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POLI SHI NG COMPGSI TI ON AND POLI SHI NG METHOD BACKG%@MWIINIMI’”N”W"I
OF THE I NVENTION 5 The present invention rel ates

pol i shing conposition used, for exanple, in polishingestee*
For  for g TOMBUCIPGH 11 1Y AP BOB 6t SBRAUBEEPD
device, and to a polishing nmethod using such a
pol i shing conposition. 10 Currently, a damascene
process wher ei nBACERBATTAl OFnE¢ialiNdalNTIGIN shi ng ( CVP)
technol ogy is used has becone the main nethod for
form ng conductor wiring for a sem conductor device.
Wherhiehe reerettC tior ewitriiong resl frardreth 4 ipStiofidd | codposition
trench is formed on an insulator |ayer provided on a
usefls Lof CFRARICor Supstiiathe NPt el Bar Feefuegerviring

£0rC QMRS 3G duldtlANIdeR Q% L iLANI N Ditr] Ae 1.5 FRLARY4 005 i ng
the insulator layer. Subsequently,” a conductor | ayer
sucihs of godedhandt semp@asditéror.ayer  such that at |east the
trench is filled with the conductor |ayer, and then a
portion of the conductor |ayer and a portion 20 of
t heCharenel yl, agedameactknef pmuicedsd sviposd in aneth@aut s de
he . trencq%ﬁgne r%nov d by chem cal nechani cal -

e ChONSRngO WSSy (Aot AT DO Thel Tortfitt S | BFRFTe the

maiWhieRhosl Ireft rorntihe idasid i laerng Pest td of8l: conductor
inside the trench. functions as the <conductor wring.
devagejapiheset Nat FfonarcPhaseikand- Ogedopargnt first of all, a

| i; catei 00- 7 ig-
B A R e s S M R i
semitohdiee48rdissblstseta, cameritheonal bapotieshilmgyer comprising
.. conposi tion,used in.polishi.n or renovi a. portion
tit3HTER 8 e SAGARTR FayarBnd Ta OIS b oft I bHi kg tor layer.
Subkayeentegchaotondhicelrd 9 apesi tilsorred it drdec e tseneher layer
ver, conventional polishing conpositions do not
Suchag Dot B Al PPEty 00 SOTraH 35 Doy o8 Ty oS e
laybirt aBhdMcaktnaahibghtsbeck i emvalodfleor R Jherdmy e; portion

conventi onal polishing conpositions have the 35
of BREbPEMIIFLr e@UELI 0RACH S&f @t Pue I PAHE gt d | BH- pEde the

trehbHOrbde removed by chemical mechanical polishing, whereby
a portion of the conductor layer, which is left on the -
insulator layer, positioned inside the trench functions as the

conductor wiring.

Japanese National Phase Laid-Open Patent Publication No.
2000-501771, Japanese Laid-Open Patent Publication Nos. 1i0-
67986, 10-265766 and 11-116948 disclose a conventional
polishing composition used in polishing for removing a portion
of a conductor layer and a portion of a barfier layer, each of
which is positioned outside a trench. However, conventional
polishing compositions do not have the ability to polish a
barrier layer comprising titanium at a high stock removal rate.
Furthermore, conventional polishing compositions have the

problem of reduction in safety due to the addition of fluoride
_—
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and the problemof netallic contam nation of the

sem conductor device due to the addition of a

nmetal lic catalyst. The polishing for renoving the
andpaihei erodfl erthe fc oreductlarce dant ayiera anoh tde ploe t semiobnductor

t.he barrier | ayer,..each of_which is . positioned
deVEGEsCHE tRe Hi% 6FP%H6V‘6€féhHW?§%P Q@E%f¥%b‘or

nore types of polishing conpositions. Mre

. specifically, polishing conpositions different from

eac kD6t Rer LBy Ne faged SMay iite WO 0tE0 edfoviliRy @onductor
lay@%r%nﬁfthgeﬂgyﬂﬂdHWég gggaég%f¥¥¥n¥§§ngeﬁg%h of which is

posi tioned outside the trench in order to expose the
posuppencsurigse def thise trmmdrer naaydre o retrovingeitihetwo or

morge%idgglogf (s %S%g%tionnpf ng condu&tor I%yer .
SoSYPFSn8d. POoursitdd (ERITENCIP Hhd tRé SpSFEicart 167 e
polhantiiner chayeks i tpesist idarfed reiisifdent headi estghet MmOy ded used
. to expose the upper 15 surface of an insulator |ayer.

in Fﬂaﬁe\?gﬁpst Ré ‘aB&RE ViEthGd Padquit édi% RUEE g vidr KElt®

conBleYbde 1bhe rt We sak iR tRes & t RO SHN in order to
conposi tions, and a lot of work to replace the
exXpp6ki §hiengreerpesirtiages o fwdree iy naorki Ngh weff i ciretheseniav ing

d . .20 . I | ccor di ngl n.
e EPOar Plhe "hroSoAL Vet IOn rer i oviane g dos Tlonea.
outpbHeshhrgtecenpasiahidon heayiong itdre cabidhe warr jpot i sdyar

2%.tit3niug1ngte&%altat a. hi.gh stock renoval rate, and
PosE51BPRGY GBS ol 'Shithg bt Hod Uiy SUEH B ol i ¥hitRper
sur€QHPOsSIEt kANinalaehireve vhe faragobny and abbBet method

objectives and in accordance with the purpose of the
reqpiegent iRYeRfi BRL Kat30PFENIisHH g Scomsosin it g scypes of

pol@EQthegpmgggiEQEh§D|aﬂdcgnﬁgﬁjkkpmorﬁ(yb!E%%ﬂébéﬂkhe
application for polishing a titanium contai ning
polééﬁe@g,cpm§paéé90ﬁﬁpewbﬁaﬁbw.y%ﬁwynmaﬁiﬁﬁckﬁﬂqxnhﬁﬂ
decSkhkea, and water, and has a pH of 6 or less. 35 The
present invention also provides a polishing nethod.

SUMMARY OF THE. INVENTION

Accordingly, an object of the present invention is to
provide a polishing composition having the ability to polish a
titanium material at a high stock removal rate, and to provide

a polishing method using such a polishing composition.

To achieve the foregoing and other objectives and in
accordance with the purpose of the present invention, a
polishing composition i1s provided. The polishing composition,
for use in an application for poliéhing a titanium-containing
object, includes more than 0.1% by mass of colloidal silica,

and water, and has a pH of 6 or less.

The present invention also provides a polishing method.
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2 The nethod incIUdéS_preparing the above polishing

conposition and polishing a titaniumcontaining

object, by using the prepared polishing conposition.

5 O her aspects and advantages of the invention wll.
Thehaegredpparente s romrpdeliol tlow Agodespel pshong takersition

| n._conjunctian wth the acconpanying draw ngs, .
and (oSG by TR DT SRaRBT Bt D PET noi B RS bPTt e
prdoaedd gl 1 s BRI Emdd=SGRIRT) ON OF THE DRAW NGS The

i nvention, together with objects and advant ages

thereof, may best be understood by reference to the

fol lawdg 5 grsard Fétdcprbcpiarté‘%@s' esenthy PRELRFIsd will

enbodi nents together 15 wth the acconpanyi.ng draw ngs
bedamenkirgte reFec i wfm Rilys . fdl lgwii g i deacerpsseogectébaal 1n

i e or. iJdlustrat] a polishing nethod according.to
e S LS ARG L et SRR Y
wa yDESCRI:RHfN @ el ki IRRERERRER EMBED MoNIS: 1 &he

enbodi nent of the present invention will now be

described with reference to Figs. 1 and 2. 25 First of

all, a nethodrfar besorr@TeONdUEt @pMDRMGNES (See

Fig. 2) on a sem conductor device will be descri bed.

When the conductor wiring 15 of a sem conductor device

i's r ho j | 9. A, fi b [

13 z}fﬁ% g% con L?f:ht’o%daé}e@rg labrhe 4@4%% o%{%n&ﬁvér?é’%es
thamsfl atmery legsar bkl drald rer @fH it rentdrdi®ce The the following

i nsul ator | r 11 nma e an ne of a S filmsuch
ae 5P R 4P e Fslent e SRR 1 | e bpa oS her
withi ltHe a@ddpdiyimg anthwirig LG iddicThe trench 12 is

formed, for exanple, according to a |ithography

t eciGoGy drdSa gattdl i etchi i YECHIfSt oy @ Whi £ afer
11 1RURIAGI M KROWRH 1 St g 3R dhad A dY Ldetersd netk dSshbgfiment of

pattern can be provided. 3 _ The barrier layer 13 is
thet gres@dn WWeitisil-at or [ayer 11 such that the
surface of the insulator layer 11 is covered wth the

barrier layer 13, prior to form ng the conductor
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

One embodiment of the present invention will now be

described with reference to Figs. 1 and 2.

First of all, a method for forming conductor wiring 15

(see Fig. 2) on a semiconductor device will be described.
When the conductor wiring 15 of a semiconductor device is
formed, as shown in Fig. 1, first a barrier layér 13 and a
conductor layer 14 are formed on an insulator layer 11 having
a trench 12. The insulator layer 11 may be any one of a Si02
film such as a TEOS film, a BSG film, a PSG film, and a BPSG
film; a SiOF film; and a SiOC film. The trench 12 is formed,
for example, according to a lithography technology and a
pattern etching technology, which are publicly known, such

that a predetermined design pattern can be provided.

