GRd t heh mov t ol 1shing pad

rel at i patitles, twi:ec}scdns}:tercd'taey ssitablessizad(i.abthedbiametet offbe smallnst sibere of t he

bstrate t h b Q . .
ol anar o BTeaIRhE STy P GoR0E BBt GBI AhBafBRuD8 size of 10 mm ox
usi ng mose, elgt,aabheambres&@ nglqranbr(a,eqrgio nry of NSk, nogltematfvabepr iniditie, the
pol i shj s 203 HNE LG, bl PSR R oBPYE LY d@@@n&é%ﬁ@sspﬂid R bss, or

pads, 0 porous or n- por ous pads
li ke. Nmrmn\oe iess.sPartials| sizepah bs ﬂetagmpedj‘ey @mnsmtah’plmﬁhmh myeny oif wistheere well

pol y of vq_gg%ﬁtr}%udgaéiagéé%#%c%&%g an@ﬁ@ﬁgess conpressibility,

abilit gpon CO ressi on nodul us.
Sui t ab[O@Z@bI y r‘ﬁle&brasmemhlﬂl;abipls sespenddan t‘p@(lw erypnoisition; were specifically in
pol yvi orlde

&1% :11§P1 t%% %E)ﬁSﬁe i np O{Jzﬁfﬁﬁ(/@@ @@%ﬂd%%éﬁﬁ*

pol yacry yam de ur et hane

p(r)ll yst w@wf ;thnoth;pabtqswe@lﬁbrabb*flscmdaéhm sT]l!fhfém@ ¢0110a¢i’orefﬁr$<wh@s

t hereo is t are

pads cOr %égc}nnoaf%'b}’ Swtell}gftﬁ%ﬁ éﬁ %lg pwgﬁnﬁo%ﬁﬁgl stt%ﬁ}ls hi %fgﬁggg&c an be

a har dmemtenefite cpfaliat sPepensiti pyerdims Ubshe eandext o8 iy myf-rﬁgmbw plragive is.

mat er i S4G i f f
g}l ide = %llgﬁagﬁgt%ﬁem dﬁﬂf(’j@&ﬁ? sﬁ’ﬁtﬂﬁ £ Wheéh *@@W%rﬁﬁ%ﬁﬁﬁﬁ@ﬂﬁ%&@

t he res ectivity o mechani cal factors, such
scr at Cimtmg 16(wht aeaduamd nlitiden and-glesedrto stand widbrieagitaden o5 BIHEe of 20Mirs fhe

usi ng B?tg/ Er? ﬁﬁ%ﬁcéﬁ%&qﬁ@@%{#\gmltﬂé'g&fm B@Eﬁ%?ithel g?é&ﬁlra{eﬁg: fikder
over aI cos t rocess conposi tion of the invention may
be usedBhin ﬂanhaoﬁg/péh@dahdcmn%@mvf@h@em? intheltomEl md phthecsadypted

res peCE HrQed @?“ﬁ ﬁﬁ%ﬁﬁé Af\%‘ﬂé sy B%&Q é bt ecﬁ’x@&ﬂra@iﬂﬂ of aﬂrQQGélinTtB@ C@MP

conposiITl on e |1 nv ol nt use.

ot her mmmltlmﬂ(écmcmqfaénﬂllﬁésﬂﬂm@ peequal/@rfd.$ 6ie-ridH] bl Hi’ [F:tltSéHS)atThe
the lo i
subst r St SETEITING) BAREMER, IoFARIPH) G 0 3 3L Bibf oty s 34 HhidBr el o

Diluti®d. is done by addl ng an appropriate amount of a suitable liquid

car der yoqo¥Pi ol Ak WWERH Sl 48 Bing Wit HhoRfiRAY B o ¥étBdled homhe

concen rate of onposi tion. quid carrier tﬁ ically is
wat er , fq@ip@fm msxﬂfdir@taml prcgng meﬁémehﬁfzwr%meﬁl ef peegitic 1 e first etal

enbodi §r9é Mﬁ&%&ﬁﬁ{aﬁ 'a%&neﬁmé‘dﬁchaﬁﬁo&ﬁﬂalnék@ leuthe0. 3209 r&@ﬁv@t&a

conmpon ts I spersed or dissolved in the quid carrier,

aqueoustardsrd bydrogenceleqiepdgavisreinithe Brsbmstad P%‘El@l‘f‘& ‘H@tmo‘ilﬁ‘c’)rrﬁﬁﬁm i taquWOBT”
the OV, £OERAILE h%al%n%ﬁg 2L RoMifiel aééﬂt BRDA QRdaid &damgsgot@ifhai gt

carrirer, €.d., aqueous sol vent each onent of the oSit 8
qliurtgf@te modifier

Wil l bﬁﬂap P<eVrelptive tha semierddidegen Pl?ﬁtf? » & therBshmeigl
appr opgiat f a.rg B6id QKialPE: aceMLoAYPR{RA (AARE thdieg0fhd #ld 88384 kiktal polishing

[ 0045] used hérein in referencé to the conposiflan_ and method %f
the i nwiempdiiier pgrat isselpcted fromp ﬁwr%wr%on@’ét%@f igfide, ipgingla grefQapmides, and

pol i shifigsaat() @k st SHRRtgofbiing AIPRREHer Q%erﬂ-ﬁjd éﬂﬁﬂr% c bi¥@izing agent

concentratlon of one or nore conponents o osl t1 Qn.

exanp| eompsingi aeinpreymeirsy; aph thefesend meialgrolishias st f‘H’é REFNEIHEY %Jﬂihﬁ@‘g

agent present in a concentration below the concentration of the first metal polishing rate

modifier agent, and (4) the first metal polishing rate modifier agent is an organic oxidizing agent




0 0.0 134 IB (invention) 25 0.7 230 1C (invention) 50 1.5 326 ID

(invention) 100 2.9 721 1E (invention) 500 14.7 2562 [0051] The

resul ts i NADEAIBA2T4RRL | ncreasi ng the hydrogen peroxi de PEGHSIHINEBbN

fromO to 15 inMincreases the Cu renoval rate from 100 to 2500

Alm n. EXAMPLE .2 [0052] This exanpl e denonstrates the effectiveness

of dual netal polishing rate nodifier agents, using 1,8-AQDSA as a

first metal polishing rate nodifier agent and potassiumiodate as a

second netal polishing rate nodifier agent, in polishing substrates

cont ai ning tantal um and copper. [0053]Sim | ar substrates conprising

tantal um and copper were polished on asLogi tech tabl etop polisher

\(Mpt |h aﬁpﬂnﬁl%gga ﬂﬁin?ﬁ@ﬁﬁﬂagg&ggmta ﬁd’sg‘oftﬁiat&n& ﬁg@hiefdﬂ polgshixMaahbdifiasis not
ol i shi ng nposi tions -2C). The tool conditions. yer 02 rpm .

pl at en lgpw&oqymn?ﬁrﬁuhfawaadz apinegnthraqyinope Subpgn i g‘yqlf8ﬂ“‘8§‘b°p%9f°m°

and 7. QeiHCRA thd sekoR® inktll pvisHiY @€ thedifitrdteat 1A oR itz Bgeit, Aiiinthe proviso

pol i shing conposition f]low. [0054] Each of the, poli shi C 0si ti ons
cont ai H@g thg sponsl B P Rl EaHp Filien aget i noj e e ekaATreL el pefi g
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suitable organic oxidizing agent comprising a quinone moiety. The second metal polishing rate

modifier agent in the second embodiment can be any suitable agent selected from the group
consisting of iodide, iodine, I malonamides, and triiodide. The CMP composition of the second
embodiment can optionally further comprise a second oxidizing agent.

[0024] In the third embodiment, the first metal polishing rate modifier agent can be any
suitable organic oxidizing agent comprising a quinone moiety. The second metal polishing rate
modifier agent in the third embodiment can be any suitable oxidizing agent present in a
concentration below the concentration of the first metal polishing rate modifier agent.

[0025] In the fourth embodiment, the first metal polishing rate modifier agent can be any
suitable organic oxidizing agent comprising a quinone moiety, with the proviso that the first
metal polishing rate modifier is not 1,2-napthoquinone-4-sulfonic acid, aminoanthraquinone
sulfonic acid, or hydroquinone sulfonic acid. The second metal polishing rate modifier agent in
the fourth embodiment can be any suitable oxidizing agent, with the proviso that the second
metal polishing rate modifier agent is not the same as the first metal polishing rate modifier
agent and is not potassium jodate or nitric acid.

