- ; tuvwe3de-"-, 6T" HC1578 POLI SHI NG MEDI UM FOR CHEM CAL- MECHANI CAL

i nvention rel i shing nedi um for chem cal - nechani cal poli shing,
-.especially suitedﬂgg* polishing in the step of form ng wirings of
sem conductor dewices, and a nethod of polishing a substrate nen%%ﬁgq% t he

use of the s @ (AND ART 15 In recent

PCLI SHI NG AN POLI SHI NG SUBSTRATE MEMBER TECHNI CAL FI ELD Thi s
]
b

years, asseni c [or at edci kagid srfbareioafter "LSI") are nmade

hi gh-integration 1 n1gh- performance, new techni ques for fine processing
have been devel op&8%** Cheni cal - nechani cal polishing (hereinafter "CMP") is
al so one of them which is a 20 technique often used in LSI fabrication
steps, in pagti i -NQ At ipar i i f kn the
step of forn?ﬁgﬁ%ﬁﬁyﬁaggﬁﬁ§ﬁiﬁggeﬁél og%ﬁuﬁﬁgggﬁqéé%lEg@%ﬁﬁ??%’
formng buried wirings. This technique Aﬁ di sclosed in, e.g., U S. Patent
No. 4, 944, 836. 1 y HC1578 Recently, R order to make LSls

hi gh-performance, it is also attenpted to utilize copper_or_copper alloys
aS\Mriégrnuerials.ME?HQBWQRHEg£§S&ﬁNqC%VPSQﬁAT eMENRE or copper
alloys to be finely processed by dry 5 etching often used in formng
conventional alumnumalloy wirings. Accordingly, what is called the
darmascene nethod is chiefly enployed, in which a copper or copper alloy
thin filmis deposited on an i nsMEGHMCAL mMMEER grooves forned previously
and is buried therein, and 10 the copper or copper alloy at the part except
the grooves is renasedbyefhRdro fol mtleu itedl W piolgisshihki snddchmi duwer i s

di sclosed in, e.g., Japanese Patent Application Laid-open No. 2-278822. In
a comon nethedif@d 1 the B D& aleld) 15i SHER g3S dSpeepparl wngdudapaer fakl oys,
a polishing pad is fastened onto a circular polishing platen, and the
surfacg of the iRAlishiNY Nad d1Ses0pKed Mhi Agay PP BE BRdiiWBnahere
substrate with a nmetal filmformed thereon i's pressed agai nst the pad on

the for mer’ §eR'Als [ bl Hné0ndf Jr ShBLISIPIRGSY Guliss 2PBkILhhdBEE O On

by the use of the same.

BACKGROUND ART

15 Inrecent years, as semiconductor integratedcircuits
(hereinafter "LSI") are made high-integration and
high-performance, new techniques for fine processing
have been developed. Chemical-méchanical polishing
(hereinafter "CMP") is also one of them, which is a

20 technique often used in LSI fabrication steps, in
particular, in making interlaminar insulating films flat
in the step of forming multilayer wirings, in forming
metallic plugs and in forming buried wirings. This

technique isdisclosedin, e.g., U.S. PatentNo. 4,944,836.



4 thereof, in the state of which the polishing platen is turned, to renove
the netal filmat the part of its hills by mechanical friction acting
bet ween the polishing nmediumand the hills of the netal film 2 HC1578

-. The polishing nediumused in such CWP is commonly conprised of an oxidizing
agent and abrasive grains, to which a netal -oxide-dissol ving ageﬁé ﬁgg a
protective-filmform ng agent are optionally added. 5 The basic % ani sm

of OVP mmking use, obnthiys, Pohi ki Mgl MO, EIE hs ronsé debethdrocbp that

the netal filmsurface i's oxidized with the oxidizing agent and the

resul tant oxide_ |l roi it he: ahr asi rain i ayer
at the dal ejst of 5t %grcr)e chtse(s%{uél}?ggew oglsg%l %gt e%kﬁel?n(ﬁ) igﬁgggrt %)v%?ﬁy%hg
polishing pad sp nuch and the.effe of,_ scraping .attrij l.e t h

abrasi ve graf nél4oes ﬁ&q:eeﬂ@r]l& t hgﬁrte’t FOVENEE Wi ¥ h&%o?g%r%glslgt ofo%hghENP,
the metal film beconmes renpved at its hills %nd %@e substrate s%rfaé:e
becorme f| atCOPREA I oROPREE 135! haYSert ArReditdd T5BdPFR SFtF gl Pof XY