- 3 -
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5 layer 14.-The barrier layer 13 is forned, for
exanple,. according to a PVD nethod or a CVD net hod.
The barrier layer .13 is formed froma titanium
conmpound such as titaniumnitride, titanium or a
titaniumalloy The barrier layer 13 may be, for

exa I si ngl.e-layer_structure conpr, Si
tit aficum?® 6%%&@&%%.%% | URH 97 e Jyrg%ul%*foa layer 11

sucthV\Q-Ha&yﬁtmeStsrdiCﬂaLHee ofCOIAY | SN A 41 tapjam i ayes afdedeq
titaniumnitride layer, or a three-layer structure
witdorhe $iafy itaio Y& et it IEaIyJé?JS andfarming aphenvandniter
yar, in p t u The '
la}J i ?Iﬁnesgﬁ%f B?Eg Egr\rﬁ?‘g%rl ayer\@o ers :)Hr e;?é)rﬁagﬁ\/}()e/ar S
accsxrfdfllrlg ent lay BV mea:mcei)rmaraed:\ttm ndiehaept IThef daherier layer
12.'_ The conductor |layer 14 is fornmed on the

13 k}a?r F:éeffnqdaféroni? SucH tHarc p?‘é%%ts‘tl% #Fehthaidupgnitride,

tithinibed Wd B the congUc ooy | ayele bhrrikRe GARAUCHI may be,
layer 14 is formed, for exanple, 20 according to a P\}/

forpgppswlea GVD stlfod 2 YRT & tetal U Ls rrgomp@%an%ga titanium
t 1 ry s f

I R e A
compytilsemiourm tpltamiinumlege, amiafauunmarcbbalrutzamie layer, or a
thrn| cIieI Th r%%r%%:%t or . I ayelr r.ef er abI q

from tingstén” copper or- 25 asIIJn%Hé r%\ Sha a
tite@tiam ng thiigl uﬁy%heqmme%ﬁoséﬁﬂﬁhﬂﬂééﬂtbhe two titanium

Subsequent | portion of the conductor |l ayer 14 and
layﬁrspor?I’l%nt%%CI‘H%SBaPFl Efe| Bperies, leyen df Wi @erif§rably

sufR9eiibhengd th3Q Qut sige e tiengh Hepdl & fF We@ré%h 12.
- chemi cal "mechani cal polishing. Consequently, as shown
in Fig. 2, the other portion of the barrier |ayer 13
and e Qrt of; 4t t . C
pdshBecareL aarthon.oh e, apdictar g Aol 1
SuCI)n thhe¢ imsukatsor thayerehth Tie iporttiildredfv i35 tites conductor

I t h 12
Loy Bt on S AR E B RBUCE SE i hg. 187" Tha ot FaRBH <"

‘accbliéinbatoi er pivay el thddposi tivane dhsl desrt he ratenciy iy .

serves t prevent the diffusion of mstal atons in the
PL2gERIUEESAOR: ri hg® 38R REEOFhe VRS UL AL OF Fay&edyfrom a

conductive metal such as tungsten, copper, aluminum, ruthenium,
platinum, gold, hafnium, cobalt, and nickel. The conductor
layer 14 is preferably formed from tungsten, copper or
aluminum, since such a metal is high in electrical

conductivity.

Subsequently, a portion of the conductor layer 14 and a
portion of the barrier layer 13, each of which is positioned
outside the trench 12, are removed by chemical mechanical
polishing. Consequently, as shown in Fig. 2, the other
portion of the barrier layer 13 and the other portion of the
conductor iayer 14, each of which is positioned inside the
trench 12, are left on the insulator layer 11. The portion of

the conductor layer 14 positioned inside the trench 12
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5 The chem cal nechani cal polishing for renoving the
portion of the barrier layer 13 and the portion of the
conductor |ayer 14, each of which is positioned
outside the trench 12, is carried out at the first to
funfchilro(ﬂlsp@si shien@ chistens wilmiddel 3 r TSthepeldrshiorg ¢t efhe
part of the portion of the conductor |ayer 14
barﬁd§ﬁtﬁ@ﬁ@& duft SOFe e et dithid §he -@ﬁﬁ?édl%yserves to
pretReM ¢ale MBGHANICR] Ol NGtdhe Poldsdi Agndfctbhewiring
first polishing step is conpleted before the barrier
15 liayer the ilgsedpdsed.layen hlel subsequent second
polishing step, 15 another part of the portion of the
conductor |layer 14 positioned outside the trench 12
is Eeﬁowaémhyaahaﬁtmahldﬂﬂﬂpﬁﬁﬂﬁﬂlqgﬂﬁdﬂﬂﬂgmdnuﬂgttm@

upper surface of the rrier layer 13 is exposed.
ot 41 g

t he
POrtdoph et G@§e§@éﬁﬁqﬂn%qyer Rﬂft%?Ea?Es?Q%al
conkRick of 16Re rpant i en of df'"'%al'glc?:kpol@%ﬁtlcﬂﬂ/@cﬁ d4tside the
positione outside the trench 12, and the portion of
treplé Banriler chayerdldusosit itdredE igutsi e Eherd repbhshing
st EHOVAD By COCRLERLATRENANEGA! PRELSNLNS il dElon of
pér surface nSul at of
theexp@ﬁadtOZSlAypmlaﬂmpqyuhmqnﬁdtqunsxﬂnxﬂhhrurémbmhb2 is
pr esent nmbodi an .be .use t he flr
renBERG By, 6RETL B AIFEURRH IS e HHIGd St PaLe ning in
thep@lirshi p16erReg sited iis JIngflerad bdseeh he barrier layer
pol i shing conposition includes colloidal @ silica, an
13 é%l&%?Pﬁ&dage B, thRdswaceruess é@FPBﬁd§P1é§WF@§|%¥QHna
anorewe' S%a@% CRMRES 19R 1has AN rRetd A ar. irechani cal |y
polishing an object, in particular; an action for
posaapp@bw poltisgkliend ha ﬁmﬁm@hnﬁ&nﬂ%wnquVQQﬂbxnQhﬂmlcal
i S d a I S e
mechian s PSR s 30 B MRS LR e
barmmbkoudabrsﬂBlaa taposes. béncohtasnedeguethe third

0o L3RI 50 PrBeotts TR LYRIRGE'S O LIS ST ob 1] cane

cond@eaba ngyte@ aﬂs@b'ngh oplrear:ez;s,&scl@morur&e&ﬁn@plm, and the
portion of the barrier layer 13 positioned outside the trench
12 are removed by chemical mechanical polishing such that the

upper surface of the insulator layer 11 is exposed.

A polishing composition according to the present
embodiment can be used in any of the first to third steps.
Pafticularly in the third step, the polishing composition is
preferably used. The polishing composition includes colloidal

silica, an oxidizing agent, and water.

Colloidal silica in the polishing composition has an
action for mechanically polishing an object, in particular, an
action for rapidly polishing a titanium material. Colloidal
silica synthesized by a sol-gel process includes impurity

elements in a very small amount, and thus colloidal silica to
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“methyl silicate into a solvent conprising nethanol
anmmonia 5 and water so as to hydrol yze the nethyl
silicate. Wen it is not strictly necessary to
consi der contami nation by inpurity elenents,
be cohiteiidald smiunmtnmuyﬁhﬂnuznqmgb$iKIMQ ol pshfagably
nposi tion may synt hesi zed b an |o exchan
Synﬁgeﬁéé &n cgﬂ %ﬁ% B9 i s §Vh§ﬁ Qﬁﬁfﬁ) [folloidal

siliied- exchangegmihed,so11Qesloditisd 4 | €aher i Se sIS@Hli @i dg
startlng material. Fromthe viewpoint of enhancing the
methpil| Stiy LR tehé N Uso SV "o s8I T4 DT NPOl3RML @ ammonia
andt lwta%@ umomateriak,, 4Re JR L RdaAlt] 16l 8126: O yhen it is
col.loidal silica |s pr ferably 1 nm15 or nore, an
notnﬁmelpméWemabbpsarmmUm'qumsaaaawddnxamimatimnuby fmpurity
th V|emp i, Nt. of SURRressi| t he ccurr nce of a .
Lo Sreon P ef B 8d 166 Sag SFosia e R bhehing
com@bstiheonupper bs;ursfyamtele@fl & aeard n dhtué:stbkaaﬁq@nﬁétﬂ@d
is thickly fornmed is |owered, the average particle
Wheg; @lé101616|1| SitdaICa26 SsiANTEA g St FrFRY abf y1 OB~ fRFbenge method,
sodl @RS s18Re 7RI € spr.eter abl v %Qawlrfej ifsSr1dl. 1S
because the ability of the polishing conposition to
polish the insulator layer 11 is noderately decreased
t ha e c f _er r t.he
aver Sgn pact eraBERot of Brrada aTY eRily 35 T Ut
polhehsngZEOmpozatmmnomol@sglsﬁha amﬂnagﬁumamiﬂéﬁfas;zehe

colloidal s ca _can _he .determ.ned by a specific
aveQGpRabE ki BhCor et O dRidr o e B usaapy 1 nm

or AcBE] EBHhRMrecapde@cpantivcise nrdensindarof  bhe ceel Ilehdﬁl hand,

silica. 30 It is necessary that the content of
frogofFhgi JaPWBPLNEA Ot n SUPRE S§6IHNShitAE QiRIEIRNI%h De dror e

phekgﬁ@ngnl%@¥r%§lstbnagr d%rrosﬂ%%t” ﬂgﬁ&@dkﬁm}{@ level of the
conposition can have the ability to polish a titanium

UPPREt ERFARCEt 04 ﬁpgﬁr%‘oékl WérrsVala rtateschFrlgmitshechickly
£or}EEWRQ! AL, 8LANNAAET AG LR AR of *g% R I RN oy
1S I a en

conposifiron to po a ti'tanium nmater| € con
silofa is6predkkebdal 251 himcari Aetslye pmkiamnq;gxﬁﬁnrﬁuﬂynﬁo nm

or 08380, byt S oS Aot o} "Sanit WbGY BFeFBRaBFy 0"35% by
comﬁﬁSit@bnﬁBbepoiﬁShheh@tﬂﬁ@uﬂ&ﬁ@m laer 11 is moderately
decreased that the occurrence of erosion is suppressed when

the average particle size of colloidai silica 1is 25 nm or less,:
or 20 nm or less. The average particle size of colloidal

silica can be determined by a specific surface area of the
colloidal silica, as measured by a BET method, and a particle

density of the colloidal silica.

It is necessary that the content of colloidal silica in
the polishing composition be more than 0.1% by mass in order
that the polishing composition can have the ability to polish
a titanium material at a high stock removal rate. From the
viewpoint of enhancing the ability of the polishing

composition to polish a titanium material, the content of
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fromthe viewpoi nt ‘of enhancing the dispersion

stability of 5 the polishing conposition and

suppressing the aggregation of <colloidal silica, the

content of colloidal silica in the polishing
colderipssl tidnidas gy efles abd i ah D9g byomsslbitoness preferably

) 5% by ess ppst referab y
023 gg}&nga?syrro%sséooréo’l engg?gl%rel'ﬁ%r%gllﬁl zi fig akﬁgnrtn PR PheMore:
ancpmid:ﬁj‘liplgsmm.y to Gbhasy thess ast i voref axi ditzd ngeHde hand,

conductive netal as to pronpte the nechanica

ﬂﬁﬂﬁ Wﬁf%ﬂo%PQ: Lﬁﬁqﬂﬂf%&ﬁaﬁh%ydhéPﬁﬁsé6FI8F65Fllty of
theSidd1Ga&h 1PN ORI adi 6 agi d élﬂ%f@§§1ﬁ? tlﬁr@uﬁééi‘e ation of
- netal, an 15 oxidizi ng agent to be confai ned %
Coldaquzm I7g- ldsrposints orpntisntpref e¢<abl<yl@@l| @dlccacm the .