[0026] Suitable organic oxidizing agents include, without limitation, chloranilic acid,
organic peroxides, (e.g., #-butyl peroxide), n-methylmorpholine-N-oxide, dichloroindophenol,
I,'malonamide;, and quinones, such as dihydroxyquinones, e.g., (2,5-dihydroxybenzoquinone),
naphthoguinones (e.g., 1,2-naphthoquinone-4-sulfonic acid), and anthraquinones with one or
more functional groups. The functional groups of anthraquinones primarily aid in enhancing the
solubility of the anthraquinone in the CMP composition but also can affect the performance of
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concentrations at these levels, thereby indicating that the Cu
renoval rate can be tuned i ndependently to the Ta renoval rate.
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435 bromate salts (e.g., potassium bromate), and chlorate salts. Preferably, when the second metal
polishing rate modifier agent is an inorganic oxidizer, it is selected from iodatesalts (e.g,
potassium iodate), iodine, potassium permanganate, inorganic salts of iron (III) (e.g., ferric
nitrate), bromate and chlorate salts, and persuifate salts. In some embodiments, the inorganic
metal polishing rate modifier agent is not nitric acid.
[0028] The CMP composition can further comprise halide anions. Suitable halide anions
include chloride, bromide, and iodide. A preferred halide anion in the CMP composition is
iodide. The halide anion can be supplied by the use of any suitable salt in the CMP
composition. Suitable salts for supplying halide ions include, for example, potassium, cesium,
ammonium, magnesium, calcium, strontium, barium, and aluminum salts.
{0029] In addition to iodide, in some embodiments the CMP composition can contain iodine,
Ir-malonamides, or triiodide. Iodine can be present as molecular iodine (I2) or as a soluble
iodine adduct. Soluble iodine adducts are produced, for example, by combining I, with a carbon
acid. Preferably, the iodine adduct is I;'malonamides.
[0030] The first and second metal polishing rate modifier agents can be present in the CMP
composition in any suitable amounts. For example, on a weight basis calculated on the total
weight of the CMP composition, each of the first and second metal polishing rate modifier
agents can be present in the CMP composition in an amount of 0.001 wt.% or more, e.g., 0.01
wt.% or more, 0.05 wt.% or more, or 0.1 wt.% or more. Alternatively, or in addition, each of the

first and second metal polishing rate modifier agents can be present in the CMP composition in
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2008/ 027421PCT/ US2007/ 018980 14 EXAMPLE 4 [0062] Thi s exanpl e
denonstrates the effectiveness of dual netal polishing rate nodifier
agents, using 9, 10-ant hraqui none-1,5-di sulfonic acid (1,5-AQDSA) as a
first netal polishing rate nodifier agent and potassiumiodate as a
second nmetal polishing rate nodifier agent, in polishing substrates
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the C composition in any suitable concentration. For example, the halide ion can be present

in the CMP composition in a concentration of 5 ppm or more, e.g., 10 ppm or more, or 25 ppm
or more. Altematively, or in addition, the halide ion can be present in the CMP composition in a
concentration of 120 ppm or less, e.g., 100 ppm or less, or 60 ppm or less.

[6032] The liquid carrier can be any suitable liquid carrier. Without limitation, examples of
suitable liquid carriers include water, or water miscible solvents such as ethanol, methanol,
isopropanol, butanol, and combinations thereof. The liquid carrier is used to facilitate the
application of the abrasive particles, the oxidizers and any other additives to the surface of a
suitable substrate. Preferably, the liquid carrier is water. Preferably, the water is deionized
water.

[0033] The CMP composition optionally further comprises suitable amounts of one or more
other materials. Such other materials can be other materials commonly included in CMP
compositions. For example, such other materials can be corrosion inhibitors, viscosity
modifying agents, surfactants, biocides, and the like.

[0034] The corrosion inhibitor (i.e., a film-forming agent) can be any suitable corrosion
inhibitor. Typically, the corrosion inhibitor is an organic compound containing a heteroatom-
containing functional group. For example, the corrosion inhibitor can be a heterocyclic organic
compound with at least one 5- or 6-member heterocyclic ring as the active functional group,
wherein the heterocyclic ring contains at least one nitrogen atom. Preferably, the corrosion
inhibitor is selected from the group consisting of 1,2,3-triazole, 1,2,4-triazole, benzotriazole,

benzimidazole, benzothiazole, and mixtures thereof. Most preferably, the composition
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4.8 [0066] The results indicate that increasing iodate concentrations
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fashion from65 to 229 Ahnin (R2=86% . Additionally, the Ta renoval
rate linearly increased with increasing concentrations of KI03
2=993% , but with a much higher slope (1.8 for the Ta renoval rate as
conpared to 0.3 for the Cu renoval rate). Hence, with a polishing
conposition conprising these two nmetal polishing rate nodifier

agents, both the Cu renoval rate and the Ta renoval rate can be tuned
simul taneously with different Ta to Cugsel ectivities being achieved.
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ingredients (e.g., abrasives, acids, bases, metal polishing rate modifier agents, and the like), as
well as any combination of ingredients. For example, an abrasive can be dispersed in water, and
the metal polishing rate modifier agent, or the acid or base can be added, and mixed by any
method that is capable of incorporating the components into the CMP composition. When
oxidizing agents are added, some or all of the oxidizing agents may be added just prior to the
initiation of polishing of the substrate. The components can be combined on the polishing
platen by two or more delivery systems,

[0038] The CMP composition can be prepared as separate components that are mixed prior
to use. The separate components can be combined in various ways. For example, a three part
system can be made wherein the first part (part 1) contains the abrasive particles, the second part
(part 2) contains the metal polishing rate modifier agents and water, and the third part (part 3) is
water. As a further example, part 1 could comprise 4 to 30 wt.% silica adjusted to a pH between
2 and 4, and part 2 could comprise two or more suitable metal polishing rate modifier agents.
The three parts then could be combined in various ways, for example by adding part 2 to part 3
(water) followed by adding part 1 into the mixture of parts 2 and 3. A skilled practitioner will
recognize that the proportions and concentrations of the various parts can vary, depending on

solubilities and stabilities of the components, such that the final concentrations of the
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these two netal polishing rate nodifier agents, the Cu renoval rate
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(PPM  LMeBR féfas[emcﬂﬂg relative removal rates of these metals in chemical-mechanical polishing of

a substrate. The method comprises altering the concentration of one or more of the metal

polishing rate modifier agents such that the reroval rate of a first metal is increased or
decreased relative to the removal rate of a second metal. For example, increasing the
concentration of a metal polishing rate modifier agent in a composition may increase the
removal rate of copper and have no effect on the removal rate of tantalum. Therefore, in
applications where it is desirable to remove only a small amount of copper relative to tantalum, a
lower concentration of the second metal polishing rate modifier agent may be used. Conversely,
in applications where it is desirable to remove equal amounts of copper and tantalum, a high
concentration of the second metal polishing rate modifier agent may be used. In addition, the
concentration and combination of the metal polishing rate modifier agents can be altered to
effectively polish TiN.

