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OF THE | NVENTI ON [ 0001] This invention relates to polishing
conpositions and nethods for polishing a substrate using the sane.
More particularly, this invention relates to chem cal - mechani cal

pol i shing conpositions suitable for polishing sem conductor surfaces.
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Beyer et al. Brie Beyer ., discloses a CMP process using a
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substrates (e.g., integrated circuits) typically contain an abrasive, various additive compounds,
and the like.

[0004] In general, CMP involves the concurrent chemical and mechanical polishing of an

overlying first layer to expose the surface of a non-planar second layer on which the first layer is
formed. One such process is described in U.S. Pat. No. 4,789,648 to Beyer et al. Briefly, Beyer
et al., discloses a CMP process using a polishing pad and a slurry to remove a first layer at a
faster rate than a second layer until the surface of the overlying first layer of material becomes
coplanar with the upper surface of the covered second layer. A more detailed explanation of
chemical mechanical polishing is found in U.S. Pat. No. 4,671,851, No. 4,910,155 and No.
4,944,836.



a carrier assenbly and positioned in contact with a polishing pad in
a CWVP apparatus. The carrier assenbly provides a controll able
pressure to the substrate, urging the substrate against the polishing
pad. The pad and carrier, with its attached substrate, are noved
relative to one another. The relative novenent of the pad and
substrate serves to abrade the surface of the substrate to renove a
portion of the material fromthe substrate surface, thereby polishing
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well as additional inventive features, will be apparent from the description of the invention
4 provided herein.
BRIEF SUMMARY OF THE INVENTION
[0009] The present invéntion provides a chemical-mechanical polishing (CMP) composition
suitable for polishing semiconductor materials containing silicon dioxide. The composition has
a pH of S or less and comprises colloidal silica, at least one onium salt, which canbe a
phosphonium salt, a sulfonium salt, or a combination thereof, and an aqueous carrier (e.g.,

water). Preferably, the onium salt is a phosphonium salt.



4 R-P-R2 X- R3 wherein each R, R2, R3 and R4 independently is a
substituted or unsubstituted hydrocarbon radical selected fromthe
group consisting of linear Cl-Cl6 al kyl, branched C3-Cl16 al kyl,
Co-C o aryl, linear C-Cl6 allcyl-substituted C6-Cl0 aryl, and
branched C3-Cl16 al kyl -substituted C6-Cie aryl, wherein the

hydr ocar bon radi cal optionally can be substituted with one or nore
functional substituent selected fromthe group consisting of a
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[ 0012] The present invention also provrRlles a chem cal - mechani cal

pol i shing nmethod for polishing a substl'rate. The net hod conpri ses
abrading a surface of a substrat eRii+R—a—6fP xenposition of the

i nvention. A preferred CVMP net hod com}ri ses the steps of contacting a
surface of a sem conductor substrate ®Pth a polishing pad and an
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[0011] Optionally, a sulfonium compound can be utilized in place of or in combination with
the phosphonium compound.
[0012] The present invention also provides a chemical-mechanical polishing method for
polishing a substrate. The method comprises abrading a surface of a substrate with a CMP
composition of the invention. A preferred CMP method comprises the steps of contacting a
surface of a semiconductor substrate with a polishing pad and an aqueous CMP composition of
the invention, and causing relative motion between the polishing pad and the substrate while
maintaining a portion of the CMP composition in contact with the surface between the pad and
the substrate for a time period sufficient to abrade at least a portion of the surface.
BRIEF DESCRIPTION OF THE DRAWINGS
[0013] FIG. 1. shows silicon dioxide removal rates obtained from polishing of blanket wafers
using various CMP compositions of the invention.
[0014] FIG. 2 shows silicon dioxide removal rates obtained from polishing of blanket wafers

using various CMP compositions of the invention.

[0015]) FIG. 3 illustrates the effect of onium compound concentration on the silicon dioxide

removal rate compared to a composition including an ammonium salt.



4 [0016]FIG 4 illustrates the effect of onium conmpound on storage
stability as determ ned by decrease in thermal oxide renoval rate
after storage at 43.3C (110F) for 5 days for conpositions of the

i nvention conpared to conventional conpositions including an anmoni um
salt. [0017]FIG 5 illustrates the effect of onlinn conmpound on
efficiency of patterned wafer planarization for conpositions of the

i nvention conpared to conventional conpositions including an anmoni um
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invention exhibit significantly higher BPSG removal rates, improved thermal and colloidal
stability, and superior planarization efficiency compared to conventional colloidal silica slurries
containing ammonium salts. These advantages are particularly evident at low onium
concentrations, which can provide a significant economic benefit over the conventional
compositions.
[0021] In preferred embodiments, the colloidal silica is present in the composition in an
amount in the range of 0.05 to 35 percent by weight. In other preferred embodiments the
colloidal silica is present in the CMP composition in an amount in the range 0of 0.1 to 10 percent
by weight, preferably 1 to 6 percent by weight. The colloidal silica ‘particles preferably have a
mean particle size in the range of 1 nm to 200 nm, more preferably 2 nm to 100 nm, as

determined by laser light scattering techniques, which are well known in the art.