I C St

pOlgggﬁb?{ngqt égﬁéghanlcéﬁg }A 9 by ung% pr less, more
prefgtdaddiyuly. 7@atdynums sand: maefmummmtmmalmrérherably 0.65% by

peri o |c aC|d may be any one of orthoperiodic acid
MaSeHET06) 5> ‘net aperi odi ¢ 20 acid (H O4), di-mesoperiodic

acid (FMIZCB) nmesoperiodic acid (H3106) , and

di -orthoperiodic acid (H812011) . Preferably, the

per i'86i £*acid g GEERGper ddiT R IBEh et a@ereition has the

_ act%to‘?iblo% 0% 1 CGYTRRS It OR o RNE SRR lrﬁ/?@é/la' t?b%%ethpLF&Qg?}e the.

the vi ewpoint of en anC|ng the ab
mer@InllglalanOdomosugt iodn & @quolu i e ommhlbtbweisim atolloidal

gpt oxi di n t.he palishin
Sll&%%p05| 11 6R srﬁ?e%grgﬁﬁé ggggﬁﬁsnﬁ s 1P YUtore, it
ox1ﬂtﬁ1lzengr ebyenablty b.eO%Dbl)tald'&SSerrtH@rpﬁ)lﬁhirhﬁ @dirht%sulon
han m t he vi ewpoi nt of 30 suppressing the
1s BEg FF@HE@ BEréPEdicorClthe £BRt BRE 16 14n 2C44 diesi irge action

of @geahgw bhempelinghich@ GRMQS] itdan ;ic?‘ljpsrrﬁfrﬁfa@fya uPten,
by mass or |less, and nore preferably 2.0% by mass or
rUtP§§§UmIIPlﬁ§lﬁé@au§@dtﬁéﬁﬂ%qmtﬁPQﬁr#%k-p@hﬁs@ﬁﬁgodlc acid

maycggpg§?tb9@ Le oQQ%b%%r&%% g{ &%¥?r Aét?ﬁ Egﬁlc

i nsul a | ayer iIs 35 no erat decreased
aClécdﬁﬁpehcedbfm@$@9¢0h0¢sc 3Cl§u¢ﬁﬁé$8éd whewaheodlc acid

tent t% ré? ent @6by
(H
3? 3 %n&).b %Hg§! §?é§£$g%s<j &ﬁLZ . Pre%%ra%ly, the
perlodlc acid 1is orthoperlodlc acid, because it is stable in

composition, and easily available.

From the viewpoint of enhancing the ability of the
polishing composition to polish a conductive metal, the
content of an oxidizing agent in the polishing composition is

preferably 0.5% by mass or more, and more preferably 1.0% by

-mass or more. On the other hand, from the viewpoint of

suppressing the occurrence of erosion, the content of an
oxidizing agent in the polishing composition is preferably
3.0% by mass or less, and more preferably 2.0% by mass or less.
It is because the ability of the polishing composition to
polish the conductor layer 14 and the insulator layer 11 is

moderately decreased that the occurrence of erosion is
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Water in the polishing conposition acts as a nmedi um

for 5 dispersing or dissolving conponents in the

polishing conposition, except water. Water to be

included in the polishing conposition should include
SUPRHESSTED MRSEY i e SORRNT thustie %1 prefev apFgnpuie 3.0% by

ma sWRLET 1 T & PUT @ MNAL LI A odislil]ed water. 10 The
pol i shing conposition of the present enbodinent is

prepared by m xing colloidal silica and an oxidi zi ng

agent. . with water. -The .m xi ng nmay. be carried out by .

usi %3 & withg ! ey;?e()lsjtsﬁ“rlﬂ%gc corﬁyjntelod} AT a%dﬁ%/%lum for
dis@lespeng @t mideayal viim gl @ drtes il t s hi M or 6@ NpeBi & 1 ORg Of

t he present enbodi nent, fumed oxi de-particles may be

co"?&&ég.l%eﬁxﬂ?é’tf WP Toxi HELFepar-ti Ofed Narleickdtdd tidie

polliR® iRQ| IhiRG 1GaROSIHJ Oy ithe all Ihdyindf {RSirities, and
pol i shing conposition to polish a conductive netal iIs
thug ignAgneae L eTiad Livumad coxiadespards tote o e evd her ace ¥ on

4is@h 11echanical Iy polishing an object, in particular,
the “action of rapi dly polishing a conductive netal.
The funed oxi de-particles can be synthesized by vapor-
25 ase hydrolysis of chloride in oxyhydrogen flane.
The TP EnBa L SRRaE: GAFEPSted Aha Ut AT PR IEnt 15

prefBieby biynma x ihel aldive)i=amadill iPWHg and:have; shehalidh e
. Structure wherein several to dozens of the particles
withr vatRiree- HifreR5K6REl PyY BEgFegated. 080 e usdmeda wing-

typ@EE%hr9§h@em8%EEh%'%rt%nb%%%qgng$Q;EB%pé%@%ﬁHﬂﬂ¥&er.
conposition may be any of fune -sﬁ1|ca, funme
alumna, funed titania, and funmed zirconia. Anpng

t he neg -sitha and funed alumna are particularl|y

i oh0; RHERBosdEnif8 BRRpLUTER, BF ML R Snlidthent,
fumkd pattieepharticllesedasi biecadded.8 wrxeekhenttumBd oxide-

%tazilit¥ thH it coeﬁists wﬁ%h col | oi dal, silica. .
PartyhePst or g, “EAE Gited 6xPAe-FArTIcIES RS fe Haded't gPility
of the polishing .composition to polish a conductive metal is
enhanced. The fumed oxide-particles have the action of
mechanically ‘polishing an object, in particular, the action of

rapidly polishing a conductive metal.

The fumed oxide-particles can be synthesized by vapor-
phase hydrolysis of chloride in oxyhydrogen flame. The fumed
oxide-particles include an impurity metal merely in a
relatively small amount, and have a chain structure wherein
several to dozens of the particles are three-dimensionally

aggregated.

The fumed metal oxide-particle to be added to the
polishing composition may be any of fumed silica, fumed
alumina, fumed titania, and fumed zirconia. Among them, fumed
silica and fumed alumina are particularly high in the ability

to polish a conductive metal. In particular, fumed silica is
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pol i shing conposition are preferably funed silica or

fumed alumna, and nore preferably funed silica. 5

From t he vi ewpoi nt of enhancing the ability of the

pol i shing conposition to polish a conductive netal,
exqdjeleniveraget Pari iy ewlezelbf copsispedith colloidal silica.

.Theooé'n%?fé’,a!‘éﬁ&! BEnd & 9&@?38%?:%81&Qet8°£iesgh§%fotﬁmtge

conposition is preféera m of nore, an
po Jpr&f et@abt ym2ds niml ot D¢ epr&hethiel ot bemeband ] itroprt Hamed

Vi ewpoi nt of suppressing.the occurrence of erosion,
al%r?ﬂé“vfrav%?dad%%%r Jf%f%r%f?bé g\‘lm%ﬂesﬂjhﬁa-

oxi de-particles to be added to the polishing

conposition is preferably 45 nmor less, and nore

pr eflgr@bl SN B nrrintesst ¢nharchegatke dhelabll pEytbe
polt e, ROl SN g Sorposid | on, Lo polisheihe fosubat or

‘ayer 11 1s Tnoderately decrease a € OoCcurfence
avedfager QN ¢ e suppres selte wheme d hex aderagetpaitscke be added

si,ze of. the fumed oxide- ﬁarticlef to ge g ded to the
O dol§ i ng® ISTER Ot T 5°U5 Nk bt S F@REY 38 R gpre. and
mo de€§Sre flaBMEragenpad t i kb e Si 28 afhd hee 20 fuied, from the

. oxide-particles can be determ ned by a specific

ViR itle CardP et hi1 ¢ ot i daFusTERed, ChsereastRedt by

_avéz%ﬁgrﬂg¥€¥%%eEEE%eE%fﬁ#éﬁCf@m@&”é&Edegﬁa%P$ﬁ§8glebdgé added

Ica ln a manner sim. to the case o e averag
to pgare iretlel Fiizeg oforawdd i dab 5% | prafedoFyoAbt he or less, and
vi ewpoi nt_.of enhancin he ability of the | i shing.
MO Vggesﬁ g|°‘ob(r)1l§{ ?Hr;or}rﬁl s Lgafecsosn'oluc b ve %’e F ﬁtg‘le c‘%ﬁn%hiiy ot
theofpdluined raxi dergaag 1t icdrest d npd hespot hshi ngutopositiyen 11 is
to which the funed oxide-particles are added is ,
ORI S ablF CAE B Dy s st It MoTRirTeRTe Pt eFEPEBPY 255%

sup JHBRSESH WhdPltehe @v@m;@gﬁgr@{@i@r@pw S5 ShBYF i8S oxide-
or nore. On the other han fromthe viewpoi nts of

PRISHIAIRS i e ALY I SteM} 1§31 DFCORMRS pbl PRI g5 nm or
1esEOMRASI{d Of ad SUDPr e54iNG e A0YL9aLd 10 Of ;o the che

fumed oxide-particles, the content of the fumed oxide-
fungar tdcldssRar thel goldahirg dohposinednoy o2 wipehifhe surface
are%urgefj t?h5e Q lq_ecfipoagt ISCJLl lels’c:a‘fjl,r ea$drgee%?lln§%(§)r5§g/ eL agk,y r%gg/%od, and
y nmass or 1°ess, nmore preferably 7. by mass or
a deessiclandiarosit ypref ertablgoBldPdal silica in a manner similar

to the case of the average particle size of colloidal silica.