[0041] The CMP method of the invention is particularly suited for use in conjunction with a
chemical-mechanical polishing apparatus. Different types of CMP apparatuses for chemical-
mechanical polishing are well known in the art. Typically, the CMP apparatus comprises a
platen, which, when in use, is in motion and has a velocity that results from orbital, linear,
and/or circular motion, a polishing pad in contact with the platen and moving with the platen

when in motion, and a carrier that holds a substrate to be polished by contaciing and moving
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( conpapgfkitftly due to mechanical factors, such as scratching and de-lamination. However it is often

desirable to polish using a hard pad because hard pads last longer, thereby lowering the overall
cost of the process. The CMP composition of the invention may be used with hard pads and has
shown exceptional performance with respect to low defectivity when used with hard pads.
[0044] The CMP composition of the invention may be diluted at the point of use. In other
words, the CMP composition of the invention may be diluted at the location of the chemical-
mechanical polishing, e.g., at the substrate-polishing pad interface. Any suitable dilution can be
used, Dilution is done by adding an appropriate amount of a suitable liquid carrier, typically an
aqueous diluent, with adequate mixing, to a concentrate of the CMP compaosition. The liquid
carrier typically is water, preferably distilled or deionized water. In such an embodiment, the
CMP composition concentrate can include the various components dispersed or dissolved in the
liquid carrier, e.g., an agueous solvent such as water, in amounts such that, upon dilution of the
CMP composition concentrate with an appropriate amount of liquid carrier, e.g., aqueous
solvent, each component of the CMP composition will be present in the CMP composition in an

amount within the appropriate range for use.
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{0045] As used herein in reference to the composition and method of the invention, the term

tunable refers to the ability to affect a polishing rate of a substrate component by adjusting the

_ concentration of one or more components of the CMP composition, For example, by adjusting
the concentration of one of the metal polishing rate modifier agents in a CMP composition of the
invention, the tantalum polishing rate can be tuned from rates of 0 to 2000 A/min, the copper
polishing rate can be tuned from 0 to 8000 AJ/min, and the TiN polishing rate can be tuned from
0 to 1500 A/min. The CMP composition of the invention is tunable to one, two, or more metals
present in a substrate. The tunability of the CMP composition provides greater polishing
precision of the substrates and greater flexibility for polishing multiple substrates during
manufacturing.
[0046] The following examples further illustrate the invention but, of course, should not be

construed as in any way limiting its scope.

EXAMPLE 1
[0047] This example demonstrates the effectiveness of dual metal polishing rate modifier
agents, using 9,10-anthraquinone-1,8-disulfonic acid (1,8-AQDSA) as a first metal polishing
rate modifier agent and hydrogen peroxide as a second metal polishing rate modifier agent, in
polishing substrates containing tantalum and copper.
[0048] Similar substrates comprising tantalum and copper were polished on a Logitech
tabletop polisher with an EPIC™ D100 pad (Cabot Microelectronics, Aurora, lllinois) with
different polishing compositions (Poli.shing Compositions 1A-1E). The tool conditions were
102 rpm platen speed, 110 rpm cartier speed, 24.7 kPa (3.58 psi) down force, and 100mE/min
polishing composition flow.
[0049] Each of the polishing compositions contained 4 wt.% colloidal silica and 0.08 wt.%
of the potassium salt of 1,8-AQDSA and were adjusted to pH 2.2 using nitric acid. Polishing
Composition 1A (comparative) did not contain a second metal polishing rate modifier agent.
Polishing Compositions 1B, 1C, 1D, and 1E (invention) contained 25 ppm, 50 ppm, 100 ppm,
and 500 ppm of hydrogen peroxide, respectively.
[0050] The removal rates {RR) for copper for each of the chemical-mechanical polishing
compositions were determined, and the results are summarized in Table 1 as averages of

multiple polishing experiments.
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polishing compositions were determined, and the results are summarized in Table 2 as averages

of multiple polishing experiments.

Table 2: Copper and Tantalum Removal Rates with 1,8-AQDSA and KIO;

Polishing KIOQ; (ppm) KIO; (mM) Ta RR. (A/min) | CuRR (A/min)
Composition

ZA 0 0.0 | 620 150
(comparative)

2B (invention) |25 0.12 726 233

2C (invention) | 100 0.47 696 321.
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i ncrease the Cu renoval rate and that the Cu renoval rate can be
tuned by varying the concentration Fe(ll11). EXAMPLE 10 [0092] Thi s
exanpl e denonstrates the synergistic effect of an organi c oxidizer as
a first netal polishing rate nodifier agent and a halide (iodide) as
a second netal polishing rate nodifier agent when used in a polishing
conposition containing two netal polishing rate nodifier agents.

[ 0093] TECS and copper bl anket wafers wgre polished on a Logitech

tabl etop polisher with different polishing conpositions (Polishing
Conposi tions 10A-10C). [0094] Each of the polishing conpositions
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cont ai Fflcé%i/%ed;%l Nt é/eééghél‘éa:l ?agﬁ:ﬁ{nggih?ga%dgg&%l :}%ﬂ%?%sj i n}\g@g#i gflr%{);frg f&%val
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contl B0 08l it dy e RN A O QAT RO SRS e (0095 The
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pol i shing conpositions were deternj pEd the results are

summari zed in Table 9. Conner Renobval Rate Polishing Conposition

1, 8- AQDEIST] wt . This pxduiple deppngiratss tmreffestivensys alpiuat ws a@]gﬁxiqgéjiteﬁmfgﬁer

none 1Q99.49 %sfn%qu?ﬁ@éﬁ( &9 a Brd $hdh PSlishing rate modifier agent (1% MPRM agent) with
either potassium iodate or 2,5-dihydroxybenzoquinone as a second metal polishing rate modifier
agent (2™ MPRM agent), in polishing substrates containing tantalum and copper.
[0058] Similar substrates comprising tantalum and copper were polished on a MIRRA™
polishing tool (Applied Materials) with a Polytex pad from Rodel with different polishing
compositions (Polishing Compositions 3A-3C). The tool conditions included a 10.3 kPa (1.5
psi) down force.
[0059] Each of the polishing compositions contained 1 wt.% colloidal silica and 0.08 wt.%
1,8-AQDSA, and were adjusted to pH 2.8 with nitric acid. Polishing Composition 3A
(comparative) further contained 0.05 wt.% BTA. Polishing Composition 3B (invention)
contained 0.04 wt.% BTA and 2 mM 2,5-dihydroxybenzoquinone. Polishing Composition 3C
(invention) contained 0.01 wt.% BTA and 0.01 wt.% (0.47 mM) potassium iodate.
[006¢] The removal rates (RR) for copper and tantalum for each of the chemical-mechanical

polishing compositions were determined, and the results are summarized in Table 3.

Table 3: Copper and Tantalum Removal Rates

Polishing 2" MPRM Agent Ta RR (A/min) Cu RR (A/min)
Composition

3A (comparative) norne 532 25

3B (invention) 2,5-dihydroxybenzoquinone | 435 55.

3C (invention) potassium iodate 431 37

[0061] The results indicate that the slurries containing dual metal polishing rate modifier
agents have increased Cu removal rates and slightly reduced Ta removal rates when compared to

shurries with 1,8-AQDSA alone.
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[0066) The results indicate that increasing todate concentrations from 0 to 500 ppm lead to

increased copper removal rates in a linear fashion from 65 to 229 A/min (R2=86%).
Additionally, the Ta removal rate linearly increased with increasing concentrations of KI0;
(R?=99.7%), but with a much higher slope (1.8 for the Ta removal rate as compared to 0.3 for
the Cu removal rate). Hence, with a polishing composition comprising these two metal
polishing rate modifier agents, both the Cu removal rate and the Ta removal rate can be tuned

simultaneously with different Ta to Cu selectivities being achieved.
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EXAMPLE 5

[0067] This example demonstrates the effectiveness of dual metal polishing rate modifier
agents, using 1,8-AQDSA as a first metal polishing ralte modifier agent and 1,2-naphthoquinone-
4-sulfonic acid (NQSA) as a second metal polishing rate modifier égent, in polishing substrates
containing tantalum and copper.
[0068] Similar substrates comprising tantalum and copper were polished on a Logitech
tabletop polisher with a Politex polishing pad with different polishing compositions (Polishing
Compositions 5A-5D). The tool conditions were 102 rpm platen speed, 110 rpm carrier speed,
9.31 kPa (1.35 psi) down force, and 150 mL/min polishing composition flow.
[0069] Each polishing composition contained 1 wt.% colloidal silica (50 nm particle size),
0.05 wt.% of the potassium salt of 1,8-AQDSA, and 1000 ppm BTA, and the pH was adjusted to
2.2 with nitric acid. Polishing Composition SA (comparative) did not contain a second metal
polishing rate modifier agent. Polishing Compositions 5B, 5C, and 5D (invention) contained
125 ppm, 250 ppm, and 500 ppm of NQSA, respectively.
[0070] The removal rates (RR) for copper and tantalum for each of the chemical-mechanical

polishing compositions were determined, and the results are summarized in Table 3.