El ectrochem cal Society, Vol. 138, No. 11 (published 1991), pages
3460- 3464. ¢hcbider ofs arake & gnefOﬂfﬁ@%F@Ib\fe%rLP@rﬁln@lwwgm, 3tlpy
considered effective to add the metal -oxide-dissolving agent. It can be
expl ai ned twarid@s hi Adsobddaskyi hoheftf ebs ok ldgdpFrhg s&tanapaeasl e to
t he abrasive grains conmes higher where grains of metal oxide scraped off by
t he abrasi vee ghaidng sarch haflé vt erd sspkde (memdiinalfit @rCeppleador igopprer
t hepol i shi ng nmedi um However, the addition of the netal-oxide-dissolving 3
alloy thin film is deposited on an insulating film with
grooves formed previously and is buried therein, and
10 the copper or copper alloy at the part except the grooves
is removed by CMP to form buried wirings. This technique
is disclosed in, e.g., Japanese Patent Application
Laid-open No. 2-278822.
In a common method for the CMP of metals such as
15 copper and copper alloys, a polishing pad is fastened
onto a circular polishing platen, and the surface of
the polishing pad is soaked with a polishing medium,
where a substrate with a metal film formed thereon is
pressed against the pad on the former's metal film side
20 and a stated pressure is applied thereto on the back
thereof, in the state of which the polishing platen 1is
turned, to remove the metal film at the part of its hills

bymechanicalfrictionactingbetweenthepolishingmedium

and the hills of the metal film.



+ HC1578 agent makes the oxide |ayer becone etched (dissolve) also at the
dales of the netal filmsurface, and the netal film surface becones
uncovered, so that the netal filmsurface is further oxidized by the

--oxidizing agent. 5 Wth repetition of this, the etching nmay proceed at the
dales of the netal filmsurface. This may cause a phenonenon tha
surface of the netal wiring having been buried after the polishing becones

hol ow at the mgdleptherewinki ke @i ghstsEerehnaticey CMPshsn@onmdAly
resulting in a damage of the effect of flattening. In order to prevent this

lohenomenon,<F,1z,lt;1§rl%r9 §cbi vg—%%mggwdw agent: i dUnbhers pdded 0 A oe

nmet al - pol i shin fumfto e protective-filmformng agent forns a

prOteCtiVe|éé;ghﬁ%ﬂ?n%tRg&%%ﬁqukg%ﬁ&tﬁ%%%?gﬁ?ﬁ%aaggyenéﬁﬁfch to prevent

t he oxi de from di Ssolving in the I'um I's desirable
for this protective filmto be readily capabl e of bei,ng scrape ff by the
abrasi ve grBff %ﬁﬁ?%?§gaﬁﬂ—f%rpéﬂ&'?%%g?aﬁgﬁﬁoﬁgﬁéhﬁggybﬁ >°20 In
order to keep the copper or copper_all oy fron1causiqg t@e,dishiqﬁ or._from
corrodi By dURPnBatHE pre FRAPAGT (Ff fOER BRSNS b3 ¢ aBF etRSS WG hgRing
pol i shing mediumfor CVP is proposed in which amno acetic acid églycine)
or ami dosul hadiamact @ri EMPsdF agoRfédereqicis7Rendtd t okhge M s3I Fitdg
agent and benzotriazole (hereinafter "BTA") is further used as the
prot ect i ve- firlkrrfiefcor i ag oxgeht zedhivg tttechhequecididisg oskenitnagd. the
Japanese Patent Application Laid-open 5 No. 8-83780.
resultant oxide layer is scrapedwith the abrasive grains.
The oxide layer at the dales of the metal surface does
10 not come into contact with the polishing pad so much
and the effect of scraping attributable to the abrasive
grains does not extend thereto. Hence, with progress
of the CMP, the metal film becomes removed at its hills
and the substrate surface become flat. Details on this
15 matteraredisclosedin JournalofElectrochemical Society,
Vol. 138, No. 11 (published 1991), pages 3460-3464.
In order to make higher the rate of polishing by
CMP, it is considered effective to add the
metal-oxide-dissolving agent. It can be explained that
20 this is because the effect of scraping attributable to
the abrasive grains comes higher where grains of metal
oxide scraped off by the abrasive grains are made to

dissolve (hereinafter "etched") in the polishing medium.