From the viewpoint of enhancing the ability of the
polishing composition to polish a conductive metal, the
content of fumed oxide-particles in the polishing composition
to which the fumed oxide-particles are added is preferably
0.5% by mass or more, more preferably 2.5% by mass or more,
and most preferably 3.5% by mass or more. On the other hand,
from the viewpoints of enhancing the dispersion stability of
the polishing composition and suppressing the aggregation of
the fumed oxide-particles, the content of the fumed oxide-
particles in the polishing composition to which the fumed

oxide-particles are added is preferably 10% by mass or less,
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by mass or |ess. Wen the funed oxide-particles are
added to the 5 polishing conposition, the ratio of
melght of the funed oxide- particles in the polishing
onposition tq the total weight of the coll oida
mor@. PirEd SZR¢ he At Fase-Part§tiestith Thet poefehrhgy ©- 55
by &@EROSi iR s preferably in the range of 77 to 97%
and nore preferably 84 to 95% Wen the ratio is set
in the 10 range above, both the ability of the
poI hi ng,conposition {o h a t|ta natejlal
f] ggl [i t%eéjf Otxﬁé:1 p(ﬂaprs l|C§lg orrsposé{?na
polﬁ_@ﬂ’ﬂl&l@ acopaductione retealrarie paf tweldar | yf ﬂfkeérafdﬁa@&yomde—
enhanced. 15 To the pollshlng conmposition of th
parfiedest 1nihdG MO S 1A AT N tt‘%atth%e‘ir‘?ﬂ'e%lt%elght of

thePE@MTRLE dhhe saatiican 0fd e < Z NHAGeM : fBYebein the
added. The polishing aid to be added to the polishing

poléshposi Craroiss tpraf esalsine fenmdtldt igalthcawmge of 77 to 973
andg%ﬁ ‘}gt pYEB2dy Bl agenl.um pitrate, Aoni ym %'ettf e the

t he advant age of “haVi ng nmoder at € “oxi dat’i ve
rangemeboa&d bnmhudhngauuiuunnﬂﬁtqhdnﬁdﬂfﬁhﬂﬁgﬂﬁdmpb51tlon to

vi ewpoi nt _of. strongly prono in the action of th
P01 YRR kR Rt MoTRe e Car B (e o & neab) shing
combbBeit23nPebi $Bi1AGhHC AMRAFIdIAT ded ntieh d:he ot Shingr1y
aid is added is preferably 0.25% by nass or nore, and

remgkabpyefB8RaBICPdn. 35% by mass or nore. On the ot her
hand, fromthe viewpoint of inhibiting corrosion by
t he polishing conposition, of an object to be
pol Tehede phéiebatngntomposhe ipol bihkm@ @ir semtt lenk8iment,

Li hing_c S|t|on t o whi ch th i shi ald S,
a peglgé g’mg aﬁrggflier &brPy 1Y S55 96 by iR sgceg?cqeesasc bt e
oxipiefiegabbyn. %5%)b¢ a@&&ﬁ orThessola@dlﬁqsblﬂrebeb@bbﬁded

| ess. i,.s absaq necess ry that
to PHE BRLSPIERE BOIPERTHGOas S o ARy Feldnghaving
oxi68bBedeNeBlveke 6roEmhesS u ﬂQrtd%rte 10Amhba&utnhalmate has
pol i shi ng conposition can have the ability to polish

theaafirfﬁaﬁ?% Rét BRVANJaflodeiagle srddie trisifowavatand Frgpduding
no tRBurYk§WRekAl sof enhancing the dispersion stability
of the

From the viewpoint of strongly promoting the action of
the oxidizing agent, the content of the polishing aid in the
polishing composition to which'the polishing aid is added 1is
preferably 0.25% by mass or more, and more preferably 0.35% by
mass or more. On the other hand, from the viewpoint of
inhibiting corrosion by the polishing composition, of an
object to be polished, the content of the polishing aid in the
polishing composition to which the polishing aid is added is
preferably 1.25% by mass- or less, more preferably 0.75% by

mass or less, and most preferably 0.65% by mass or less.

It is absolutely necessary that the pH of the polishing

composition of the present embodiment be 6 or less in order
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pol i shing conposition and suppressing the aggregation
of 5 colloidal silica, the pH of the polishing
conposition is preferably 4.5 or |less, and nore
preferably 3.0 or less. on the other hand, fromthe
thay émsoinetl igh ingp praswsisig tde catcuwventlee ofbet bsiyonp polish
n ing . i.n _handle the polishin onpositi.on,
a tgﬁ %Q%Sbgﬁﬁ%%gaéqﬁﬁbﬁbnJ‘Hgéﬁﬂﬁ%ktﬂ%“gY%% gggio F1om the
viepoldishi rtf fendrarcamrsiton,dideefloi $hebpdl tghobngthe
conposi tion 1.1 or nore, and nore

i.s .preferabl Ii
- POLdSEREPa APPSR S5 e e SL{RP%%%%HQ o~ ] AT T EHRE pRP of £

coltike dral isshiiRg ,cemMROSIH ian 4 dtesiy abl ecM@by8it BoRHis
adj uster may be added to the 15 polishing conposition :
pregierEid YprieSewtr eifisedi mes MoAsE trhee i alally ust @roroldes.  On
thea%q,%%.rt %a‘ﬁl?le r%Q-_JolmS I VCJL%%OOS'%E Rebi saupéJ é‘sjsir&?r@ﬁgnd
“containing o metallic |npurﬁt|es i s preferred; and
occsipeeinfdec alfl ¥ ramiom, a,crazranmnidmmesalt , hami e, tide polishing
m&;aternary nmoni um sal t, or, uaternanﬁ ammmoni u
CcoO

m -
droxicde” CAN BE SIGémile St e Ao’ thety e time of
polR@htingulfatbm QWatrelsnay, DM s iyl oxd desisied @Smposition
~ tetranet hyl ammoni um hydroxide is preferred because of
1s prefeas®livn thandti AL STo Atk M5o1e sHi e Tmpns? t§ o gfore.
the present enbodi nent, 25 a corrosion inhibitor nmay
" be added. \Wen the corrosion inhibitor was added to
t he Ipobirgkirngoc enpositt itbwe, pdorafositen wflidhengcomyptoition
|Layer .14 th ol i_shi Qonposition.is _inhibited.
to Ao UER AR R Rt B S e MiRtedhs A 8 She
polpehiishi AgmeeRPasioh of, thenzotgdeaarnoldnbddindrst. As the pH
erivatives are 30 preferred. Benzotriazole and its

d . ,
adlygrriatrves REFE e tadv amiage 1819 SHOW IR & Str chgpasic
comPBLhE0 LSV 1 AGt IeN @VaNn 11ikt & mpi¥Bld 1 oUNty r S e d, and

as containing no netal elenment inpurities. 35 From
SPECRé 1FPeWIOPREICS 23t PENGIAiMMDitA Iig G#iMsdi oh @faternary
ammbd i ukN@ 26@NdUet oF, Jl-ayern 1A B dNePol M Nte can be

conposition; the content of the corrosion inhibitor
enung reffedpol Ashinggt neonposi peohitolahki chuehe roeryosimownium

inhi.hitqQr is_ad [ referabl.y 0.001% by mass or
hydﬁggé?ea%&choﬁg g%gggiggﬁyﬁﬁﬁﬁgﬁﬁﬁm hydrox¥de ITs preferred.
because of its ease in handling. '

To the polishing composition of the present embodiment,
a corrosion inhibitor may be added. When the corrosion
inhibitor was added to the polishing composition, corrosion of
the conductor layer 14 by the polishing composition is
inhibited. As the corrosion inhibitor to be added to the
polishing composition, benzotriazole or its derivatives are
preferred. Benzotriazole and its derivatives have thé
advantage of showing a strong anticorrosive action even in a
smail amount, as well as containing no metal element

impurities.

From the viewpoint of strongly inhibiting corrosion of
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- predepibay Dyl

5 by mass or nore. On the other hand, fromthe

vi ewpoi nt of suppressing reduction in the ability of

the polishing conposition to polish a conductive

metal, the content of the corrosion inhibitor in the
thepglonshiate rcdmussi ti‘orPyt o lvhi ehl t leingorpoppontion; the

i,.nhi, bi t i S e pyef r abl 2% by Ss, or
conﬁggg,ogﬁ&he 5%¥¥(%lon ?E/yby YR %g?f%hlngTo

nore pre erabTy NRSS

- contphe ipdlans hing/ eanpasid iasr vfside presentoenbediarad, is

a surface actgv agent may be added. Wen the_surface .
%@ose?j o R pA P HRPEE cORPESF 2P oK, 0- 0033

by R@s0¢tuUrgRce oh5tat acpbenoneRon meferdied th%@p%mt of
"di shing" is suppressed, wherein ‘the Tevel of the top _

suppyebad & Jofr edve tdemd uct grheniad gl tusof stfll@\/\leqobdsnﬁsgt he
com%% 1%(‘1%na%tl\f3%l%%%m tcoonba% acdldved r&o L he t}QoLégrli]ltgrgt of the

05|t|on ani oni ¢ surface- active agen
cormonu@nlan$umha@&-amilunezppﬂﬁshfnqn¢ﬂm@mgﬁhlon to which the:

Speci ficall the 20 apjopic surface-active agents
corPREt e AR oy 1 6 A B P RUE N So T o eSS o
les@Gi dnsahborep@re®erathyl ene &l ky eidercr caeboxyl ate,

pol yoxypropyl ene al kyl et her carboxyl ate, and an

acyl ated peptide;. a sulfonate such as al kyl

-sul fgnat.g, po@h%%lﬁ?n%%% d@ﬂ (5HH5% fﬂé(éfgggﬁgugﬁ%ghlment

sul fonate, “25 naphthal ene su onat e, sultosuccina _
a sarébeélacguWan@E®t anag Hﬂ%ﬁ@d@$u|Wh&@t&hai&nﬁﬂdﬂe(actlve
sulfate

ageg§tggssgﬁg %stsulaagidég%%iéﬁ%%%1 zﬂqﬁﬁ _I$ygccurrence

ther “sultate, pol
of subﬁahememlnyak)faﬁ:@@‘ﬁl enre aa k)dlaiHMg’etlhﬁrs@MH@ésﬁed

and al ky Iﬁﬁ]de sulfate; and a phori c ester such as
whezpgy 080 l5KGspRat éhepGICVo%ﬁ%ﬂeer%f g1 M C e heyiring

15 phosphateqd.anfls pRLyoxyprepykene al kykall o efheliged to the
phosphate. Specifically, the nonionic surface-active