Table 5: Copper and Tantalum Removal Rates with 1,8-AQDSA and NQSA

Polishing NQSA NQSA Ta RR CuRR Ta/Cu Rate
Composition | (ppm) (M) (A/min) (A/min) Selectivity
5A 0 0 669 36 17.6
{comparative) '
5B 125 0.48 745 53 14.1
{invention)
5C | 250 0.96 814 221 37

| (invention)
5D 500 1.92 | 802 721 1.1
(invention) '

[0071] The results indicate that increasing amounts of the second metal polishing rate
modifier agent, NQSA, ranging from 0 to 500 ppm, correlate with increased copper removal
rates in a linear fashion. The removal rafe for Ta does not correlate with increasing amounts of
NQSA at the levels tested. Hence, by using a polishing composition comprising these two metal
polishing rate modifier agents, the Cu removal rate can be tuned independently to that of Ta,

achieving Ta to Cu selectivities ranging from 18 to 1.
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renmoval rates can be achieve by varying the amounts of ICl and
chloranilic acid. EXAMPLE 12 [0103] This exanpl e denonstrates the
effectiveness of two netal polishing rate nodifier agents and a
halide as a third netal polishing rate nodifier agent, using
1,5-AQDSA as the first netal polishing rate nodifier agent, 12 as the
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the third polishing rate nodifier gRaAmMpBLE® polishing substrates
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07/018980 22 [Q105] The, renoval, rates. (RR) for
copper [8@¢! eadipcbf thepolifting eampﬂ%%?fﬁﬁpe@rmg& Wtsa?ﬁi*”»ﬁg"@&é‘?‘éﬁ?aflﬂg?n@ wt.%
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dihydroxy-1,4-benzoquinone, respectively. In all polishing compositions tested, the conditions
were sufficient to clear the Ta from the wafer.
[0075] The removal rates (RR) for copper and TEOS for each of the chemical-mechanical

polishing compositions were determined, and the results are sumimarized in Table 6.

Table 6: Copper and TEOS Removal Rates with 1,8-AQDSA and DHBQ

Polishing DHBQ (ppm) Cu RR (A/min) TEOS RR (A/min)
Composition

6A (comparative) 0 58 231

6B (invention) | 50 . 135 2359

6C (invention) 100 144 250

6D (invention) 300 302 254

[0076} The results indicate that Witil the addition of the second metal polishing rate modifier
agent, 2,5-dihydroxy-1,4-benzoquinone, to a polishing composition containing 1,8-AQDSA, the
copper removal rates can by tuned in a large range. The results further indicate that the oxide
rate does not change significantly.

EXAMPILE 7
[0077] This example demonstrates the effectiveness of two metal polishing rate modifier
agents, using 1,8-AQDSA as a first metal polishing rate modifier agent (1** MPRM agent) and
ammonium persulfate (APS), potassium triiodide (KI3), potassium permanganate (KMnQy), or

I,'malonamides as a second metal polishing rate modifier agent (2™ MPRM agent).
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and 150 ppm KJ, respectively. The KI; was made by mixing an equal molar amount of KI and

T» as a 1% concentrate in water prior to addition to the polishing composition. Polishing
composition 7H (invention) contained 50 ppm malonamide and 20 ppm L.
{00801 The removal rates (RR) for copper and TEOS for each of the chemical-mechanical

polishing compositions were determined, and the results are summarized in Table 7.

Table 7: Copper and TEOS Removal Rates

Polishing 2™ MPRM Concentration | CuRR (A/min) | TEOS RR

Compaosition Agent {ppm) {A/min)

TA none —- 65 153

{comparative)

7B {invention) | APS 450 | 80 230

7C (invention) | APS 2300 343 343

7D (invention) | KMnOy 600 388 174

7E (invention} | KMnOj4 1000 972 177

7¥ (invention) | Kls 50 346 192

7G (inveniion) | K13 150 433 93

7H (invention) | Irymalonamides | 20 (I)/50 197 --
(malonamide)

[0081} The results, shown in Table 7, indicate that the addition of the second metal polishing

rate modifier agent increases the copper removal rate over the base polishing composition

containing the 1,8-AQDSA alone. The results further indicate that the concentration of the

second metal polishing rate modifier agent can be varied to tune the copper removai rate as well.
EXAMPLE 8

[0082] This example demonstrates the effectiveness of dual metal polishing rate modifier

agents in the presence of a halide ion.



23 1, 5- AQDSA. Pol i shing Compositions 13B-13D contained 0.1 w. %

9, 10- ant hr aqui none-2, 6- disulfonic acid (2,6-AQSA) and 20 ppm 40
ppm and 100 28¢%H2T421 respecti vely. Polishing Conpositi diETIBR007/018980
contained 0.15 w. % 2, 6- AQDSA and 60 ppm KI. Polishing Conpositions
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[6084] Polishing Compositions 8A and 8B contained 4 wt.% colloidal silica, 500 ppm BTA,
and 40 ppm potassium iodide, and the pH was adjusted to 2.2 with nitric acid.
[0085] Polihsing Composition 8A further comprised 0.08 wt.% of the potassium salt of 1,8~
AQDSA and 20 ppm L. The removal rate for copper was 128 A/min. The use of halide anions
as a second metal polishing rate modifier agent (such as iodide anions) in conjunction with a
first metal polishing rate modifier agent (such as 1,8-AQDSA) can more effectively polish
copper containing substrates as compared to the use of only one metal polishing rate modifier
agent.
(0086} Similarly, Polishing Composition 8B contained 0.2 wt.% of 1 S-AQDSA and 500
ppm chloranilic acid. The removal rate for copper was 1009 A/min.

EXAMPLE 9
[0087] This example demonstrates the effectiveness of dual metal polishing rate modifier
agents, using 1,8-AQDSA and iron (III) malonate [Fe(IIN)(Ma)s], in polishing substrates
containing tantalum and copper.
[0088] TEOS and copper blanket wafers were polished on a Logitech tz_ibletop polisher with
an IC1010 polishing pad with different polishing compositions (Polishing C‘ompositions 9A-9E).
The tool conditions were 100 rpm platen speed, 110 rpm catrier speed, 10.3 kPa (1.5 psi) down
force, and 70 mL/min polishing composition flow. .
[0089] Each polishing composition contained 4 wt.% colloidal silica, 800 ppm 1,8-AQDSA,
and 500 ppm BTA, and the pH was adjusted to 2.2 with nitric acid. Polishing Composition 9A
(comparative) did not contain a second metal polishing rate modifier agent. Polishing
Compositions 9B-9E (invention) were prepared by adding various amounts of an aqueous
solution containing 1:3 Fe(III) nitrate nonahydrate:malonic acid. Polishing Compositions 9B-OE
contained 0,125 mM, 0.5 mM, 2.5 mM, and 10 mM Fe(Il), respectively.
[0090] The removal rates (RR) for copper and TEOS for each of the chemical-mechanical

polishing compositions were determined, and the results are summarized in Table 8.
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denonstrates the effectiveness of dualjgnmetal polishing rate nodifier

~.

( MPRM Tgﬂs@t TRBRRlEds ﬁgﬁ%@%ﬂé&wgs A@éé%] ﬁdemﬂfstz TECS and
coppefpyerets—ana pat F%ém)btﬁm EI'S W {Mlﬁp
Conmpo n conducte on the Log| eeh tool
with f mgﬁe—arused—r‘n—'@ﬂnpue T Eachgygaf er Type wa
polis M"iloﬂfsbmu osttor for ou beC’OHJBS YO
2 m (o » LY oQN 24 .DNO1A1 T
2008/ I 100 0000 24— PSTE rrac,ll of—ttre leQerl mg
\1‘, T C T

i WX@ fai
Corrpo T I IO CAT LM}
150 p'\ﬂDlﬁ'ﬁKent

1
] hg—14
nitri ¢2% ,{51_1}4{611 Fshig A—{corparattvye—dtra—rot—cont=

any addh ) onal addi 1,5; @Eﬁgg;googgosmon R M

res peChio\dﬁiey agé?@ kd ﬁxlafdage ﬁemm&niomrratejaﬂ&ﬂmme(@mmmbm)e @oedineddy
0.125 IM 2.5 F\/’II nd 10 nN1 of NQSA, respectively.
Pol i shi"’f’f@[‘n@&ﬁﬁﬁ%‘}“ﬁ%ﬂ?n #9UN1 (i nvention) contained 0.125 nM 0.5 nM
2.5 MM and 10 nmM of 1(25202 res@CAMPéIEyIO Pol i shing Conpositions
14N- 14 l.on) cQn anl\(l of
Fe( Ma) g’ (9?'@5 pettt Vg"@@e% ‘i?f?‘f 35 Sl%vgfsg o(féﬁ%r#agm %’%%per:aga%t
TECS f gfetdt polistirg fabeemodidiet agednt WM1®£odpbb ashsargnd myepd polishingratger e
determn and the results ar I L0y | LN,
he | Bfegttsr Apgpeorhen oo o RaleP B FaT R A G e PRt kel i g hd
fiel d- adfodifieragerde | oss was cal cul ated. TECS and Cu Renpbval Rates
Pol i sh Wb%S]CO rmpébé and copper blanket wafers were polished on a Logitech tabletop polisher with
different polishing compositions (Polishing Compositions 10A-10C).
[0094] Each of the polishing compositions contained 4 wt.% colloidal silica and 500 ppm

i3S OITIba, 860 WTJ. —8- H\uo/-\
pH—wers aujuahw to 22 wit

BTA, and the pH was adjusted to 2.2 with nitric acid. Polishing Composition 10A did not
contain any additives. Polishing Composition 10B (invention) contained 0.08 wt.% 1,8-
AQDSA. Polishing Composition 10C (invention) contained 0.08 wt.% 1,8-AQDSA and 40 ppm
patassium iodide.