5 [0022] The colloidal silica desirably is suspended in the Cw
conposition, nore specifically in the aqueous carrier conponent of
the CM? conposition. Wen the colloidal silica is suspended in the
CWVP conposition, it is preferably colloidally stable. The term
"colloid" refers to the suspension of abrasive particles in the
liquid carrier. "Colloidal stability" refers to the maintenance of
that suspension over tine. In the context of this invention, an
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or aromatic heterocyclic ring with ghe phosphorus, P. Wen the
heterocyclic ring is aromatic, It i$+absent. 100241X- is the

conj ugate base of an inorganic rfeidPer—Rh oxganic acid. Non-liniting
exanpl es of conjugate bases of inorbanic acids include, hydroxyl, a
halide (e.g., fluoride, chloride, bkRbnide, and iodide), sulfate,
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with the phosphorus, P. When the heterocyclic ring is aromatic, R* is absent.

[0024] X- is the conjugate base of an inorganic acid or an organic acid. Non-limiting
examples of conjugate bases of inorganic acids include, hydroxyl, a halide (e.g., fluoride,
chloride, bromide, and iodide), sulfate, hydrogensulfate, nitrate, phosphate,
dihydrogenphosphate, hydrogenphosphate, sulfamate, perchlorate, and the like. Non-limiting
examples of conjugate bases of organic acids include, carboxylates (e.g., formate, acetate,

propionate, benzoate, glycinate, lactate, citrate, tartrate, and trifluoroacetate), organosulfonates
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preferre odi pents an _onj.um o) es th o) sition
D o COREaitt AT B Hrope SProRing S IGERr - preaghol Tt br-Coiegs G prerv
conposilideanC,-Ciy abkHanbyitebd Cp-€4, z&m;)aﬁkl bRAtked ¢;hE ¢ alklylsabsiifRa gydC i, Sryl,
present_at .a_concentrati o f 0.4.10 2 referabl ta

ol 7o YBu98 DR i fef oppiatiyfead e MRy bia BT S one hypcbase

i ncl udesubsteucmt setected Hxindhe grogp agfsmng efg hydxbmylcmbsdmmt a hahnqubstitaént,Gin

t he serj or, surface, suc nponen Oxi di, zi ni .
agents sw '? 'g%? Ph A0 GIE s“bStftﬁen l‘?ox sgg?t{t'il%lrtfsangn a)n é%‘%‘?ﬂt’t g X-is
pr esentasidafieett abome fmchmplmppmmm uombmmd‘sat\iltcmahydy,dtﬁmd B8 tagettae can form a

per sul Tal @8 huhSantiSited: or SR KR g@%gwd&.%gg f@i@ﬂi ¥ When the e)

di per suf fat e, potassl um nonopersu di pers
peri odeheter@fadctlsn(lgwgpmmpm&sss abserger i odate), high oxidation state

net al S u%nﬁﬁnnﬁﬁ%o%ﬁo%s\éf sglrf ﬂl{uﬂrla@ Mn)ag%%xl\ﬁe E)'Fﬁg ?\ﬁgosmons and

conbi nat| the 1 or egoi ng era
oxi di z m@jh%@aftthd prespnbinwentianringlnde @mvﬁuéstﬁfoonun bromd%\mmy!dlmmsuif@mm

L connrafidk GiolenyiRNRE) GOLA, UBLAL L Lo aRRICANIHERln IRLRL bRle-
seni cormydrexyethyi2, hdmydroxypropylsulfommn lactate, and the like.
[0028] The CMP compositions of the invention can include one or more onium compound,
i.e., one or more phosphonium compound, one or more sulfonium compound, or a combination
of one or more phosphonium compound with one or more sulfonium compound. In some

preferred embodiments an onium compound is present in the composition at a concentration in



[ 00301The CWMP conpositions of the invention can also optionally
i nclude suitable anbunts of one or nore other additive materials
comonly included in CVMP conpositions, such as corrosion inhibitors,
viscosity nodi fyi ng agents, biocides, and the like. (0031)In sone
enbodi nents, the CMP conpositions further conprise a biocidal anount
of a biocide (e.g., an isothiazohnone conposition such as 1CATHON(T)
bi oci de, avail abl e from Rohm and Fbas)-7[0032]The aqueous carrier can
be any aguemitralamsnbe {rﬁ-xog per. 2i8th OF coHUARRNS 1B ? eﬂmgh'ﬁnents, the
et hanol, a conbination thereof, and the li1ke. Pre era , the aqueous
carri er OPEMRATEReNREH PRRSCRYat alcopaBiTFRn bt tockimels, @rﬁfere!plytl te 10 pmol/g.
I nvent | ?ﬂ}Zb]aV € thelP foox%r.»@gmerﬁ%? th3hGdrtibR Qt»ﬁ(ox%ll& Qarp mtc):iufag o% more

nor e

COprOSI i ons can optiona rrse one o
mat er i aP¥idizing agsy »&0 °7a1ﬁ123@| cenwemt aéﬁlhymmmqr@uémedsuch@e@ fmetal