PolagBhhe FREPEEE LaRDet REr SMYSE iU T fRr Yot Slokyetdge Bneor a
non@BKXEpQEQ¥ @LQ% uvélg pgﬁhqué¥%§ %ﬂwmial l%'g%%ally, the

fornaldehydeJCon ense yoxy ene et he
anipoﬂyoﬁyeﬁhybeﬁ@tpaby@mypt@pyked@dﬁ(ﬁﬂC%ﬂﬂgﬂnﬂqtauuhch as

soaéfhapﬁ'¥8§XS%%¥ g%lgog%%ﬁyprcH¥7§5ﬁ H@n‘ﬁg¥¥%ﬁ ether

er - est e such~as h0|yo ne et her
carpbyeerin, epbeypxyp@bng¢abh¢u&@e_eﬁﬁmyr(ﬁaﬁﬁniyléﬂb and an

acy?gtg& pggglﬁgtygxéﬁﬁg%kgﬁe such as alkyl sulFonate,
alkylbenzene sulfonate, alkylnaphthalene sulfonate,
naphthalene sulfonate, sulfosuccinate, a—-olefin sulfonate, and
N-acyl sulfonate; a sulfuric ester such as sulfated oil, alkyl
sulfate, alkyl ether sulfate, polyoxyethylene alkylallyl ether
sulfate, polyoxypropylene alkylallyl ether sulfate, and
alkylamide sulfate; and a phosphoric ester such as alkyl
phosphate, polyoxyethylene alkylallyl ether phosphate, and
polyoxypropylene alkylallyl ether phosphate. Speéifically,
the'nonionic surface-active agents_include an ether type such
as polyoxyethylene alkylphenyl ether, alkyl phenyl ether,
alkylallyl formaldehydé—condensed polyoxyethylene ether,

polyoxyethylene-polyoxypropylene block polymer, ‘and
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ether of sorbitol ester; and an ester type such as 5
pol y(et hyl ene gl ycol) fatty acid ester, glycerin
ester polyglycerln ester, sorbitan ester propyl ene

coI ucrose ester nmeohoxy acetate et hoxy

pold s OBIRVAETES ANEY bl GhihE’ et hyPther-ester

typRStseich Ehe mry&ry&hyswﬁ@c&n@ﬁtweg %§@£§n”@¥t@§ an
et her such as poly(ethylene glycol), pol y(propyl ene

po lglopysiohy lsalsy (gt armst h‘gméWetegrl yeotgr, pollypetigkeachylene
ccrdly el >coaakt}s]>@oletetgeger Pal eettﬂ 3%: gg;(%: duchl kgny!

yl poly(ethylene gly
polg'dl%ﬁ(fﬁiﬂmeer@d&giqﬂdolﬁamdyydcm h@ste:aj kyly ot yi eéhydaene

eo SRR 12 S oA P D e, gLyl

sucpelsy( etsyrgnee Glosspldcal kenylewidhey , a@@t{a/t(@r opYd €6k y
gl.ycol) al kyl ether, poly(propylene egcoI) al kenyl

progﬁﬁ@@tea|@ﬂd[§y%ﬂ e%ﬂ@@0|ﬁ €aljgyjionic surface-

| )
BRI 1 R e o -

polydm@pwdwteeméycm gl yoodly) ( t eatl hegwnyd h ot g py opyd Ene

o013 S8 By om0 R i e G G0

alksaltl thereof alswch pas yeloHEspar tg1s, @i )d) ,alkyl

| t d), _polyi | | d
oo A e e bt U P HaA g a)s LycoL)

al <%5Iy@0b%%<2dl WMRRt AN AlB)ny 1R aJT A&, AC datken 1

mal ei ¢ acid), pol y(|tacon|c acid), poly(fumaric
poladﬁa;ylsepyeéywyr e@ékyc,iarewcr»qn,r @Jatardal qstollyy(eaﬁnyllerroe
gly@g Q)al@%h&QCEXEQQId?gyﬁﬂkb acry kyl ether,

y amonium acryl a crg}ate
polgépyéanﬂdeeagﬂ@ﬁola pdkﬁﬂmhrﬁznmm(ﬂakﬂpﬁﬂpdﬂpéﬁﬁdpyfﬁne

glygglgm Xﬁ%&‘ldﬁoﬁg %)1 £991.UT 33 do&f} ty%q){qcc’)é%o:a)clkyl

SUC
polp@by@pyﬂyhpygﬂ@bbdoneﬂken@ﬂdeﬂ@bwacmmhﬁdyl(ﬁbkylﬁﬁﬂpylene

sal.t thereof ni_um_ et hyl
9LvEGuy at 81 ReB AL RO R P o AP &LV a oA G AC Her, and
alkéhbﬂab@lyaﬁﬁ@ByQQh@t@lbc@Q'f@ﬂ%ed?““@@ﬂ@?knglﬁol/carboxyllc
sul fate, 35 sodiumvinyl sulfonate, sodium 1-allyl
acidypfonafeltssarumrrs- f@Cha@ﬁypoéwlﬁ@ﬁ@ﬂélES@mhﬂh

pol??&BQ%XHEEthlanyBB@&?ysggggnb%qb malic acid),
poly(methacrylic acid), poly (ammonium methacrylate),
poly(sodium methacrylate), polyamide acid, poly(maleic acid),
poly(itaconic acid), poly(fumaric acid), poly(p-styrene
carboxylic acid), voly(acrylic acid),_polyacrylamide, amino-
polyacrylamide, poly(ammonium acrylate), poly(sodium acrylate),
poly(amide acid), a poly(amide acid) ammonium salt, a
ooly(amide acid) sodium salt, and polyglyoxylic acid; a vinyl
polymer such as poly(vinyl alcohol), poly(vinylpyrrolidone),
and'polyacrolein; or sulfonic acid or a salt thereof, such as
ammonium methyl taurate, sodium methyl taurate, sodium methyl
sulfate, ammonium ethyl sulfate, ammonium butyl sulfate,

sodium vinyl sulfonate, sodium 1l-allyl sulfonate, sodium 2-
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et hoxynet hyl sul fonate, sodi um 3-et hoxypr opyl

sul fonate, and sodi um sul fosucci nate. Anong them

-pol ycarboxylic acid and an anmonium salt thereof are

preferred, because of their strong 5 action for '
alléupp%@sisqwgtetrhe%%w riesicieo aymelt Rt n@ulﬁ@n@h@, ammonium
tﬂ% n
© anlc solvent &%&pbéggjdgg yfﬁg or%ﬁ g%ﬁ g?é and
soda$nlauﬁﬁmaundxnambspémsxmgt@mndl$mﬂyuanpqullc acid and an

conponent.(.s), | the 10 pol h|n osition ,
L A Attty 35 Ye HHF« DRGRH T Wht bheir strong
acts@rulrdd ts)up@mésmtrﬁj udw\esrtﬁdf&hlbﬁéméé/ ofAsdidgingrganic

sol vents to be added to the polishing conposition, for

exanpl e, al cohols such as nethanol and isopropano

gly%l%hs eh 183, el ene S yeyl o2 Jetict

can be 1§ ghuﬁérétgg The coﬁienf)ongﬁ %ﬁﬂ?cg$g&glment
an Sﬂ@@@n&|3®hﬂﬁ9t;mﬂyshﬁrgﬂdmmpo§mE|@mqamuMﬂsdinnt acts as

an| solvent i S ad e ref er abl S% Mass
o maR & o e o i s DG o S oReny 4bngn the
polemadﬂgnmposa&ltdm congenttiatu oy (dessudsmett 08) Which is
each of elenents  belonging to the group 2 to the
Low rlé‘uﬁi’affrofsotlh’@ldéTtl"ocﬁr@ 1 & laiﬂﬁra?%ﬁﬁlﬂh’hi{- As the

orgg%|b|%@lve%Q%U@b thaldddem dd hd §adh i 8thg k%é%%%gltlon, for
(among them in particular, the concentratlon (mass :

exafipaet i Gn) oo leashchf a@om@etrhanqlorandwllcﬂémroman@kn u ycols

SRS S ETar e v Y5 pi e i Bl (BT R e

enugegap eaunbéns QQUVentsorbaSedomganlbUBémvn@mEncﬂaﬂmre

01485 GRERRE Gt COn e FUS UV et 147 Eeampt 3, Sdded i3

preliy ra®i1pg 0anm e |b@u&b@%eb¢ cay .ed plasma mass 30
spectroneter (1 CP-MS), an inductively coupled plasm.
atom c em ssion spectroneter (1CP-AES), an atom c

abs@rPthaNposREaY heMeLaho sk idnt Qffak Heefd REId AN A iment,
fluorescence analyzer (TXRF) 35 Wien the polishing

thecéﬁﬁ@@@ﬁﬁéﬁl@ﬂ tﬁésﬁréééﬁﬁﬂéﬁﬁomﬁnﬂﬂCh:Pf ¢ lemeyees f or
belghgghga ytﬁ%d 4%% a@' fﬁ?f&ﬂyl¥btéﬁaéﬁgt Ploglc table,

uct or Iaye portion arr er
andlaygmlnum, galllum,_lndlum, thallium, tin, lead, and

bismuth (among them, in particular, the concentration (mass
fraction) of each of copper, iron, nickel, chromium, and
manganese) 1is preferably 100 ppb or less, and more preferably.
50 ppb or less. The notation of the group numbers above is
based upon IUPAC nomenclature for inorganic chemicals (revised
edition) (1989). The above concentration can be determined,
for example, by using an inductively coupled plasma mass
spectrometer (ICP-MS), an inductively cbupled plasma atomic
emission spectrometer (ICP-AES), an atomic absorption
spectrometer, or a total reflection X-ray fluorescence

analyzer (TXRF).

When the polishing composition of the present embodiment
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13, each of which is positioned outside a trench 12
(see Fig. 1), for renoval of the portions, the
surface of the conductor 5 layer 14 is oxidized by
the action of the oxidizing agent, whereby the surface
is élfsel%éocfoﬁdﬁéfﬂ&ra]ﬂay@rm&@q%h%ﬂ%y eeol1ghéng hehe portion

of &MY Id ffgyéfﬁﬂf'Hﬁj qngy &ft#@% §¥o€hé3barrler layer

pol i she ennved e action o i dal
13,3Hao®aomemQCHlu§;ﬂﬁaxﬂmqnpdannsudeom ofendle pZeseat Fig.