[0095] The removal rates (RR) for copper for each of the chemical-mechanical polishing

compositions were determined, and the results are summarized in Table 9.

Table ©: Copper Removal Rates

Polishing 1,3-AQDSA (wt.%) | Halide (ppm) Cu RR (A/min)
Composition

10A (comparative) | none none 100

10B {comparative) | 0.08 none 46

10C (invention) 0.08 40 231

[0096] The results indicate that the addition of potassium iodide significantly increases the
Cu removal rate when compared to a polishing composition containing 1,8-AQDSA. alone.

Additionally, the data indicate that iodide ion may be working as a catalyst of some kind with



2nd mpRm Agent TEGCS RR (A/min) Cu RR (Ajmn) Field-ArrayOkide Loss (5
pm Ratio of Cu RRField Array Oxi de Loss 14A (conparative) none 214
59 166 0. 38940BAF41 nvention) 0.125 in. M K103 208 12 138 T0IVRGYISPAC
(invention) 0.5 nM KI03 237 79 90 0.8778 14D (invention) 2.5 mM K103
244 1366 237 5.7637 14E (invention) 10 mM K103 259 1906 296 6.4392
14F (invention) 0.125 nmM NQSA 230
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1,8-AQDSA. Usually, 1,8-AQDSA does not oxidize copper. However, in the presence of very

small amounts of iodide ion, significant copper removal rates are observed.
EXAMPLE 11

[0097] This example demonstrates the effectiveness of a polishing composition containing
two metal polishing rate modifier agents wherein 1,5-AQDSA. is the first metal polishing rate
modifier agent and a halide is the second metal polishing rate modifier agent; and of a polishing
composition containing two metal polishing rate modifier agents and a halide ion as a third
metal polishing rate modifier agent, wherein 1,5-AQDSA is the first metal polishing rate
modifier agent, chloronilic acid is the second metal polishing rate modifier agent, and iodide,

" chloride, and bromide are the halide ions that represent the third metal polishing rate modifier
agent, in polishing a substrate containing copper.
[0098] Copper blanket wafers were polished on a Logitech tabletop polisher with an EPIC™
D100 pad (Cabot Microelectronics, Aurora, Illinois) with different polishing compositions
(Polishing Compositions 11A-11K). The tool conditions were 100 rpm platen speed, 110 rpm
carrier speed, 10.3 kPa (1.5 psi) down force, and 80 mL/min polishing composition flow.
[0100] Each of the polishing compositions contained 4 wt.% colloidal_silica, 0.2 wt.% 1,5-
AQDSA, and 500 ppm BTA, and the pH was adjusted to 2.2 using ammonium hydroxide. The
1,5-AQDSA. was prepared from the sodium salt (TCI America, Portland, Oregon) and passed
through an ion-exchange column packed with Purolite NRM-160, a sulfonated polystyrene resin
{Purolite, Bala Cynwyd, Pennsylvania). Polishing Composition 11A (comparative) did not
contain any additives. Polishing Compositions 11B-11D (invention) contained 0.241 mM
potassium iodide, potassium chloride, and potassium bromide, respectively. Polishing
Compositions 11E and 11G (invention) contained 5 ppm KI with either 100 ppm or 400 ppm
chloranilic acid, respectively. Polishing Composition 11F (inventioh) contained 13 ppm KI and
250 ppm chloranilic acid, respectively. Polishing Compositions 1 1H and 111 (invention)
contained 20 ppm KI with either 100 ppm or 400 ppm of chloranilic acid, respectively.
Polishing Compositions 11J and 11X (invention) contained 40 ppm Ki with either 100 or 400
ppm of chloranilic acid, respectively.
[0101] The removal rates (RR) for copper for each of the chemical-mechanical polishing

compositions were determined, and the results are summarized in Table 10.
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Table 10: Copper Removal Rates
Polishing Halide Halide (ppm) | Chloranilic Acid | Cu RR (A/min)
Composition " i (ppm)
11A none | none none 34
(comparative)
11B (inventiom) K1 40 none 231
11C (invention) KCl 18 none 91
11D (invention) KBr 29 none 71
11E (invention) K1 5 100 334
11F (invention) KI 13 250 602
11G (invention) Kl S 400 246
11H (invention) K1 20 100 326
111 (invention) K1 20 400 678
11J (invention) K1 40 100 519
11K (invention) KI 40 400 848

[0102] The results show that KI, KXCl, and KBr increase the Cu removal rates over the base
polishing composition. Furthermore, the addition of chloranilic acid and KI allows even higher
removal rates, and a large range of Cu removal rates can be achieve by varying the amounts of
K1 and chloranilic acid.

EXAMPLE 12
[0103] This example demonstrates the effectiveness of two metal polishing rate modifier
agents and a halide as a third metal polishing rate modifier agent, using 1,5-AQDSA as the first
metal polishing rate modifier agent, I> as the second metal polishing rate modifier agent, and
potassium iodide as the third polishing rate modifier agent, in polishing substrates containing,
copper.
[0104] The polishing conditions were as described in Example 11. Each of the polishing
compositions 4 wt.% silica and 500 ppm BTA, and the pH was adjusted to 2.2 with nitric acid.
Polishing Cc;mposition 12A (comparative) contained 800 ppm of l,S—AQDSA. Polishing
Composition 12B (comparative) contained 40 ppm KI. Polishing Composition 12C
(comparative) contained 20 ppm L. Polishing Composition 12D (comparative) contained 800
ppm. 1,5-AQDSA. Polishing Composition 12E (invention) contained 40 ppm KI and 20 ppm I.
Polishing Composition 12F (invention) contained 800 ppm 1,5-AQDSA and 40 ppm KI.
Polishing Composition 12G (invention) contained 800 ppm 1,5-AQDSA and 20 ppm L.
Polishing Composition 12H (invention) contained 800 ppm 1,5-AQDSA, 20 ppm I, and 40 ppm
KI.
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[0105} The removal rates (RR) for copper for each of the chemical-mechanical polishing

compositions were determined, and the results are summarized in Table 11.

Table 11: Copper Removal Rates

Polishing 1,5-AQDSA K1 (ppm) I (ppm) Cu RR (A/min)
Composition (ppm)

12A none none none 124
(comparative)

12B none 40 none 130
(comparative)

12C ‘ none none 20 137
{comparative) )

12D 800 none none o4
{comparative)

12E none 40 20 150
(comparative)

12F (invention) | 800 40 none 261
126 (invention) | 800 none 20 239
12H (invention) | 800 40 20 287

[0106] The results indicate that there is a synergistic effect of combining KI and another
metal polishing rate modifier agent. For example, the polishing rate for KJ as the sole metal
polishing rate modifier agent showed very low removal rates (average 130 A/min). The rate for
1,5-AQDSA as the sole metal polishing rate modifier agent also showed very low removal rates
(average of 94 A/min). But the rate for KI in combination with 1,5-AQDSA gave a greater than
additive response for the removal rate (average of 261 A/min). The results also indicate that
there is an increase in the Cu removal rate when I, is added as a metal polishing rate modifier
agent. However, at the low concentrations used in this experiment, the removal rate
enhancement is very low. Only when I was used in combination with KI were the removal
rates significantly enhanced.