aci d, apSnpdient)! baldlangag&téu%@%omm@cﬁp%@ﬂaﬁ&;ggI Hemoﬁ@éfmgr

hydroxrde and’'the |1 ke, conbi nat1on thereo tion
ot her agfegft inveationisrlade grighont hmitatisn hydeogen pproside; parsylfatepalts (e,

or gani C ,AoRfint AI3R BRdahie I )
[0034) The &VP corrpsc?stli'%?irl ons of ?%gdgh%ﬂ%%ﬁogagﬁ%%ﬂ%par eagé andapmassmm

sui t abl dipceelpPl periodsterhplts fe. sunpatassiimepatiofir). brghtqrefbaeos Rfatel reeralr salts msh as

art. TheefMPasn r;pgé.r tm9 Balfs2EndPL cRHBRA ARG FiRo Br Rdtedt tRE fo%gatﬂgn mrerauy,
process. Cenerally, CMP conposi tjon can be prepared by conbining

t he conﬁ%?r?é‘rﬁ‘%‘ng ﬁ&qnéufpreﬁnuﬁyheorwmtwn@ fRAeunt § wehro"oxa’szm@r more

herei n kdledtaitastallid G ¥ériidahduche R pesdi ifthe sé&ﬁfc@ﬁdﬁéﬁﬁwa@&' wrk well
conmpound, acids, bases, oxidizing agents, and the like), as well as

any corrBi“ﬁ‘éH“&HeW‘P‘?f@P@ﬁFQM%mFor exanpl e, an abrasive can be

di sper sggh30n WathRIGMPB6mpsEitid o MiiAvEnRiBR ealdss sptidtl pidRMde sabBidintRflts
by any nethod that is capable of |ncorporatu&g the conponents into

t he CVPOEHIfRESRare gther aﬂrel\rﬂmears peorampHly indudsd in (MR corppesttions,sygh as

[ 0035) Théirdshdn iGRIBROS] VibddBRy Rlbdifias BEGSE BlocidaY @Rl pdlil@! SO can be
provi ded as a concentrate, which Is i ntended to be diluted with an

appr opr (4984 adbyseme Fmbedimspts, the CMR pomposiions futher FOTPTIS§12 biesidpd amopnt of
such ana eiHadi(@BNhn 1sbﬂ1€hz@M?oWﬂ%8'slhb@ BuchQB KTHON® Kigéldaé,RChivEe: 48

vari ous conponent§ di spersed or dissolved in an aqueous sol vent in
amount sRepERN upon dilution of .the concentrate with an

aplor oEr [rmtm] ameraqﬁﬁoueaatﬁet@naﬁlaw aqueoeﬁg‘d)v&@rwn@mr Q§udoti€methanol,
polishin

anmount H?Sn 1€ I v nF‘\(‘)_\’Il 13{1 g“’?“éﬁ giﬂber ﬂﬁfts é’referably, the a(();fula(;[uls (()zzrlln'xlep 1san

deionized water.

[0033] The CMP compositions of the invention have a pH of 5 or less, preferably 2 to 5.
The CMP compositions can optionally comprise one or more pH buffering materials, for
example, an acid such as hydrochloric acid, acetic acid, and the like, a base such as ammonia,
sodium hydroxide, cesium hydroxide, and the like, or a combination thereof, in addition to the
other acidic and basic components of the composition (e.g., the organic amino compound and
the acidic metal complexing agent).

[0034] The CMP compositions of the invention can be prepared by any suitable technique,
many of which are known to those skilled in the art. The CMP composition can be prepared in a
batch or continuous process. Generally, the CMP composition can be prepared by combining
the components thereof in any order. The term “component” as used herein includes individual
ingredients (e.g., abrasives, onium compound, acids, bases, oxidizing agents, and the like), as

well as any combination of ingredients. For example, an abrasive can be dispersed in water, and



[ 0036) The i nvention al so provides a nethod of chem cally-nechanically
polishing a substrate. The nethod conprises abrading a surface of a
substrate with a CVMP conposition of the invention. Preferably, the
substrate is a sem conductor substrate conprising silicon dioxide.
[0037) A preferred nmethod conprises (i) contacting a surface of a
substrate with a polishing pad and a CMP conposition of the invention
as described herein, and (ii) noving tlge polishing pad relative to

the surfircangh c&xhso@utm bahdied) drld thixed B9 kh)’ibﬂeﬂiﬁd E&Hl@ﬂfmcorporatmg
t her ebet ween, thereby abradi ng at . | east ortigqn of the surface to
pol i sh EEoBpERAIEARLS the GOBEForRoigs. reRbLEEnde sated ALU:Itble e on

can be PEBQ] t o elaMP c&ﬂ)&os&‘&lérisfwhfé predeat indérionANd ch b€ Pideidedlat ¥
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any sui [ n ckness,

conpr esé’?g ﬁ;l#ﬂlayéﬁ‘é&rc%{l Vi C%ngmgﬁgaté gpn cor%f' éidztlh?)ﬁ é and conpression

modul us[0039) t ab’t Barp(aﬂa)nngwmtamfuhleporﬁmwemam wethpdd oyﬁthﬂydesﬂmk Dventn is
ol yvin
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pol yst yWeheut mﬂfwlmmheemsvmWMw@t s ther eof and m xtures

t her eof 42 in

Situ pol el ng e ghor etbodt BPu es@*‘*??“e%‘mngfn%@m‘*ﬁ’?%‘ré? S i n

t he ar tconfunchion witha chetmqahgxpe@mqup@wummnmrmls ngynieatlypthieiGHUP apparatus
rocess, t