However, the addition of the metal-oxide-dissolving



+ In the buried-metal formation as in the formati on of damascene wi rings of
copper or copper alloy or the formation of plug wirings of tungsten, a
phenonenon call ed "thinning"” in which the thickness of wring beconmes snall

-.10 together with an interlamnar insulating filmmay occur when an
interlamnar insulating filmsilicon dioxide filmforned except §?5g%ried
part is polished at a rate close to the rate of polishing the nmetal ~film
A the reSulfent! e 6aUNe AlkiAE! 435A1 Mol &EERTANCELEB VA
non-uniform<ity in resistance ascribabl'e to pattern density. Hence, the
pol i shi ng L um_f.or [ kr t Prop t L shing
rate of thgggléﬁi (%:n J%%)/EPSZL elf'S:aIaér#i g%seuﬁ??g?lgntafllshgngwgratt 'angtﬁﬁiaﬁal(‘)% t he
metal filmto_b al.i shed. _Accor di ngl a_net hod is Q d. i hch
The pH of BEERd Ermd Hear R Pe St hi BREP Hart paCoP A S TRkE M ne
polishing rate of silicon dioxide can he controlled by negative ions
pr oduced asfth‘e§letfacﬁed‘i%s%b?‘é??%oéfldd&?jé lﬁigh?e%ﬁﬁggtfe“?% 3 SBltosed
in, e.g., Japanese Patent No. 2819196. 5 HC1578 Meanwhile, at the
under | ybng 1%k afenaieitdgperobr thdSpert el 6F GFiRBelR@iY iRGO CESGayit of
tantalum tantalumalloy, tantalumnitride or other tantal um conpound is
formed as ather diadre $ agér tive greies 1t & iprrevent falge coppet S50 R IR FEUSi ng
into the interlamnar insulating film Accordingly, the barrier |ayer mnust
be renoved pyeGReranephatthecive rsng figare avbietbet e ttobped rém @ dppeingl | oy
has been buried. However, the conductor constituting such a barrier |ayer
has a hi ghepebar essetiharrtidie eappeyo 10san nepipet onalelsoyho abdwhenicethe many
cases any sufficient polishing rate can not be achieved when it is used in

combi nat i onp Wl & hen BRkicshi Nk BEd WK §Rr (hke- £OoRREtear c@pRBNm' PY.
Accordi ngly, studies are made on a two-step polishing nethod having a first

step of gol kggmggé?t Fﬂ% (\aOpcﬁ)gﬂlaﬁre COPPEh e8ld O¥e @Rd o0& S@PQB@e@f"?‘% 9‘;

polishing the barrie ayer conduactor. In the second-step CW of th

barrier |ayer, t?% %fﬁﬁggtghéé @kgrghf@réggkg%%ﬁgg cqﬁgfr or copper

all oy nmust be prevented, it eén consi de _ evefse-effective to
Dol shi mg' TRES W SYERIHG T a1 287 Mhes Bo@ber or L Bagger atpopy L8 the®
metal-polishing medium for CMP. The
protective-film-forming agent forms a protective film
15 on the oxide layer at the metal film surface to prevent
the oxide layer from dissolving in the polishing medium.
It is desirable for this protective film to be readily
capable of being scraped off by the abrasive grains and
also not to lower the rate of polishing by CMP.
20 In order to keep the copper or copper alloy from
causingthedishingor fromcorrodingduringthepolishing,
to form highly reliable LSI wirings, a polishing mediqm

for CMP is proposed in which amino acetic acid (glycine)

or amidosulfuric acid is used as the



.

The tantalum tantalumalloy and tantalum conpound (such as tantal um
nitride) used in the barrier |ayer 6 v. HC1578 are chemcally so stable
that they can be etched with difficulty, and has so high a hardness that