EXAMPLE 13
[0107] This example further demonstrates the effectiveness of a first metal polishing rate
modifier (1% MPRM) agent and a halide as a second metal polishing rate modifter (2" MPRM)
agent in polishing substrates containing tantalum and copper.
[0108] Similar substrates comprising tantalum and copper and TEOS were polished under
the polishing conditions described in Example 11 with Polishing Compositions 13A-13H. Each
of the polishing compositions contained 4 wt.% silica and 500 ppm BTA, and the pH was
adjusted to 2.2 with nitric acid. Polishing Composition 13A {comparative) contained 0.2 wt.%
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[0110] The results furfher indicate an advantage of using a halide as a metal polishing rate

modifier agent in conjunction with 2,6-AQDSA as a metal polishing rate modifier agent for the

removal rate of Cu and Ta. The data indicate that the composition of the invention allows for

the independent variation of Cu removal rates versus the Ta or TEOS removal rates.
EXAMPLE 14

[0111] This example further demonstrates the effectiveness of dual metal polishing rate

modifier (MPRM) agents on pattern wafer polishing.

{0112] Blanket TEOS and copper wafers and patterned wafers were polished with Polishing

Compositions 14A-14Q. Polishing was conducted on the Logitech tool with the same

conditions as used in Example 11, Each wafer type was polished with the various compositions

for 60 seconds.
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14A none 214 59 166 0.3554
(comparative)
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Hc 0.5 mM KIO; 237 79 90 0.8778
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14F (invention) | 0.125 mM NQSA | 230 85 192 0.4427
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593 15AB (conparative) none none 6 16 89 15AC (conparative) none 0.9
mM | r mal onam de3 256 287 836. 15AD (invention) 1,5-AQSA 0.9 mM

| r mal onam Wex0wRZ742P8 1285 15AE (conparative) none 1. 8FGHNRASACHYDOIZ
398 745 15AF (invention) 1,5-AQDSA 1.85 nmM K2S20s 157 608 520 15A0
(conparative) none 0.9 inMIC28208 755 679 517
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. Ratio of Cu

_— Field-Array .
Polishing nd TEOSRR | CuRR . RR:Field
Composition 2" MPRM Agent (A/min) (A/min) Oxide Loss Array Oxide

(5 um) Loss

14N 0.125 mM |
(invention) Fe(Ma), 271 85 211 0.4028
140
(inveation) 0.5 mM Fe(Ma); | 311 122 448 0.2723
14P (invention) { 2.5 mM Fe(Ma)s | 453 187 599 0.3122
14Q
(invention) 10 mM Fe{Ma); 422 247 763 0.3237

[0115] It is desirable to polish pattern wafers so that the difference between the field oxide
loss and array oxide loss is small. This desired result is often difficult when polishing
compositions are formulated to have high copper removal rate. Frequently it is observed that the
higher the copper removal rate, the higher the field-array oxide loss.
[0116] The results in Table 13 indicate that NQSA (1,4-naphthaquinone sulfonic acid) and
potassium jodate provide superior results to potassium persulfate and Fe(Ma); (iron malonate)
when used as metal polishing rate modifier agents. High ratios of Cu removal rate to the field-
array oxide loss are desirable. Thus, under the above described conditions it is preferable for
one of the metal polishing rate modifier agents to be selected from organic quinones and
inorganic main group oxidizers, and not of the per- or transition metal-type oxidizers.
EXAMPLE 15
[0117] This example demonstrates the usefulness of the CMP composition of the invention
in reducing defectivities when polishing substrates containing barrier materials with hard pads.
{0118] Two TEOS blanket wafers were polished on a MIRRAT™ polishing tool (Applied
Materials) for 60 seconds with an EPIC™ D100 pad (Cabot Microelectronics, Aurora, Illinois)
(i.e., a hard pad) and a Politex pad (i.e., a soft pad) with different polishing compositions
(Polishing Compositions 15A-15C). The tool conditions were 103 rpm platen speed, 97 1pm
carrier speed, 10.3 kPa (1.5 psi) down force, and 200 mL/min polishing composition flow.
[01191 Polishing Composition 15A (comparative) contained 4 wt.% silica, 500 ppm BTA,
and 800 ppm of 1,5-AQDSA, and the pH wasvadjusted to 2.2 with nitric acid. Polishing
Composition 15B (invention) contained 4 wt.% silica, 500 ppm BTA, 800 ppm of 1,5-AQDSA,
17 ppm Iz, and 34 ppm K1, and the pH was adjusted to 2.2 with nitric acid. Polishing

Composition 15C (comparative) was a commercial hydrogen peroxide-based polishing



15AH (invention) 1,5-AQDSA 0.9 mM K28208 169 643 591 15Al
(conparative) none 1.85 nmM H202 155 515 583 15AJ (i nvention)

1, 5- AQDSA WOgBsiia74Rl H202 167 256 688 15AK (conpar at i ve)PGTOHaUI®IHST NM
11202 143 791 610 15AL (invention) 1,5-AQDSA 18.5 mM H202 196 311 420
15AM (conparative) none 185 mM H202 299 992 740 15AN (invention)
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composition having high solids content and high pH (i-Cue™ 6678-A12, Cabot

Microelectronics Corporation).

[0120] The wafers were inspected for defects using an SP1 KLA-Tencor (XLA-Tencor, Inc.,,
San Jose, California) dark field blanket wafer inspection tool, The output is a normal and
oblique measurement count that is a measure of defectivity; higher defects cormrelate to higher
normal and oblique measurement counts. The average normal and oblique counts are reported

for each of the two wafers polished per experiment in Table 14.

Table 14: Defectivity Values with Soft and Hard Pads

Polishing Pad Normal Count Oblique Count
Composition

15A (comparative) | Politex (soit) 2618 5498

15B (invention) Politex (soft) 2933 5346

15C (comparative) | Politex (soft) 10497 9336

15A (comparative) | D100 (hard) 18491 23500

158 (invention) D100 (hard) 20143 36872 -

{0121} The results indicate that the polishing composition of the invention exhibits a low
number of defects compared with the hydrogen peroxide-b;a.sed polishing composition on the
soft pad, The defectivity on the hard pad is higher, as expected, but surprisingly, still within an
acceptable range.

EXAMPLE 16
[0122] This example further demonstrates the effectiveness of dual metal polishing rate
modifier (MPRM) agents on pattern wafer polishing.
[0123] Similar substrates comprising thin films of Cu, Ta, or TiN on silicon were polished
one Logitech tabletop polisher with a EPIC™ D100 pad (Cabot Microelectronics, Aurora,
Tilinois) with different polishing compositions (Polishing Compositions 16AA-16BG). The tool
conditions were 102 rpm platen speed, 110 rpm carrier speed, 10.3 kPa (1.5 psi) down force, and
100 mL/min polishing composition flow.
[0124] Each of the polishing compositions contains 4 wt.% colloidal silica (Nalco 50 nm
diameter) and 500 ppm of BTA. Polishing compositions of the invention contained 5.4 mM 1,5-
AQDSA as the first metal polishing rate modifier agent and a second metal polishing rate
modifier agent as set out in Table 15, and the pH was adjusted to 2.8 with ammonium
hydroxide. Comparative polishing compositions that do not confain a first metal polishing rate

modifier agent were adjusted to a pH of 2.8 with nitric acid.



1, 5- AQDSA 185 inM H202 315 478 363 15A0 (conparative) none 1.85 nM
1(1033 459 647 722 15AP (invention) 1,5-AQ@SA 1.85 n/v1l 7(103 139 657
441 15AQ (worrpwsroatszve) none 1.85 nM Oxone 1660 341 424 PLIGAR2007/018980
(invention) 1,5-AQDSA 1.85 nM Oxone 383 424 558 15AS(i nventi on)
1,5-AQDSA 1.85 nmN ... 12-rmal onam de3 853 161 500 WO

2008/ 027421PCT/ US2007/ 018980
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{0125} The removal rates (RR) for copper, tantalum, and TiN for each of the chemical-

mechanical polishing compositions were determined, and the results are summarized in Table

15.