Ut aceofPr e Kl dowhic Whdlip 3% ARl drhat EreRE Pl brom otital

descr i blépar,fapd/oe gizguiarenotion, upslishinginadtin ontam with3he platgn gud mowinggelative to
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at ent 5, 643 to Birang et at Desirab specti
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[ 0043] The foll ow ng exanples further illustrate the invention but, of
course, should not be construed as in arty way limting its scope.
EXAMPLE 1 [0044] This exanple illustrates the effectiveness of CW
conpositions according to the present invention for polishing silicon
di oxi de surfaces. [0045] CVP conpositions of the invention were
prepared containing 6 percent by weight of a colloidal silica having
a mean particle size in the range of 3®nm 3.85 p.nol/g of a

phos phoimvweRtisARARHEmobin g \ied ;Qﬂlsﬁihg pad relgfiveto tHd@ubbedrd, @¥aB & abrade at least a
phosphoni um cqonpounds were_us g‘ﬁ@ t et r aphenyl phosphoni um br om de

( Ph4PBr PortieBh hersuPsira\piRotisk fe SHPsHAteor oni de ( MePh3Br),

et hyl t rijgdaany! m@%&@@lcuﬂbbbﬁﬂhﬁi&dﬁﬁbaﬁ?mﬁla CMP composition of the invention
butyl tri phenyl p hosghonl um br om de EBuPhSBr

hexyl t r PHR&8AYY f}“@g POHsRIRS Bad(&i SO 1%&@}3‘&3@ Suitable polishing pads include, for

benzyl t ekahsg mﬁ%a@aaﬁw@vbﬁ I32J3Red or AGH-ErRBVdIaRE PORILS B HOR-
brom de (%ﬁgP)IS% ?HE ﬁmsphonl um chl orloitle (%%4PC1 gﬁd

t et rabuP?T%ﬁB%ﬂ?hﬁ}ﬁ 6‘3@"8%3\(1 tahlemqjishing pads san comprse %ﬁuuable polymer

purposesf vﬁyﬁlgrd%ﬂl@t h&ﬂne\!!@&hi%@éés %ﬂﬁ?&sﬁgxlﬁﬁ Qbﬂitﬁmgbound upon compression,
t et rabu%el/ arrunoni um %‘édr oxi.de in ace of the phosphoni um conpound.
I n addi FPmRIgETnIROU i otiapls s ﬁm nglude am?ﬂ@%w%w Ieploridei dal

silica @a@vmmﬂuoihae 1S AuoroudrBéh, Sjobiyc&aonawq;oms@ﬂ lpuryac@mmpbl gtherer e
olLls

al so pre 100461The conpositions were eval u 5
hor ol PBRFhglent FoRBT PARRE ARG RS s POMPIOP B e caad ERASE fhespot
Logi teCthﬁvﬂB(tﬁ&kﬂﬁ:wa usi ng an | C 1000 pad a down force of 3.6

ounds u | at e eed of 60 revol yti on er
e Rzl O Besirriorint B soirudor e BEtSlanin ief posBing rdpding
150I m | Hbﬂebﬁ(ﬁr@stﬁﬁt nmylufg}ﬂ&mailm)&m léiIR&&LHriG A Srdbﬁmhhﬁl’fﬁﬁinsp'ﬁéhd@and
eval uations are_.sho | re re rt
o T oo M RRHE GRS prares bX atlydns Bt o olben iAeh Ferieq fromn airfage of
O)I‘(]I de Ir eiovarkpieed €8 kaswhigthe ag, agaomembm ite ﬂcﬁbantfal éxafhple] heu sl ghe:&t
t her ma re 0 e
b o de S056d53 o TR @l S dhn A 28y ket o BobemB R BAL ot e,
obt ai nledndU . Phiesitd,064,8R5C mm‘ngres?w%dausmg, ﬁ&ﬁ%péb?ﬂﬁgﬁmbhm_ & go‘kthed
control conposjtio ont ai ni ng.on erce oi silica had a
oo o) PEERS of i S0ustRTE S0 %8 ekt 1B S i R et A s Do
cont ai ndergmiiRatirer afelnd pdlishing eadipbing, i2t, tltd-d!eiel'nﬁx’m.'aoﬂ o f Whkit RPMiingte the
pr esent in. EXAVPLE 2 [0047] This