'I g?&%%pt qg%ﬂ$gﬁlsto IlHE%DJgﬁpg%%% %agﬁgoﬂdgcéggductor

1ay@crndulct1@;r dxayarzetd dys ey neek £4:0m8 £ temgsd endi £ Ungsiednt ,
on the surface portion of the conductor layer 14 is
wheggPdi 70¢ iSEd A En gt i a I HE O nhler ¥dy 1 het s seifpatetled,

andgfsthteh%m%%%qte%r savelcel 4 4 S—m%&ad@@or Fury ngfﬂ)ffs

he pol i shing conposition of the present odi nent
poliisbleddesd n@WQVﬁwa@M)th%kngmnn;qﬁ colleidal silica. Thus
h _has the act.ian of i.shi i tani um
thengoérllsgllngTﬁl?énpo\ﬁﬁé:ﬁ()t Ofrgcglrrl earilter Q%Dﬁﬁ]sm?%ﬁ‘ﬁ%%s the
abifinem tict ildmh tthe pelndahivyy m@mposm4|@m Hfhidte stock
pr ﬁent enbodj nment _has al so_the ablllt t.o 20 poljsh
remogg lpdpftcer VagRr t28 GPNUAIGR. 186k ﬁleﬁﬁvaflométde from -

tun§R¥ent he upRlsitehi RG %%@p@%ﬂﬂéﬁé(Hoﬂﬁﬁbﬂ”6¥*¥3e conductor
embodi nent has the ability to polish both of the

layear diter S| gyadi zgdaﬁ@tﬂnéuraﬂmttmm@@ mhegeky hilggh

sur&gggk %eQR%an%@h%tth?rsfqr%% (¥ﬂfgﬁngEE%rhermore,
renmovi ng the portion o he con uctor ayer nd

thetpelpehumgncompbhetbmmwaﬂ1ﬂﬁy@neﬁhnuxﬂmbdﬁlm%ntﬁnméﬂudes

oSBT, s L1 LI 2 o, be Gart) . O,

act@bas efit raphadiyMeail 1 sWitnlyo i tisiiNgn tM: Ofi 4T0F € ThyRES wefen the
|sh|n%FcogpQS|t|ons 30 When the polishing for .

barnrérerﬁwlﬁéf ot FORTEE (TR SrdFctior™ | iferP Al Hhidng

combb@iRPebhi ef Qﬁet@%e@@hﬁ|%hﬂd@ﬁ%édﬁghéguglég il 18cy o
posi tioned outside the trench 12, was carried out by

polishnghenbPy rEhe rpakiveti ig ednpodiitiiorns toick empreskmntate.
enbodi nent, working efficiency will be enhanced,
because a |l ot of work to 35 provide the two or nore
t yp&suef tpel pshiingicgnposipbisans cor c thelprdsntofembodiment

hasmgkg g%iﬁ%%§a%e th%ls%l%%Q%h%¢0%q&p%ggé¥g%Ifé;g% 13 and the
conductor layer 14 at a high stock removal rate. Therefore,
the polishing for removing the portion of the conductor layer
14. and the portion of the barrier layer 13, each of which is
positiéned outside the trench 12, may be carried out by using -
only the polishing composition of the present embodiment
without using two or more types of polishing compositions.
When the polishing for removing the portion of the conductor
layer 14 and the portion of the barrier layer 13, each of
which is positioned outside the trench 12, was carried out by
using only the polishing composition of the present embodiment,
working efficiency will be enhanced, because a lot of work to

provide the two or more types of polishing compositions or a

- 15 -
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required. The present invention may be enbodied in the
followng 5 fornms. The polishing conposition of the
above enbodi ment may be used in applications for
1 t shlng [an ophect f. rned from titaniu .
© lIaP‘i' arh 8r JEPIAECerie Hoor Ypdtd &r9Hy° J1‘-(’)”“t|3t%n %Fn
reqma&ealal for vapor deposition, or a titanium dunmy
waf er for a sem conductor. When the object to be
polished is fornmed fromtitanium a polishing :
COMpAs! bi0BehR AGGALAAREE maY L1 the AHOMI PR d1BYo NSy 1 ng
necessarily include an OX|3'2|ng agent .
forpel-i shing conposition may be prepared by diluting an
undi | uted polishing conposition. This case is
advant ageous, because the polishing conposition can
be presgbvednhand cbmapsparibed dm tHre v fmdd®iment may be
undi | ut ed ollshlng_conp05|t|on 20 with | ess vol ume

usefihap ?ﬁ@lpSIalt%HPﬁg LOSNPOSitSiTdR I Frie Pol§Shi ffgrmed from
tit8ATRASI Len E@yab%lp%%ﬁ%ﬁ?%a@béﬂ)Héﬂbfyb"%%f“gpaﬁker ng, a
agent wth other conponents of the polishing
tlteompmsmtautewehanOtrh@a@mrduaam@lagem, |Cmre€d|fa1tfeiry‘ um dummy
far S lis C |
wafg? ~o?décogg@%g g%t%? th@hgg ggg?%é%agent %e pOLlShed is
formeesémwattmnawuhh,be pnhubmha@ cdﬁpdéﬁtunﬁ|fﬂna¢pordance

osit] aqueous pol yner, chel ati ng agent,

wicGTBRT Pebir et R ae aha o REe iy’ bE ks AT 30t 1 2ing
agehereinafter, exanples and conparative exanples of the

present invention will be described. Each of funed

oxi de-particles, colloidal silica, 35 orthoperiodic

aci gdnto b?héh'ﬂg esm bsitebhafBihylammoniums 18, 411yt ;

hdeOXIge (pH a g 5} annpn|3n1n|?¥§¥£ (poIS%ﬁPh&w'ng an
undaitdjed ppénybaogybpmpaendyo@surTace aesevesagewaﬁtaa@@us,
becQSFéOEB%aéSE‘Eshﬁﬁgr g%%l' (ARPILON ), e & (ildvee thd

wat er "accordi ng as to prep re pol 1 shing
transpppSEHimnstaecﬁbdmngftthxamph&&tbd polishing composition

with less volume than the polishing composition.

The polishing composition may be prepared by mixing an

oxidizing agent with.other components of the polishing

composition than the oxidizing agent immediately before using

the polisning composition. 1In this case, decomposition of the

oxidizing agent during preservafion will be inhibited:. -

To the polishing composition, an aqueous polymer, a

chelating agent, an antiseptic agent and the like may be added.

Hereinafter, examples and comparative examples of the

present invention will be described.

Each of fumed oxide-particles, colloidal silica,

orthoperiodic acid (oxidizing agent), tetramethylammonium
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5 to 32 and Conparative Exanples 1 to 5. Particulars
about the conponents of each of the polishing
conpositions and the pH of each of the pol i shi ng
| re as shomn i n Table 1. er.the. .
YRR ne Tpotd L S CorITETOHET REERA 6P 4o9bLPuAGG: 8AY) -
po 1Bl @rkst-iwaferid)a tdusmeun At anketayaher, andli baRkbAriazole
nitride bl anket-wafer, and a silicon oxide (TEQOS)

(Copramen wdridr hats wn%@-‘éﬁ%@ Qi Myt eAchCePrihBg to need so-'_
as %Ia i mafgggg%g%grquﬁgj ﬁr%ﬁgnf P&lﬁeCEOOEXEHSleS 1

ter |ng nas

to det em fedhdsyr atsarss Efam lsheet - tr@siﬁsta&&:ce:llcsllmetaswbmgt the

t "VR 20" f d by Kok El tr
cong e, o o e B e SO DRRE Tehgus!  Phfethe pH

of @faceadt tofe tﬂwMﬂ@IMWﬁ$ ofige t Os eagbwRf ihheaple 1.
~wafers was determ ned by dividing the thickness

di m nution, which is

the difference in thickness

bet weeR .t tﬂ%e"‘@foquo%f Qg{ %&Q§kﬁm§%&@1@90ﬂ§e L

after polishing, by

pol ishing tine. The results are

tungisdem iod anike tcolafmy erst |ttlltemhl®u deckanlempvedfent eaf bitanium
ngsten’ . ..the £ql ntitle "Stock le _
1t e 08 2] YN L | o R G S TP B Bl Enket
waf@&t@a%omdmﬂgﬂadﬂhdegﬂnhfeaéﬂmbfth@eCprﬂﬁhEﬁ@ltbﬁ5051tlons;
"St ock renov e for TECS' of Table 2. 25
Ther o Sree Ok REPa s e DIGTAC (iRt bofersoind after
po 14 ¥RASGERal0 de exhltled PR adAlSE THTsHed@NEHM sBance

shown in the col um

entitled "Tungsten/Titanium of

meaTHILE 92 2PPRE atats S VY- 12 05t @r@@uﬁae?mmd relf K@lppsai Electric
SysttNéﬂxg%%‘i@lE% % St Og{‘cdre”?}{@k FaLe Skl d I3 ﬂHtte”éa each

is shown in he "colu

m entitle ungsten/Tltanlum

of NhErp@é1Shh@me@bmnmﬂiuﬂuaawﬂqcaaﬁhaaﬁtmma W@ﬁ@ﬂ@lwas

dete%%gne%rbghéq%%dﬁ%ﬁh

ck removal rate
h%t sﬁtl"lqL ﬁ(nelsun L uIrE]C%‘ ereoflS the

dif<€kaleinslei ng G@ﬁ@dﬂe@msbeﬂ&d%ﬁIﬁﬂhtﬁpﬂﬁmﬂbéﬁbre pollshlng and

Lheigggggd%bgggrpﬁl1s

dshin 17 Machine "Mrr
5% B e R B y e deults are

sholaminated Rliusi reitRad e d(}SE%KkJ&éﬁ§WWE"r@feR@QE'Tungsten ,
Inc. Polishing Pressure: 28 kPa (= agprOX|nateI 4

thep§p}umn entitled “Stock removal rate

column entitled “Stock

or Titanium”, the

removal rate for Titanium Nitride”, and

the column entitled “Stock removal rate for TEOS” of Table 2.

Furthermore, the ratio

of a stock removal rate for tungsten to-

a stock removal rate for titanium is shown in the column

entitled “Tungsten/Titanium” of Table 2; the ratio of a stock

removal rate for tungsten to a stock removal rate for titanium

nitride is shown in the column entitled “Tungsten/Titanium

Nitride” thereof; and the ratio of a stock removal rate for

tungsten to a stock removal rate for TEOS is shown in the

column entitled “Tungsten/TEOS” thereof.

<Polishing Condit

Polishing Machine:

ions>

Single-sided CMP Polishing

- 17 -



5 Re\)ol uti on Speed of Su'rface Tabl e: 123
revolutions/mn. Feed Speed of Polishing Conposition:
125 mM/mn. Revolution Speed of Carrier: 121
r [ '-qqsé_/,m ol shi T,L m nute 10 Tabl e
Macf%‘é%c ;i‘/"ll_l i a{‘f Apff) eBJ' \’fg;t Jge]os% i tod) c
vq rPnlishtmgGD)adO P@l@u)rettma(ﬁe (Latrmmmt@cm caO- CO
N O O UCNC. vy
PO%S“&D@ é?f‘dc 3%6%00%3? roao"e bec%d%lv B°C-vo>C
L. BoCiRhWUng2 preldsddd - Ad Lepd AJa@gi—roxﬂméﬂtel)O @Lﬁsg’i,c
Gto G2to 2to 0. G N’\cAyFn-: n U n
5 c3 Refjogutipn=Sgeech of Sgripeel BE - 512$ *1e.‘5ob4t51<rzx15/mln.