Table 15: Copper, TiN, and Tantalum Removal Rates

Polishing 13 MPRM 2" MPRM CuRR TiNRR | TaRR
Composition | Agent Agent (A/min) (Afmin) | (A/min)
15AA 115AQDSA | none 47 130 593
(comparative) | ’

15AB . none none 16 89 6
(comparative)

15AC 0.9 mM

(comparative) | “°"° 1, -malonamides | 2>° 287 836
15AD 0.9 mM

Goventiony | #0APSA | 1 matonamides | 467 128 1285
15AE 1.85 mM

(comparative) | "O1° K505 998 745 398
15AF 1.85 mM

(invention) 1,5-AQDSA | ¢ o 04 157 608 520
15AG 0.9 mM

(comparative) | "°7° | K2S,04 755 679 517
15AH 0.9 mM 501
(invention) L3-AQDSA | ¢ 5.0 169 643

ISAL | one 1.85 mM H;0; | 155 515 583
{comparative)

15A7

(nvention) | LTAQDSA [ 1.85 mM L0, | 167 256 688
15AK . none 18.5 mM HO, | 143 791 610
(comparative)

15AL

(invention) 1,5-AQDSA 12.5 mM HoQ, | 196 311 420
15AM oy none 185 mM H,O, | 299 992 740
(compardtive)

15AN _ .

(nvention) | 1>-AQDSA | 185mM 0, | 315 | 478 363
ISAO | none 1.85 nMKIO; | 459 647 792
{(comparative)

I5AP 1,5-AQDSA 1.85nM KIO; | 139 657 441
(invention)

15AQ 1.85 nM ‘

(comparative) | "O™¢ Oxone 1660 341 424
I5AR 1.85 nM

(invention) | > APSA | byone 383 424 558
15AS 1.85 mN

(invention) 1,5-AQDSA | - onamides | 55 161 500




28 Pol i shing Conposition | MPRM Agent 2nd MPR/ vl Agent Cu RR (km n)
TIN RR (kinin) Ta RR (AJm n) 15AT (conparative) none 1.85 nmN

Chl or ani | i W028i8¢2M39 122 492 15AU (i nvention) |, 5- AQDSACI/EBIT|18980
Chloranilic acid 209 85 633 15AV (conparative) none 1.85 TIM Fe(NO33) 3

86 18 82 15AW (invention) |,5-AQDSA 1.85 n_M,...ekINl/4,,, n. %
rv3)3 285 141 69 15AX (conparative) none 1.85 nlvl KC O3
28
Polishing 1¥MPRM 2" MPRM CuRR | TINRR | TaRR
Composition | Agent Agent (A/min) (A/min) | (A/min)
15AT 1.85 mN
(comparative) none Chloranilic 139 122 492
P acid

1.85mN
Eiflﬁglﬁon) 1,5-AQDSA Chloranilic 209 85 633

acid
15AV 1.85 nM
(comparative) none Fe(NOs)s 86 32 18
15AW 1.85 oM
(invention) 1,5-AQDSA Fe(NOs)s 285 141 69
15AX 1.85 oM
(comparative) | " KCIO; 76 213 613
15AY 1.85nM
(invention) 1,5-AQDSA KCIOs 102 140 573
15AZ 1.85nM
(comparative) | »7° +-BuOOH B4 161 475
15BA 1.85 nM
Gmvention) | 17AQDSA | puoon 58 140 529
15BB 1.850M
(comparative) none KBrO; 227 730 571
15BC 1.85 nM
(invention) 1,5-AQDSA KBrOs 185 152 533
ISBD | e | 1.85 aM NMO | 28 140 18
(comparative)
éifﬁfnﬁon) 1,5-AQDSA | 1.85nM NMO | 37 211 221
15BF 1.85
{comparative) none Ce(TV)(S04)4 49 40 43
15BG 1.85
(nvention) | 2 AQDSA | corvy(s0a. | 2 182 231
[0126]  The results demonstrate that, when no metal polishing rate modifier is present, as in

Polishing Composition AB, the polishing rates for Ta, Cu, and TiN are very low. When one
metal polishing rate modifier agent is present, i.e., 1,5-AQDSA as in Polishing Composition
AA, effective polishing rates for Ta are observed, but the polishing rates for Cu and TiN are -
low. In order to obtain acceptable rates on these two diverse materials, 2 combination of metal
polishing rate modifier agents is required. Moreover, by carefully choosing the metal polishing
rate modifier agents and their respective concentrations, the desired rates for Ta, Cu, and TiN
can be selected and tuned.

[0127] Metal polishing rate modifier agents useful for polishing TiN include AQDSA, HyOx,

iodate, oxone, J;malonamide, chloranilic acid, perchlorate, #-~-BuOOH, and bromate. Metal



76 213 61_3 15AY (invention) 1,5-AQDSA 1.85 nNI KC103 102 140 573 15AZ
(conparative) none 1.85 nMt-BuOOH 84 161 475 15BA (i nvention)

1, 5- AQDSA WOg8usiRf421 BuOOH 58 140 529 15BB (conpar at i ve)PGTHita0iT/ 08550

nl VI KBrG3 227 730 571 15BC (invention) 1,5-AQDPSA 1.85 nM K BrG3 185
152 533 15BD (conparative) none 1.85 nNI NMO 28 140 18
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polishing rate modifier agents useful for polishing copper include I;:malonamides, persulfate,

iodate, oxone, chloranilic acid, and bromate.
10128] Preferred combinations for polishing compositions requiring tunable Ta, Cu, and TiN
removal rates include AQDSA and I,ymalonamides, iodate, oxone, perchlorate, bromate, a}xd n-
methlylmorpholine-N-oxide.

EXAMPLE 17
[0129] This example demonstrates the effectiveness of dual metal polishing rate modifier
agents 1,5-AQDSA and I,'malonamide; in the presence of a second oxidizing agent.
{0130} The polishing conditions were the same as Example 16. Polishing Composition 16
contained 4 wt.% colloidal silica, 500 ppm BTA, 5.4 mM 1,5-AQDSA, 0.9 mM I,-malonamides,
and 185 mM H,0..
[0131]  The removal rates were 486 A/min for copper, 775 A/min for TiN, and 58 A/min for
Ta. Therefore, the presence of another metal polishing rate modifier agent in addition to 1,5-

AQDSA. and Iymalonamide; significantly increases the polishing rate for the barrier layer TiN.



15BE (invention) 1,5-AQDSA 1.85 nM NMO 37 211 221 15BF (conparative)
none 1.85 Ce(lV)(SO4)4 49 40 43 15BG (invention) 1,5-AQSA 1.85
Ce(lV)(SO404 42 182 231 [0126] The results denonstrate that, when no
nmetal polishing rate nodifier is present, as in Polishing Conposition
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metal pol | Shen§bF Mﬂeﬂm@n SR TR S aaPFo R SRES A onen " ana

| 2rmal onami @EZRIEE ERRY.cant |y i ncreases the polishjng rate for the
bat her | ayer 3TMKe matha@ af edaim 2, wherein the second agent 1s

selected from the group consisting of dihy droxybenzoqmno-
nes, naphthoquinones, chloranilic acid, and dichloroindophe-
nol.

4. The method of claim 2, wherein the 'second agent is
selected from the group consisting of n- methy]morphohne-
N-oxide and t-butyl peroxide.

5. The method of claim 1, wherein the sccond agent is an
inorganic agent.

6. The method of claim 5, wherein the second agent is
selected from: the group consisting of hydrogen perox1de
iodate salts, persulfate salts, pennancranate salts, I, inorganic
salts of iron (I1I), organic salts of iron (I1D), and potassium
peroxymonosulfate.

7 The method of claim 5, wherein the second agent is
selected from the group consisting of perchlorate salts bro-
mate salts, and cerium (I-V) sulfate.

8. The method of claim 1, wherein the composition further
comprises a halide & selected from the group consisting of
chloride and bromide. - N

0 The method of claim 1, wherein the composition further

comprises jodide.