-. they can not so readily nechanically be polished as the copper or copper

al loy. Hence, meking the abrasive grains have 5 a higher hardnesg.qaygscause
polish scratches in the copper or copper alloy to bring about poor

el ectrical ghag ackesisd L g8 slsh SPIRgCasRMHt AhBa, vEkipgraiasive-grain
concentration higher may bring about a higher polishing rate of the silicon

di oxide fil 10..Usp 1haprobl emeiialy Lbe ydhiding bg cocour s. DI SCLOSURE
OF THE I NVE gﬁ %ﬁ'o ] ect of t%e pr esent invgntion is to provide a

ggLLfEng E%%#g%&%be— 'W@J¥Bfﬁﬁn§$ %éﬁg.di?FE@ltééhEmdUgngsand pol i sh

1 ! .
curring in copper coppér all'oy wrings, can naterialize

hi gh-rate polishing of barrier |layers in_a.low abrasive-qgrai onc ation
and can pr §8tﬂf°§rerfgtl%neog‘m gﬁ%?nreesf?gﬁteerbﬁ pepdf%r% zta:lg‘q‘afjl1 ?%%péz;_tcg}g%%s,
and a substrate nenber 20 polishing nethod naki ng use of the sane. The

pr esent 5i nEAt 0Bs &te0 ext ensi ve studies in order to achieve this object.
As the result, they have discovered that the polishing of the tantal um
tantal um al | oy ahd thet dumiedmpeial HAFER rencasdddt ofBeudegFmation

of damascene wirings of copper or copper alloy or thel
formationof plugwirings of tungsten, a phenomenon called
"thinning" in which the thickness of wiring becomes small
10 together with an interlaminar insulating film may occur
when an interlaminar insulating film silicon dioxide
film formed except the buried part is polished at a rate
close to the rate of polishing the metal film. As the
result, it may cause an increase in wiring resistance
15 or a non-uniformity in resistance ascribable to pattern
density. Hence, the polishing medium for CMP is required
to have a property that the polishing rate of the silicon
dioxide film is sufficiently smaller than that of the
metal film to be polished. Accordingly, a method 1is
20 proposed in which the pH of the polishing medium is set
higher than pKa of -0.5 so that the polishing rate of
silicondioxide canbe controlledbynegativeionsproduced
as a result of dissociation of acid. This technique is

disclosed in, e.g., Japanese Patent No. 2819196.



w

HC1578 as the barrier |layers, proceeds with ease when the polishing nmedi um
has a | ow pH and al so the oxidizing agent is in a | ow concentration. Thus,
t hey have acconplished the present invention. The present 5 invention

-. provides a first polishing nediumfor chem cal - mechani cal poli shing,

conprising an oxidizing agent for these conductors, a HC1578
protective-filmformng agent for protecting a metal surface, an géigz and
water; the polishiagwiBAidm Bavithe: auRKee1 39§ 1eser agd the Wopxed zing
agent being in a concentration of fromO0.0I to 3 o by weight. This first

pol i shi ng @[ﬂic n;%% azlhﬂe(;g%rf £RaLA Piﬁ%;,a%gv‘ééggf %!fnﬁanmqnﬁn nave, beent he

probl ens t brasive grail a hi gher hardness when the

barrier layer,15 i o] i shed may_cause pol | S i n er.all oy
to bring ab%{ﬂ’Ob’dorscagmééﬁﬁnbaﬂlgﬁégaectoelfiél:?llcésf Q%%éﬁ%g%dngc%ﬁéo%?ﬂ? s

abr asi ve-grain concentrgtion,higger may brigg about_a higﬂfrlﬁolishin rate
of the silitPhMGiCoRiSd& PiAIth BT cha¥Emt he Srshtenk ¢ HRE SVRE |t ifhni FoP RE
occur. 20 The present inventors have discovered that the polishing of the
tantal uf tBROB GhFReFNG dit BP ufl® tih e asd R AEr 10ah 2 biPlo ds

whi ch are used as the barrier |ayers proceeds with ease in a | ow pH range
and in an oxddteirdd regkrt Lbw beceheral poeh aHyRt Be rREPSBINDYOMEr, it
has been found that, when such a polishing nmediumfor CWP is used, the

oxi di zi ng agraepits tilre avsufhiccivett yWwh ewec sheemtarip ¢ onorasg®pr anda hénde t he
di shing of wirings does not come into question, which 5 may occur with an

i ncrease i nhhbeeichi bgriaie. ofHéheveappetheor coappet t alrl ayo randiwhitcdmgray
commonly come into question in a | ow pH range. The present inventors have

al so discovgped hhadrriat ha o hshy Boh ohnidie nardeé yB) thant ehunzapbey or
10 tantal um conpound used as the barrier |ayer conductor, any too |arge

partichg di 899&%@1{5 apf asive RIS ABY i AN nAGh ARt 8 486 @aserifient
polishing rate of 'the barrier layer and an increase in polishing rate of