B 3550 B8 T e S N W W s
1. 5R8V610L500. Zpeed? o (BErE M OB "reludl @ Horls Anth 25
5. 0255150505025 28 EX7

5 foél?Egmng%m@ ‘5 995 T,

- 2.8 Ex.851.0'5 1.5
0.50.5025-2.8 Ex.9 2 0.8"'S1.50.50.50.25 -
2.8 Ex.10 4 0.6 1.5 0.50.50.25 - 2.8 Ex.11 6 "1

10 Tabgeql'5 1.5 0.5 0.5 0.25 - 2.8 Ex.12 80.2*5 1.5 0.5
0.5]0.25 -[2.8 Hx.13 5] 0.5]5 1.5]/0.5 0.5 0.25 F
2.8| £ #4 5 .320.5 "=1{56 0.5:0.5_0:35 -_ %8 Exz15 5
0.5|"® 135 Q5D (580,252 285 €52 | 952 | oS

S an's | Q n': S by O ab’';l S =h': O by | = 2D

g3l ZE8|2E22|Esgg =28|522|3s8

Z50| 250|550 /»2559 =50 5590|3569 a -

sl Caoau| acw|ls ey 3w 8| N2

D92 E T aeEl 2akt = Eas| Xag.E 9 4.2

Z=3 =3 © =g E =3 < =35 =3 ;_8.
Ex.| 0.5 0.5 1.5 0.5 0.5 0.25 - 2.8
Ex.2 2.5 057 1.5 0.5 0.5 0.25 - 2.8
Ex.3 51 0.5"7 1.5 0.5 0.5 0.25 - 2.8
Ex.4 75" 05" 1.5 0.5 0.5 0.25 - 2.8
EX.5 10" 0.57 1.5 0.5 0.5 0.25 - 2.8
Ex.6 57 0.25 1.5 0.5 0.5 0.25 - 2.8
Ex.7 5" 0.75 1.5 0.5 0.5 0.25 - 28"
Ex.8 5 1.07° 1.5 0.5 0.5 0.25 - 2.8
Ex.9 27 0.8 1.5 0.5 0.5 0.25 - 2.8
Ex.10 4" 067 1.5 0.5 0.5 0.25 - 28
Ex.11 6" 047 1.5 0.5 0.5 0.25 - 2.8
Ex.12 g 02° 1.5 0.5 0.5 0.25 - 2.8
Ex.13 57 0.5" 1.5 0.5 0.5 0.25 - 2.8
Ex.14 57 0.5" 1.5 0.5 0.5 0.25 - 2.8
Ex.15 5° 0.5 1.5 0.5 0.5 0.25 - 2.8
Ex.16 5" 0.57 1.5 0.5 0.5 0.25 - 2.8
Ex.17 5" 057 0.5 0.5 0.5 |. 025 - 4.5
Ex.18 5 0.5"7 1.0 0.5 0.5 0.25 - 3.5
Ex.19 5" 05" 2.0 0.5 0.5 0.25 - 22
Ex.20 5" 0.5" 3.0 0.5 0.5 0.25 - 2.0
Ex.21 5°1 05" 1.5 0.5 - 0.25 - 2.8
Ex.22 5° 0.57 1.5 0.5 0.25 0.25 - 2.8
Ex.23 57 05" 1.5 0.5 0.75 | 0.5 - 2.8
Ex.24 5" 0.57 1.5 0.5 1.0 0.25 - 2.8
Ex.25 5 05" 1.5 0.5 1.25 0.25 - 2.8
Ex.26 5™ 05" 1.5 0.5 0.5 - - 2.8

|
fa
(e0]
|



.10.5"'"71.50.50.50.25 - 2.8 Ex.17

Ex. 16 5 50.5
0.50.50.50.25- 4.5 Ex.18 5 *1 0.5'S1.00.50.5
0.25 - 3.5 E.1950.552.00.50.50.256 - 2.2
Ex.20 50.5'" 3.0 0.50.50.25 - 2.0 Ex.2.150.5"5
Tebleg o gantgppd) 2.8 Ex.22 5 0.5 'S 1.5 0.5 0.25 0.25
- 2.8 EX.2350.p" 1. 0.5 0]75 0. - 2. EX.ZF 5
0.5 (5g41. Fg)). 5 ,_1%0 % gg- £2. 8 rgEng)Z'_Eng ! 1,%5 "5 ﬂ%)
0.5 [{1225-Dj 2522, & °EX.|Z6 5 2] $.52"bals=0.59.H|- -
255 3% Tabie21l TanilAuscdd 3)= &3 OGO & gso 0
= 0S¢ £ (PG| R oY |EARID LE B NG 1| OF 0
OF|ECE Eeoq 8 B3 3¢ Lo EC OV CUEL DA
C-1): ES| X020 g gAYy DD T 0 ICS S0 E 00 ti)
- > |G £ S LB g EZEA, TEh DL EN L (W L& | U,
n= T sE3 h= AEN OG5 {5r CBh<Zp [T 831 -L=37n z
cJ gnOFnL==]F-0&@F i - duo™| ~0 =¢ F- ¢ C
B2+ 0 5+-51+50:50-"5 000328 23 51
Exg 51 53] 5108759 35 |1 45 gl 55y g 5| BOG35[ 238
Ex 25 055 0| 2857 9| 5lSey (305 ') 0% #5 425 ¢ 75 0. h 1| _
Ex2) 28 -54 5| &k 311 150 % *251 b @% (.50855]- 2.8 | LS
ExFX. 32 5 4{00571.[5 055 0.9.0.5- @8] QB[ - - 1545
Ex$.5]|0.5 0.5 652. 8§ C35Ex|2 &5' [- 0155(0.550.5%5 0.5 -] 2.8%
Ex.02 BX. 35T0 [40571.15 0.55 0.508.5/ - 058 05 - 2.8
C.Ex.1 - - 1.5 0.5 0.5 0.5 - 2.8
C.Ex.2 57 - 1.5 0.5 0.5 0.5 - 2.8
C.Ex.3 10" - 1.5 0.5 0.5 0.5 - 2.8
C.Ex.4 5 0.1° 1.5 0.5 0.5 0.25 - 2.8
C.Ex.5 5T 0.5°7 . 0.5 0.5 0.5’ - 10.5
*1: Fumed silica having an average particle size of 30 nm
*2: Fumed silica having an average particle size of 55 nm
*3: Fumed silica having an average particle size of 20 nm
*4: Fumed alumina having an average particle size of 30 nm
*5: Colloidal silica having an average particle size of 10 nm
*6: Colloidal silica having an average particle size of 20 nm
*7: Colloidal silica having an average particle size of 35 nm
Table 2
. . S
S8% | 585 | 525 | s2E | & 3
eds | 855 | st | 2% S £ 5
522 | BEE | sEE | 5T 2 S %
_TE z = £ < = b5 =
: |2 |E° ¢ gl s | ¢
n n n n =
=
Ex.1 230 50 160 2 4.6 1.4 115.0
Ex.2 300 83 280 S 3.6 1.1 60.0 .
Ex.3 380 85 370 10 4.5 1.0 38.0
Ex.4 400 85 400 11 4.7 1.0 36.4
Ex.5 420 85 420 12 4.9 1.0 35.0
Ex.6 380 45 370 10 8.4 1.0 38.0
Ex.7 380 85 370 10 4.5 1.0 38.0
Ex.8 380 85 . 370 10 4.5 1.0 38.0
Ex.9 270 90 240 5 3.0 1.1 54.0




CEx.450.11.50.50.50.25 -

0.5 0.5 0.5

10.5

* 1. Fumed silica having an
average particle size of 30 rim*2: Funed silica

2.8 CE.550.5"'S -

) gaving an average particle size of 55 rim *3: Funed
Tabdif Pcd SRAVTAYSSH average particle size of 20 nm *4:
Fumgd al um pha having an average pafticle s|ze of 30
rim %5: Collgidal [siiica hay ng an averagp pa&ticle
size Qf 10 fim *6:| (ld oi daf; silig¢a having ar aver agg,
par{i & g _sigesof 20 r¥m _*T: Lol Loj dal'zsi | | ca haviing Q
an average pagtid e sézeZof] 3barim qu.ll epPrz=L L .22
%tmggg::Q§§0W£@EIZQE§Z4C§}4CL§ Uli C& -
c* [IE8 D P B=B HIES/] B CF) | (/)ZEx. L 23D 50 16G;
2 41621.4 11520 EX. 2< 300 $3:280 5/3.621.1] 60.D Ex.35
380{85 -370| 12 4.5|1.9 38.0 Ex.4 40085 4p0 1= 4.(7
1.0[38.4 Ex.% 420857420 12“4.9 1|0 35.0 | Ex:® 380 45
370110 8 411 038 O Ex 7 380 85 370 10 4.6 1.0 38.0
Ex.Bx. 8 384 85 378710 (4. 544.0/38. 6 x. 9.1270Q] 901.240 |5 40.0
Ex.3.0[1.39064.0 389 Tabl3&52 (contli nued) 49 L 0 OL.0O~\ |\ §5.5
Ex.l2 J|{\ Wo . 40 390. 12 10.3 1.1 34.2
Ex.13 410 85 400 12 4.8 1.0 34.2
Ex.14 360 85 360 9 4.2 1.0 40.0
Ex.15 380 60 370 10 6.3 1.0 38.0
Ex.16 380 40 370 10 9.5 1.0 38.0
Ex.17 100 75 370 10 1.3 0.3 10.0
Ex.18 250 82 370 10 3.0 0.7 25.0
Ex.19 400 85 370 10 4.7 1.1 40.0
Ex.20 440 85 370 10 5.2 1.2 44.0
Ex.21 300 85 370 10 3.5 0.8 30.0
Ex.22 360 85 370 10 4.2 1.0 36.0
Ex.23 400 85 370 10 . 4.7 1.1 40.0
Ex.24 - 400 85 370 10 4.7 1.1 - 40.0
Ex.25 390 85 370 10 4.6 1.1 39.0
Ex.26 400 85 370 10 4.7 1.1 40.0
Ex.27 400 85 370 10 4.7 1.1 40.0
Ex.28 410 88 370 10 4.7 1.1 41.0
Ex.29 390 85 370 10 4.6 1.1 39.0
Ex.30 300 83 370 10 3.6 0.8 30.0
Ex.31 150 50 100 2 3.0 1.5 75.0
Ex.32 350 30 350 10 11.7 1.0 35.0
C.Ex.1 50 2 100 2 -25.0 0.5 25.0
C.Ex.2 380 10 370 10 38.0 1.0 38.0
C.Ex.3 430 10 380 10 43.0 1.1 43.0
C.Ex4 380 14 370 10 27.1 1.0 38.0
C.Ex.5 10 15 370 40 0.7 0.0 0.3