exanpl e}’glbs%bnépégcetsﬁ ﬂé‘f"f‘sé’g?et fo 8#’&%'1%%?‘{8%"%3 conpound versus anmoni um
conpoun{P0sa] si |Thedollalviogicganplesfinthbr itlastets thplimweation kit] ofvoefst, shoald eyt be

and st Or&%‘ﬁ-ué&z%bhla}\%%gy[h Qﬁ§g%’%05' tions of the-invention conprising

a phospRonr um conpo

EXAMPLE 1
[0044] This example illustrates the effectiveness of CMP compositions according to the
present invention for polishing silicon dioxide surfaces.
[0045] CMP compositions of the invention were prepared containing 6 percent by weight of
a colloidal silica having a mean particle size in the range of 30 nm, 3.85 pmol/g of a
phosphonium combound, in water at a pH of 4. The following phosphonium compounds were
used: tetraphenylphosphonium bromide (PhsPBr), methyltriphenylphosphonium bromide
(MePh;Br), ethyltriphenylphosphonium bromide (EtPh;PBr), butyltriphenylphosphonium
bromide (BuPh;3Br), hexyliriphenylphosphonium bromide (HexPh;PBr),
benzyltriphenylphosphonium bromide (BzPh;PBr), tetrabutylphosphonium bromide (BusPBr),
tetraphenylphosphonium chloride (PhsPCl), and tetrabutylphosphonium hydroxide (Bu,POH).



t et rabut yl phosphonnun brom de were eval uated for effects on polishing
BPSG bl anket wafers at phosphoni um concentrations in the range of 2
to 8 unol/g, with 6 percent colloidal silica (30 nmnean particle
size) in deionized water at a pH of 4. The wafers were polished under
the conditions listed in Exanple 1. Conparison was nmade to a
conposition containing tetrabutyl arnnoni um hydroxi de (TBAH) in place
of the phosphoniumsalt. The results at@ shown in FIG 3. [00491As is
ﬁyi ﬁent Férr mpatisoriginposies) aHb&ul&;orBPﬁGlh goeprepLRed éoata@xﬁng\whehbﬁtyraﬁﬁﬁcﬁhlﬂgl y
i gher rle t oni um.conceptrati on. than renova
rat es oﬁ’( ?’ﬂg cr?oafﬁqfo‘?ho W?om ﬁ?’&??ﬁnﬂg?% B} o mﬂ“ﬂ?ﬂt‘mlsﬁ‘éd“d‘“g
BPSG r eonly &lperehtslibidal sticapasi dnly N5 patert fiemédsiidal aincadiuBonpblnd; @dre
to a desll red | eyel by varying the oniumsalt concentration, unlike
convent FENBIPESHposi ti ons cont ai ni ng amonium salts. 11 [0050]1In
addi ti ofe046he dJheragpostiaisiwdre yvabiatéd\by suizhing tlicnaaisoxide 4deBR ST/ Blahkedn

compoe; MEBRS MRl S REParE HERR OMERA R e AU GO el = deum
Plhlos phofurmfﬁﬁa pox(ntieperaslquiry hrpnhc(pmh@rplawn $peed Of(G(IileyolIBﬁH)per mligate @pm), a

t .St Al
ot o 1 e shOGL & s65hhn, fla PR AR 1o b iel Bnith BRLimib) RBuigs of

t he conthesndl iosite eaaluatRins afé shivifl il F1G.dr arfd RIGy 3, and lage repérteal 3fsilicbe dioxide

| |
St or ageie Vel e ars i ond RS TAT i ol e fembideiet & gk 27 pfto°
FIG 4 Ahmvwenaobmined cm mghmmetmdmmfrembeal rate ems omammmh

surpris Le anceny |on r e eva

(ret ai gt Hho i bufiBDlae? MRS S L A RRS BN R R Apn
conposi wemgebtasdtia polishinaBPR0 waters mmshmmmnmnaumqowabcbqtmm x:ghposxtmn
vari abi nar i

conposi 1" ining P Rl (R UMY BB ania UBL b AR in. Whika
conposi ¢dngmbcanpasiionicpntaifiBygH 2 par@nt ﬁnmtdmnbcatah pHelfl f(he beinoycompoupd pesanit)
pl anarizgt I ositions including an anmoni um sal t.

The ratllﬁgldo Pﬁ%qg%ggg%%ﬂova‘ﬁpr ate to the field renoval rate is
plotted agai nst SKW7 pattern density. The results in FIG 5 show
that the conpositions of the invenhoippphai ning TBPH exhibited a
greater pattern planarization efficiency versus the conventional

ammoni Ui BnpodhisieaaspleExmpptes > oS 2f Phospheniamsbmppind ietrsus pewndriten
effect QfmptRhd bRGi ! | Gal

concentrati on‘ni‘@gl l%_ﬁ dlg Eigb‘gérﬁ %glgél’sr %h%%ﬁgég%ﬂ ghlé}p torﬁéé gt%hty