the sili congggqghdlen and .al Sg?ﬁhﬁtdt lel?/gna ga%%gge@greq?iy@ LaiNSe 45iave a

smal | parti anetfer, any too small standar viation of particle size

di stribution . bring_about, ap,increase, i.n | shi.ng e.of t LLicon
di oxi de. 1hF8g§%ﬁﬁ$@ﬁ8nW%??eﬁgFmﬂéihs éﬁ%ﬁ%ﬁ?gﬁﬁméﬁﬁ Fgﬁtgﬁﬁﬁgkloy or
t ant al um conmpound i s polished wth a polishing 20, nedi um havi a . low pH
and al so cogEmQﬂR%th@¥$8¥ﬁzi%ﬁcﬁ§ n?iya %ﬁﬁ%bﬁéaﬂ%%ﬂ?%ﬁglqnh%s been
found that, when such a polishing nmediumis used, since the_oxidizing agent
is in a sufEreiaiten AW eBAdehPriNshhrdiged & hérditshFRE of RP+17 es 9
HC1578 not cone into question, which may occur with an increase_in_the

et chi nd & at ehef cole epppercappresppel oal ko andeddnth skgP bl ysé&dd into
question in a |l ow pH range, and al so any erosion nmay | ess occur because of
a low 5 abr abievéegrailercdrceatr atdroiicPoeor di ngly, the present invention

al so provides a polishing nmedium conprising an oxidizing agent for
conductors, a prahedth&esticdond-os repg QAgend £f aherivt ectiieny bayetral Shuef ace,
an acid, and water; the 10 polishing nmedi um contai ni ng abrasi ve grains, and
the abrasivgigaing Bavivlge aRiaverqigea par idftleudiametesppt r5® mnroppleass
and standard deviation of particle size distribution in a value of nore

than 5 nm Thi1g, pohi,ghi ik nBeyBfed e iRr a5£8t beRYENEIRBiBRY B preferably
have a pH of 3 or |ess and contain the oxidizing agent in a concentration

gLnI;ﬁgQéo}ééb§9e9¥f¥ﬂé@£veTm%Fﬁﬂkéhkm%r@QhE@HFH@nﬂe@ﬂdHVHEW%n%
small pH value in order to control the polishing rate
and etching rate of the copper or copper alloy.

The tantalum, tantalum alloy and tantalum compound

(such as tantalum nitride) used in the barrier layer



. the oxidizing agent in a | ow concentration can keep the dishing, thinning
and polish scratches fromoccurring 20 in copper or copper alloy wrings,
and can materialize high-rate polishing of barrier layers in a | ow
abrasive-grain concentration. The polishing nmediumfor CMP of the present
invention may further contain a water-soluble polynmer. In such 1% 5@91578
a case, the oxidizing agent may preferably be in a concentration Sﬂ from

0.01 to 1.50-0y c¥Righta1 The Al St apaldiblicapokyiy oY Bieelerahbn e ek
| east one selected fromthe group consisting of polyacrylic acid 5 or a

sal t theraﬁif??%ﬂﬁ%hacg ld G AE! o0 4 Eahgpg?ﬁﬁ@gs R YAM fefCIchor @

salt thereof, pol'yacryl am de, pol yvinyl "al’co and pol yvi nyl pyrrolidone. The

id f bly b i i_d, f I
one sol oct i Fr 6 1RSSR e 0 an L b adea A it aePL 5 BRey fbafbe S0

and citric acid. The oxi di zi ng agent for .conductors my preferably be at
| east one s@F ecPRBCHT Bﬁwl&ﬂﬁﬂr og%‘?lgfi@r'oﬁliad‘e%n%si ?ca%EFE?‘[LVBeotgd%aerﬁ% have

peri odat e, hypochl orous acid and ozone 15 water.

The )
pr ot ect Bve-4 Nigherhagdagsm MadyCpistePaiishe aiatehes dReCRBIRPRELf r om

benzotriazole (BTA) and a derivative thereof (hereinafter "BTAs"). The
abrasi ve gratnsompeprafléoabl o bbramnd ealgeudn® odr selesttedi €8dm sili ca,
alumna, ceria, titania, zirconia, gernmania and silicon carbide. Colloida
silica or cohbwiaddleni smiirns hovi sgmen eaeeage pared cl vadiiarnet er of 50 nm or
|l ess is preferable for the present invention. The abrasive grains may
particul arl yppeefier@byyalavecddcentration higher may bring about a
higher polishing rate of the silicon dioxide film to

10 cause the problem that the thinning occurs.