As shown in Table 2, in Comparative Examples 1 to 5, all
of the stock removal rates for a titanium blanket-wafer are no
greater than 15 hm/min. and most are less.
it can be concluded that none of the polishing compositions

according to Comparative Examples 1 to 5 have the ability to

From this result,

polish a titanium material at a high stock removal rate.
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C?F- - 2 JGUC)Gocow HE C1i/] :/] (/D
Ex.10 360 87 340 9 4.1 1.1 40.0 Ex.11 390 80 375 11
4.9 1.0 35.5 Ex.12 410 40 390 12 10.3 1.1 34.2 Ex. 13

co 410, P00 iBet Sy e B 1 20D 0500000 2 0 01

Exc&meﬂ) 9.ty B haBB.0 lcE&( 7o d0r tho B340 28td. 3nén3pd0ibhing.
250 370 10 3,0 0,7 25.0 Ex.19 400 85 370 10
the4 t?tf“f%b ar)é?tzovafm gs° Pl 4ovedota begghat Heol

/01
ol B 1950104 B 6 SBER IOl 1 oo

3 1815131'ﬂ@d1@04 cpliofided. GilEcas 396 8@&571@1 W, tfheé péollshlng
cordfgl B 350,08 30 AB AT Ak 0, 109,880 cvoc

remgxal9 raqae@ 81516317@)010.5411'6'1(;1 ﬂié&ﬁaﬂrﬁ&)ﬁﬂ@k@ﬁ—ﬁg%ﬂ-OLS
310 31 150 50 100 2 01.5 75.0  Ex
be13ed et Lon e 6 TEE FhE GO G Glerol Bifda hopl ok B the

pol@shidy. QompolX t2 088A nl @i ) 38 EdahbB8. 0 Wi EXs 310w as
430 10 380 10 43.0 1.1 43.0 C Ex.4 380 14 370 10 27.1

0.1% §v3839s CiER-55016 31DBTE S0 O A<D 0. Thas rshown iwhy the
polI@gH%gzCO&BOQ@%@@%a%Eﬂ%ﬂ@%ﬂgﬂﬁﬁsé%ﬂéé;%tf94 Example 5 had a
low stock removal rate when polishing the titanium blanket-
wafer is believed to be that pH of the polishing composition
according to Comparative Example 5 is 10.5, i.e., greater than

6.

In contrast, in Examples 1 to 32, all of the stock
removal rates for a titanium blanket-wafer are as high as 30
nm/min. or more. From this result, it can be concluded that
all of the polishing compositions according to Examples 1 to
32 have the ability to polish a titanium material at a high
stock removal rate. Furthermore, from the results of Example
31 and Comparative Example 1, it can be concluded that thé
ability of a'polishing composition to polish a tungsten
material is enhanced by adding fumed silica to the polishing

composition.

From the results of Examples 1 to 5, it can be concluded
that the content of fumed silica is prefefably 2.5% by mass or
more in order to enhance the ability of the polishing
composition to polish a titanium material while the content of
fumed silica is preferably 4.0% by mass or more in order to
enhance the ability of the polishing composition to polish a
tungsten material. From the results of Example 3 and 6 to 8,

it can be concluded that the content of colloidal silica 1is
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10

of the stock renoval rates for a titanium

bl anket -wafer are no 5 greater than 15 nmmn. and

nost are less. Fromthis result, it can be concl uded

that none of the polishing conpositions according to

Conparative Exanples 1 to 5 have the ability to
prePQJréEb)lf_aOt ghaayumgt Bk abrét if BiaB,StackhhgABKAL he

rate reason why the. pol |sﬁ|ng conpositions
ablheébr@fnghﬁopqﬁmpb#aguvgmpexaﬁpbestg rol3shad &sikewium

mat%% et vva tﬁ@t% %ed&%lé glrEkt%f]a?t?ﬁ ﬂégnéu%%hglt can

be conpbsdedonhaactbedamgrhgecpapamaﬂevelExanﬁlesllohdaIS
3 included_.no | 1 gi.da [ica. The reason why the
S1135% 1 S RGO ERORBOL EPoAMaZBbPRENGED Conpr afPderore
preExaaple fdohad aathwersthek 20eApvah paberwhsnepahhshi RGe
.the titanjum bl anket-wafer is believed to be that the
abitihy et BRecBPloPRARIsFPIEASihiPRetopBPLéAlng titanium
mat ELIROST th QU | th COMPAL AL d VS BXaimb e d RS @S OW @Sc 0 pe
0.1% by mass (i.e., 0.1%by mass or less). The reason
foupgythae tb@lP@htﬂgtc@ﬁppgr@pdmCa@c@ddnﬁgpreferably 1.0% by
LV e i al ,.rat C o
maspah B Fr s tiREor 3, Bflafer) SR oRBEAFETBY S e P dgnins
comp©8b91©hatoppbbishhe pmthshumgmebapmaltWbmleacherdbngent

t o Conppar ati ve. Exa greater than
o R8-e00FR Gohilr 45t L PRCERMGI bso Py Sa5s0pF Bprendn order
to &shl&Kcerenevabilatgsofotha pbnashuﬁgbb@mb@blwaaﬁrtargollsh
as high as 30, nmimn. or nore. Fromthis result, it
a LRISHen CBALRLYRA - that 20 all of the polishing
conpositions according to Exanples 1 .to 32 have the
ability to polish a titaniummaterial at a high stock
renmoval rate. Furthernore, fromthe results of Exanple
31 and Conparative Exanple 1, it can be concluded that
the ability of a polishing conposition to polish a
tungsten 25 material is enhanced by addi ng funed
silica to the polishing conposition. Fromthe results
of Exanples 1 to 5, it can be concluded that the
content of funed silica is preferably 2.5% by nmass or
30 nore in order to enhance the ability of the
pol i shi ng
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conposition to polish a titaniummaterial while the
content of funed silicais preferably 4.0% by mass or
nore in order to enhance the ability of the p°|iﬁ¢?YMNWSE
conposition to polish a tungsten material. Fromthe
results of Exanple 3 and 6 to 8, 35 it can be

crLa€@gcl uded that the content of colloidal silicais -
21 preferably 0.5% by nass or nore in order to
enhance the ability of the polishing conposition to

ol 4 - Ll [ Al r t S - :
L Bares g AT TR oA o BB R Gt R e eing for
pol asvkingeaphitavlivmstentoefintnyl obdebts shei palishing
referably, 20 nmrather,than 35 nm and nore
com ?% €%§ I%higaﬁE%Fg% grb%han 20 nmin order to enhance
t hemosdi thiy of 1¥theypebsshbhgcedbpogali shlioeapolish a
titgniqg1 nqéerial..F omthe results of Exanples 17 to
PR b8 " PILhYCtREE the content of periodic acid
is @ﬁe$£1@p£yn§.9§@ﬁy;1Qnaass or nore in order_to
enhance the ability of the polishing conposition to
pol Y&k t #2Ani um materi al while the content of
perWQQf&iﬁctHe'ﬁopi§ﬁ§ﬁ%bh¥sla5%ﬁb¥fngséroieggfe In
order to enhance the ability of the polishing
conposition to polish a tungsten material. 22 LLOYD

2 ke GANBde Sofliebion someslilonetat e o

chaobfeetrizéieipothshi hje5avenpgsi paphichar actker bfedhby:
lgnrg ihan 0. 1% by .mass_of coIIoidﬂI sih%ca; funed
COLPRtARI partiEfed® AR BxFargPnfra8ent FPahd “Rater, and
10 wherein the polishing has a pH of 6 or less. 2. The
pol i shi ng. conposition according to_ claim1,_
3. chalRRtRriLedPe FAEPOEhEI GV REGRTPAPYI EPeCsRER &f OFhE!
chaf@tt8tdabasihi €RatSthl 8xiandendr 98kAtt 9s28ePibdic acid.

4. The polishing composition according to any one of claims
1 to 3, characterized in that the content of the oxidizing
agent in the polishing composition is in a range from 0.5 to

3.0% by mass.

5. The polishing composition according to any one of claims
1 to 4, characterized in that the fumed oxide-particles
comprise fumed silica, fumed alumina, fumed titania, or fumed

zirconia.

6. The polishing composition according to any one of claims
1 to 5, characterized in that the average particle size of

the fumed oxide-particles is in a range from 15 to 45 nm.

7. The polishing composition according to any one of claims

1 to 6, characterized in that the content of the fumed oxide-
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10

15

15 3. The polishing conposition according to claim1l
or 2, characterized in that the oxidizing agent i
periodic acid. 4. The polishing conposition accordﬁﬁgDVWSE
to any one of claims 20 1 to 3, characterized in that
the content of the oxidizing agent in the polishing
par€PBPOSI 1 HOAheSpbNidhi A§IEcMPHEBLE Pient ©s 3n0%0 BYnBBSE$rom 0.5
5. The polishing conposition according to any one of
to EPaig M2881 to 4, characterized in that the funed
oxi de-particles conprise funed silica, fumed al um na,
funmed titania, or funmed zirconia. 6. The polishing
8. corposipebhshieardingosot apy anecvflinyatasangQontet of5¢laims
har a ] ! h ayera riicl e.size of
L ool TeREEREE T Bk Bh R PURLTRE:RY BE ChE1aheCof che
fumedn oxXiddhpapol csbsngncohpopolishiagcoodpogitaoanyoonae

of cl ai to 6, aracterized in that the . cqgntent
tordt vreshheed bipatol 3 ARl ChituraranFar e cfaestnornge -
parPOt1s8i DY €RAPPSLEERANgScbipadshangg fE0Mh0a5rahgel®@¥om 77
by mass. 8. The polishing conposition according to any
Lo Jhe-of claine 5 1 to 7, characterized in that the
rati o of weight of the funmed oxide-particles in the
pol i shing conposition to the total weight of the
9. coldopehisking caebhddt hehfnaedepxkdd-bparticles in the
pol i shi ng. i i s 1N fro tQ 97%
Do REELEELTERAR LB Tahind CanbaRELioh W ldral 892t E gry one
of ¢heipsl Lshong;cenyposition according to any one
clains.1l to 8; and polishing a titanjumconfainin
b ROT LBy et ny L RB S EC R BRAPLES pOP VSR ngPY S iflg the
pref@hPASHbl 0Bhing24omposition.
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