[ 0053] d9R#Bsi t ﬁ@oelamqféhm@ve@@ntconmmsgpﬁp@omwmnm%l ig) of
tetrabukih ﬁﬁﬁ%ﬁﬂéﬁﬁ&@&ﬁﬁé%é&ﬁ?@d fﬁp%&mt&, &h@ﬁa E%S S an@&t Sfers at

coIIO|daI SI Ica at pH 4 were utilized polish
waf er s RIR nema?w@r%wga psthe Fnesof § t%? mnloys, wigh 6 aewprmcpawﬁ#glhca (30 nm

condi t i e pas@de sibe)bix abBhRed WarPeh 2pH bPE. TR FEfery @éf@\sahs}{eahﬁéer%@

plotted agal nst. TBPH corll)?entratl on and silica solids level in a

sur f acefopfligens isted 1 Exgmpleh5GPoBaTs9a s FHde (O FRMRISHIPNAODt2INNG 200 ppm
(2.2 t aedabhitpamiBlohiin Bfdroxide (TBAH) in place of the phosphonium salt. The results are

shown in FIG. 3.
[0049] As is evident from the data in FIG. 3, BPSG removal rates were surprisingly higher

and varied more with phosphonium concentration than removal rates obtained with ammonium -

containing compositions. Thus, the BPSG removal rates for compositions of the invention can
be tailored to a desired level by varying the onium salt concentration, unlike conventional

compositions containing ammonium salts.



t et rabut yl phosphoni um hydr oxi de (TBPH) and 4.5 percent by wei ght
colloidal silica at pH values on the range of 3.5 to 4.5 were al so
utilized to polish PETECS bl anket wafers under conditions
substantially simlar to the polishing conditions used in Exanples 1
and 2. The PETECS renoval rates are plotted agai nst TBPH
concentration and pHin a surface plot in FIG 7. [0055] The surface
plots in FIGS. 6 and 7 show that PETEO%1renoval rates can be vari ed,

as desi 6gbo] by 1R[BAiEBAH, tBE Sofipe b@Bilief of tMPTolripositis®y dfdbe ilnemion v&@dvaluated
oni um concentr a |on 12 CLAINB 1. A chem cal - nechani cal I|s @
Bljuum

(OVP) cansEnE PhosPBoRip, seff gReentration comypaeip GpaPs ams aeliding an

at | eastalp(1B M) iHPI&RBFQ PAEsphEhiRaT R (fetr@bitiIpRophonPmAafoxtde] IIEPEDS FIG. 4
phosphon un1sa|t§ﬁ%1égl onlunlsagi and a c%gblnatlon t her eof

(c) an AlpsEass thegfiertat phashaniym saftipn staspgssiability 9s Aefermigedbydfctraseing,

| ess. Zﬂgﬂﬁaﬁ\)@d&x‘é&Oﬂrhﬂe@ﬂeﬂfmﬁg@bfﬂx& cipssRtidhstab 3. 9etl(modm) f6¥i3d dag8 The
is present in the conp05|t|oge|n an anpunt [ n the %Wﬂgﬁgﬁﬁi 05 to 35

per cent THip ofehgtemoval s fieRp deviiess o she Bat Fem torag)dsglptted
one oni Yplifistltie daft cBheh&Ation. NTHe 18Ul IPPES. Yl sBBwithat A GIMPUdmpo#itibiieof the

range Ofnvent%ln &%ezsgr%ngn% y stal analle oV %‘[c El?er%ocr))]::exfuo mgg %ntgla gvaluated (retaining 90
percent of their thermal oxide removal rate), while the compositions containing ammonium salts
showed unacceptably high variability.

[0051) SKW-7 pattern wafers were also planarized with the compositions of the invention
containing TBPH and conventional compositions containing TBAH. FIG. 5 shows the
efficiency for pattern planarization compared to compositions including an ammonium salt. The
ratio of the step removal rate to the field removal rate is plotted against SKW-7 pattern density.
The results in FIG. 5 show that the compositions of the invention containing TBPH exhibited a

greater pattern planarization efficiency versus the conventional ammonium compositions.

EXAMPLE 3
[0052] This example illustrates the effect of varying pH, onium concentration, and colloidal
silica concentration (solids) level on PETEOS removal rates.
[0053] Compositions comprising 600 to 1200 ppm (2.2 to 4.4 pmol/g) of
tetrabutylphosphonium hydroxide (TBPH) and 3 to 6 percent by weight colloidal silica at pH 4
were utilized to polish PETEOS blanket wafers under conditions substantially similar to the
polishing conditions used in Examples 1 and 2. The PETEOS removal rates are plotted against
TBPH concentration and silica solids level in a surface plot in FIG. 6.
[0054) Compositions comprising 600 to 1200 ppm (2.2 to 4.4 pmol/g) of
tetrabutylphosphonium hydroxide (TBPH) and 4.5 percent by weight colloidal silica at pH
values on the range of 3.5 to 4.5 were also utilized to polish PETEOS blanket wafers under
conditions substantially similar to the polishing conditions used in Examples 1 and 2. The
PETEOS removal rates are plotted against TBPH concentration and pH in a surface plot in

FIG. 7.
[06055] The surface plots in FIGS. 6 and 7 show that PETEOS removal rates can be varied,

as desired, by appropriate choice of pH, silica solids level, and onium concentration.