1. A nethod of chem cal -mechani cal polishing conprising: 0) providing
a substrate having at |east two netals; (ii) providing a polishing
conposition conprising: (a) an abrasive, (b) a first netal polishing
rate nodifier agent having a standard reduction potential |ess than
0.34 Vrelative to a standard hydrogeﬁlelectrode wherein the first
metal polishing rate nodifier agent is a quinine an mthraqui none

sel ected fromthe group consisting of

9, 10- ant hr aqui none-1, 8-di sul fonic acid, 9, 10-anthraqui none-1

, 5-disul fonic acid, 9, 10-anthraqui none-2, 6-disulfonic acid, and

salts thereof, (CloaAQﬁé%@ dRilRimieal tr@@hﬁ@lcalapehsmﬂgfdom régent
havi ng a standar reductr on potentr al greater than 0.34 V relative to

a standard hydro eletrode ,gl (iii)
contacting the su Prr%‘fl I4g § {UBS F(hg&

%‘Eggéth&%:ﬁol i shing
conposi tion; (iv)(bdaovilingea 1?&?@ 19 PBISHE pol i shi ng pad
and the polishing cenmasitriging, and (v) abrading at |east a portion of

the substrate to DO{H)SJ‘ﬁI'd%%étlab@bh@Iﬁmg rate odifer agdtpditeteial ai m 1,
wherein the second agg g%ﬂtﬂrcﬂ?'ﬂhﬁ: ﬁ%ne beﬁect&i‘ﬁoﬁ?ﬂtfé()d of

claim2, wherein the secon

consi str ng of di hydroea%lgnfEB{}%t‘;{‘iPJ%e‘zfSja Qdﬁlho %ﬁ ne- Sgéiggpanr lic
acid, and di chl or oi nd@s¥fe-ac 10-anghragy 1‘?1%? ]é? AC%: wherein
the second agent is sﬁe[lﬁezmehr'n‘qruumndaé égdtsuldoumwsacstit rajichf salts

n- met hyl nor phol i neN- agegyfand t - butyI per oxi de. 5. The nethod of

claim1, wherein thg %89(51551%%?{1 olish @rhféciflgéﬁic‘%aagﬁmvhcrcuﬁ The
net hod ' of claimb5, %re n %Fg Ctgggl%ftl tl?e %%to% lsfuﬁlggt[ et he

group consisting of h
salts, pernanganate q 10 lrnﬁo S ‘E,“‘%Bt rf“&ﬁ el dl“jl organic
salts of iron (Il )(d)anhlqmdtcaﬁ'seum peroxym)nosul fate. 7. The net hod
of claims5, Where'grt EBﬁta‘éﬁﬁGﬁﬂc%QB@ﬁrath&vﬁBhq%kiﬂnﬁdtqmifhﬁl‘QIDOUIO

consi sting of per ‘ﬁ?ﬁé g p?:rs1t rrate salts, and cerium (-

sul fate. 8. The re t he c npos further
conprises a hal i df€ PE?:‘t”é%ﬂF‘r tcbﬂ]sq %‘tlrl pa@ﬁfﬁg“ de and
br omi de. 9. The thstpdhaig @tplélipﬁﬁliloﬂrvﬁé ein the corrposr tion further

conpri ses i odi de. (vidkbradifig aflenst dportinh afibebuldirate thpoligathepol i shi ng
conprising: (i) pr oqugir,qgs a substrate having at |east two netals;

(i) provrdrnga hin L4l asi ve,
(b) a first rret ﬁ]ﬂ% 833}0‘5 cﬁ' g’ﬁ{%éfe]n@%gsv\ﬁérﬁéelra%gtlﬂgfr rst
agent is an ant PH Y35 sel ected fromthe group consisting of
9, 10- ant hr aqui nonéleBednethbdo:rf daigil®, wherein the second agent is

9, 10- ant hr aqui ngw@da, 5- di sul foni ¢ aci d,

9, 10- ant hraqui nont Zﬁa h&ttt&&gﬁ%raﬁhdmawmehtetet a%bgetmoﬁc) a

second net al po ond agent
is selected fro o"ﬂ)s?‘élfiﬁt Qggqﬁt S&?%%Em? 0K
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and the pol i shi ngggoggglé@fﬁqucm chithiochaRIcAbOH el &R tri PO i on

of the substrate e substrate of claim
10, wherein the®econd agent is | | opam de3. 12. The met hod of
clai m 10, wher ei n(i) peowédsagha subEFIE; @Viﬂbﬁﬁ@@asi twigmet#s; met hod of

claim 10, wher ei n(ii hsrovidipgsi poloshihgcohgrosttampeosesisarg:oxi di zi ng
agent selected fro ;-.{)% ergtwgeconsr sting of hydrogen peroxide, iodate

salts ersulfate s erm e sal.ts ot assi um

per oxymlgnosul fate, |ql?t@ﬁ]g’§ﬂ§ﬁ%§h%lté (ﬁﬁgm HhSTheReiin p INF oxi de.

14. A method of cheni @ﬁl Hh’e@;%?dﬂrl%atl %%tlpél‘r’ixﬁ 24 ‘r‘Ingr?Qle(lfr“)

provi di ng a subst r at eingean awgheaquiness istsedeaied Al tlié¢ ghoygr omidi ng a
sisting of 9,10-anthraquinone-1,8-disulfonic acid,
9,10-anthraquinone-1,5~disulfonic acid; 9,10-an-
thraquinone-2,6-disulfonic acid, and salts thereof,



i shi ition; i ding at |east a portion of
ol i shing conposition; and (vii) abra _
Eﬂg gubstratg t O polish the substrate. gghcggfrgffggdo?faggﬁinllfb
wherein the first agent is present in a . apbout 1 10
| ai m 15, wherein the firs g

about 60 nmol . 16. The method of ¢ , wherel n the L agent
[ nt in a concentration of abo 1 to abou I
hétﬁggsgf claim 14, wherein the seconﬂ agent hsaggn?rggn;glggsgg.from

. The nmethod of claim 17, wherein the secon :
gﬁe ;roup consi sting of di hydroxybenzoqui nones, napht hoqui nones,

yar ¢ : - ; 19,
chloranilic aci(d){:1ambmﬁmB{a@p_@Iiﬂﬁﬁ%@%ﬁ‘h@dﬁ&?a%?mr Wigkgpam des 19
0r oup. consi ati ng . Spoond3 Eﬁf& e PESTESROLR 91 per oxi de.
90. " The et hod oo Satiitol bERaY Bia: o fhe SivigiesThgenk | s
Izo-ma;rgﬁamaélggd 83‘-2 Iqetlfﬂéaﬁ"é@rhod of claim 14, wherein the seconﬁ agent
! -‘" ) - - . . . t e
is an inor gar(:rua:) egEacting thé?ubs'ﬂ;]me Iﬂ?(t)lgaqg])lggiilg% ﬁ%égg\eﬁg{jslogen
et Iq}ﬁmﬁf‘éﬂn&bgﬂ&l&? g-sal Itos er. anate salts, |I,.
o gan ¢ saltrd mpemelEhstte by i fodne PRHSRHERR! &ad ) | “ana’
;)gfggglnlj(r:n ;S)ero__ SBRYsnR fospdsition; andhe et hod of claim 21, wherein

the second ad¥h alprgldi;tg@,tae.mlaflxourtionbéﬂmsmbptmmnsmlzighﬁ}rcﬁfe ﬁg[ﬁggogfte
salts, bronmatesshittate, and cerium (1V) sul fate. aTialide sel ected

clai m 14: whgseiThd Bf‘ctﬁ@(f%qsélﬁﬁﬁnli,g{vhgﬁer&ngﬁo rlﬁg%%ent % The method
fromthe 933‘9&5?11??lgﬁk%ﬁlhggfg%ﬁ%@gﬁ%éwe} {0 ahaut FIRPLes i odi de.
of claim 14, 1 .efrhe method of claim 15, wherein the first agent is

preseat in a concentration of about 1 to about 10 mmol.

17. The method of claim 14, wherein the second agent is an
organic agent.

18. The method of claim 17, wherein the second agent is
selected [rom the group consi sting of dilydroxybenzoquino-
nes, naphthoquinones, chloranilic acid, and dichloroindophe-
nol, and I,*malonamide,.

19. The method of claim 17, wherein the second agent is
selected from the group consisting of n-methylmorpholine-
N-oxide and t-butyl peroxide.

20. The method of claim 18, wherein the second agent is
I,*malonamide,. :

21. The method of claim 14, wherein the second agentis an
inorganic agent.

22. The method of claim 21, wherein the second agent is
sclected from- the group consisting of hydrogen peroxide,
iodate salts, persulfate salts, permanganate salts, I, inorganic
salts of iron (11I), organic salts of iron (1), and potassium

peroxymonosulfate.

23. The method of claim 21, wherein the second agent is
selected from the group consisting of perchlorate salts, bro-
mate salts, and cerium (JV) sulfate.

24. The method of claim 14, wherein the composition
further comprises & Halide selected from the group consisting
of chloride and bromide.

25. The method of claim 14, wherein the composition
further comprises iodide.