4. The CA VIP conposition of claim1 wherein the at | east one on um
conpound conprises a phosphonium salt having the follow ng fornul a:
RL1 + R4 -PRR XI R'" wherein each RI,_R2, R3 and R4 independently
is a substituted or unsubstituted hydrag:ar bon radi cal selected from
the group consisting of linear Cl-Cl6 al kyl, branched C3-Cl16 al kyl,
C6-C10 aryl, linear Cl1-Cl16 al kyl -substituted C6-C10 aryl, and
branched C3-Cl6 al kyl -substituted C6-Cl10 aryl, wherein the

hydr ocarbon radical optionally can b€L&dMStituted with one or nore
functional substituent selected fromthe group consisting of a

hydr oxyl substituent, a halo substituent, an ether substituent, an
ester substitdent, Aechemidsbrgchspisaltpotithie (CVEN ¢omPOSHIAN SOMBUHRE i t uent ;
optional l'y, Rl,anf,R3 hipget her can forma saturated, unsaturated, or
aromatic heterocyc?ic ring with the phosphorus, P, with the proviso
t hat when t he (bettdeagicyns| dneum corgpguad aqalemt{) frem tRagrowp ednsising ofaphogphopgim

t he conj %Qﬁta%uﬂﬁﬁﬁng%ltgﬂd%%@ﬂﬁoﬁﬂ%ﬁéoﬂ or an organic acid. 13 5.The

CVWP conposition o aim erein the’at |east one on um conpound
conpri ses a subfanquevusedrtiertizerétong t he fol l owi ng fornula: re7S NN

the composition having a pH of 5 or less.

2. The CMP composition of claim 1 wherein the colloidal silica is present in the

composition in an amount in the range of 0.05 to 35 percent by weight.

3. The CMP composition of claim 1 wherein at least one onium salt is present in the

composition in an amount in the range of 0.04 to 200 micromoles per gram of composition.

4. The CMP composition of claim 1 wherein the at least one onium compound

comprises a phosphonium salt having the following formula:

R1
N
R—pP—R? X-

R3

wherein each R', R*, R® and R* independently is a substituted or unsubstituted hydrocarbon
radical selected from the group consisting of linear C;-Cy4 alkyl, branched C;-Ci4 alkyl, C¢-Co
aryl, linear C;-Cy¢ alkyl-substituted C¢-Cyo aryl, and branched C;-C;¢ alkyl-substituted Cs-Cigo
aryl, wherein the hydrocarbon radical optionally can be substituted with one or more functional
substituent selected from the group consisting of a hydroxyl substituent, a halo substituent, an
ether substituent, an ester substituent, a carboxy substituent, and an amino substituent;

optionally, R and R* together can form a saturated, unsaturated, or aromatic heterocyclic ring
with the phosphorus, P, with the proviso that when the heterocyclic ring is aromatic, R* is

absent; and X- is the conjugate base of an inorganic acid or an organic acid.



wherein each R5, R6, and R7 independently is a substituted or
unsubstituted hydrocarbon radical selected fromthe group consisting
of linear Cl-Cl6 al kyl, branched CS-Clg al kyl, C6-C10 aryl Iinear
Cl - Cl16 al kyl -substituted C6-Cl0 aryl, Ad branched C3-Cl6

al kyl -substituted C6-Cl10 aryl, wherein the hydrocarbon radical
optionally can be substituted with one or nore functional substituent

sel ected from_the group consisting of a hydroxy, substituent, a halo
substituent, an et %@? @Y&%é’?’in??ﬁétfﬂn, ofalaigs { ayhersith dhej 3t feast one opigpgpRgpound

subst i t ueBipridd salfordlh Bt EkHAS tictibiging PRhhleNal |y, RS and R6 toget her
can forma saturated, unsaturated, or aromatic heterocyclic ring with

the sulfur, S, with the proviso that when the heterocyclic ring is
aromatic, R7 is absent; and X- is the cgnjugate base of an inorganic
acid or an organic acid. 6.The CWP co sition of claim1l wherein the
pHis in the range of 2 to 5. 7.A chemjcal - mechani cal polishing (CW)
conposition conprising: (a) 0.1 to 10 cent . wei ght of coll oi dal
silica (b) 0.4 to 20 m cronopl es perr’dram oR® at | east one phosphoni um
salt; (c) an aqueous carrier therefor; the conposition having a pH of

S or | esSynefhid BRh RYPRC QAPRE idabRRd by & AbBsiltud OF GsNbd e@l%]d}&ia@@# radical
silicais present I n t he conpaosi ti on In an anpunt I n the range o 1
to 6 per cels¢tedfropeihg rarouprepnpistinggofingarcPCooiod.sbrendad §5-Cod alkyh Z6-Cio aryl
wherei n 61&16&6@5@ Qf 1-9%9{%1% r@ = %%J tan!dsorQI{cﬁ Bt-Ci Mk ASub® ézisb t—borﬁ 1
in an anount in ithslr ange o? 10 & m cr ormfh‘e%sz’ per” gr am OFHP o0 A
conposi t ivgigrein the hydrocarbon radical optionally can be substituted with one or more functional
substituent selected from the group consisting of a hydroxy, substituent, a halo substituent, an
ether substituent, an ester substituent, a carboxy substituent, and an amino substituent;
optionally, R® and R® together can form a saturated, unsaturated, or aromatic heterocyclic ring
with the sulfur, S, with the proviso that when the heterocyclic ring is aromatic, R’ is absent; and

X- is the conjugate base of an inorganic acid or an organic acid.
6. The CMP composition of claim 1 wherein the pH is in the range of 2 to 5.

7. A chemical-mechanical polishing (CMP) composition comprising:
(a) 0.1 to 10 percent by weight of colloidal silica;

(b) 0.4 to 20 micromoles per gram of at least one phosphonium salt;

(c) an aqueous carrier therefor;

the composition having a pH of 5 or less.

8. The CMP composition of claim 7 wherein the colloidal silica is present in the

composition in an amount in the range of 1 to 6 percent by weight.

9. The CMP composition of claim 7 wherein at least one phosphonium salt is
present in the composition in an amount in the range of 1 to 10 micromoles per gram of

composition.



14 10. The CVWP conposition of claim7 wherein the at |east one
phosphon umsalt has the followng formula: R 1 +2 R4-P-R X- |
wherein each R, R2, R3 and R4 indepenggntly is a substituted or
unsubsti tuted hydrocarbon radical selecfed fromthe group consisting

of linear Cl-Cl6 al kyl, branched C3-Cl16 al kyl, C6-C10 aryl, Ilinear
Cl-C16 al kyl -substituted C6-C10 aryl, and branched C3-C16
al kyl -substituted C6-Cl0O aryl, wherein the hydrocarbon radi cal

optional Iy canbe ddpSME EHI%R?S\FW’? Af a6 hesghe afirigast eraphosbRipm: gl hes
sel ect ed th¢ pMbLMAE rehAWP consi sting of a hydroxyl substituent, a halo
substituent, and an am no substituent; and X- is the conj ugate base
of an inorganic acid or an organic aci &' 11. The CWP
conposition of claim7 wherein the pHi|s+in the range of 2 to 5.

12. A cheni cal - mechani cal pol i shi ng*4ckFP—~art hogt-f or polishing a
substrate, the nethod conprising abradilng a surface of the substrate
with a CVMP conposition of claiml1l, wheg@in optionally the at |east
one oni um conpound conprises at | east one phosphonium salt.

13. A chenical -nmechanical polishing (CW) nethod for polishing a

substrat gypd i B ROGC ‘R’mﬁdl R rlHdeBQ{d%&U‘Q é‘sﬁﬂﬁ&éﬁ Gr %sxfb@ﬁmt%li H{o@&rﬁon

vmthaCNPcorrpOS|t|ono claim?7 . chem cal - mechani cal
pol i shi ngadicimylesiet hod thfogromptinsﬁmggofaln@@n@c@m@ll@t dranghdsEar Gk elkyk §e-Cio

nmet hod ¢ r e . ( teh I )| F
semi cond%@& Eés? E%s :d:%t? %{,1\;3\%9 ?ﬂma{ed Sy ar?gl o ggg%}%ﬁa%q%&gg%ﬂgb%ﬁﬁe@h%w
conposi t iaoyl, abaeindiniydraaday radml cxftloo:hlh/l cm; bt stigstiGitedawith one or mor¢ Binctional
causing r I
o T Sor B BT B RED LIS SRS A DB SR e
t he surf apeniist swegituenhenpXdisalmd-onjugats htss tof at iporfgaic acid bmam qogamicadid.
sufficient to abrade at |east a portion of the sem conductor surface,
wherein optionally the substrate conprises silicon dioxide.

11. The CMP composition of claim 7 wherein the pH is in the range of 2 to 5.

12. A chemical-mechanical polishing (CMP) method for polishing a substrate, the
method comprising abrading a surface of the substrate with a CMP composition of claim 1,

wherein optionally the at least one onium compound comprises at least one phosphonium salt.

13. A chemical -mechanical polishing (CMP) method for polishing a substrate, the

method comprising abrading a surface of the substrate with a CMP composition of claim 7.

14. A chemical-mechanical polishing (CMP) method for polishing a semiconductor
substrate, the method comprising the steps of:

(a) contacting a surface of a semiconductor substrate with a polishing pad and an
aqueous CMP composition according to any one of claims 1 to 6; and

(b) causing relative motion between the polishing pad and the substrate while
maintaining a portion of the CMP composition in contact with the surface between the pad and
the substrate for a time period sufficient to abrade at least a portion of the semiconductor

surface, wherein optionally the substrate comprises silicon dioxide.



15 15. The CWP net hod of claim 14 wherein when the aqueous CWP
conposition is according to claim1l, the at |east one oni um conpound
conprises a sulfoniumsalt. 15

15. The CMP method of claim 14 wherein when the aqueous CMP composition is

according to claim 1, the at least one onium compound comprises a sulfonium salt.