DISCLOSURE OF THE INVENTION
An object of the present invention is to provide
a polishing medium for CMP which can keep the dishing,
15 thinning and polish scratches from occurring in copper
or copper alloy wirings, can materialize high-rate
polishing of barrier layers in a low abrasive-grain
concentration andcanpromise formationofhighlyreliable
buried metal film patterns, and a substrate member
20 polishing method making use of the same.
The present inventors made extensive studies in order
to achieve this object. As the result, they have
discovered that the polishing of the tantalum, tantalum

alloy and tantalum compound, which are conductors used



. HC1578 an average particle dianeter of 30 nmor |ess, and a standard
devi ation of particle size distribution of 10 nmor nore. The abrasive
grains may preferably be in a concentration of fromO0.05 to 100 by weight,
-.nore 5 preferably fromO0.1 to 50 by weight, and particularly preferably
fromO0.2 to 3 o by weight. The colloidal silica may preferably bﬁﬁg5§rOdUCt
obt ai ned by hydrolysis of a silicon al koxide. A product obtained i 5

sodi um si | i&ﬁt BnaS Bh B 8L al Sy ERY, Al DeeHsedii 40 The PajhERI RG TR UM
for CMP of the present invention may preferably have a polishing-rate ratio

Ta/Cu or T .he . t or I ityLde r,

gi ncl usi ve %&K?g)ﬁlplg}é \é\ﬁggy}gﬁ%o@rgmmrae ltcﬁ'gnnlg% léarﬂrﬁj(; éai%)gl i shi n(gQrﬁgﬁez lrrc}a io
(Ta/ Si 02 or_TaN/ Si,02), between 15 tantal um or tantal Nt ri silicon
di oxi de fil#WBPnore 1Raf P“Tﬁ8n€8ﬁ§H€?%%°Prncﬁ3§$€% g%mggﬁ?%g%ductors)
suited for the polishin Ki ng use of fhe l.i shing ediumfor CVMP of the
present inv%ﬁ?P%@lﬁﬁgh? CEEH% gBEB@FSZZEnXS Eéf”ht|g9éeaﬁH“E%%BEr oxi des,
and tantalum tantalum alloys and tantal um conpounds (such as tantal um
nitridep whitHeadian tRtevites e ITayet’s PO 4Hel2er MW By EPE for

preventing copper atoms fromdiffusing) . Accordingly, the present |
i nventi on ptbeindes k-pekhsiinga hephdd sdfing, comprising an oxidizing

agent for these conductors, a protective-film-forming
agent for protecting a metal surface, an acid, and water;
the polishing medium having a pH of 3 or less, and the
10 oxidizing agent being in a concentration of from 0.01
to 3% by weight. This first polishing medium may further
contain abrasive grains.
There have been the problems that making the abrasive
grains have a higher hardness when the barrier layer
15 is polished may cause polish scratches in the copper
alloy to bring about poor electrical characteristics,
and making the abrasive-grain concentration higher may
bring about a higher polishing rate of the silicon dioxide
film to cause the problem that the thinning may occur.
20 The present inventors have discovered that the
polishing of the tantalum, tantalum alloy, tantalum
nitride and other tantalum compounds which are used as
the barrier layers proceeds with ease in a low pH range

and in an oxidizing agent low-concentration range.



HC1578 polishing a barrier layer containing tantalum a tantalumalloy or a

tant al um conpound ( such as tantalumnitride ) , by the use of the

pol i shing medium for CMP of the present invention, and al so provides a

. polishing nethod of 5 polishing a surface including a wiring | ayer (copper,
a copper alloy and/or an oxide thereof) and a barrier |ayer ther%%ﬁr7%a

| ayer for preventing copper atonms fromdiffusing), by the use of é

pol i shing redidpnir, G RE st Be i asftal EMart, i Gherd Os BRhER BRIGRIPThEN OF
THE DRAWNGS Fig. 1 i's an iilustration shomnng the steps of polishing a

substrate "EE&H%(:IEI e Exapples; s 195BRST MDESFAR PRAGTL g;'eNﬁ Tes 1NVENTI ON

The polishing medi um of the present ‘invention 1's sufted when a substrate
menber conpri si .a substrate which nits surfa n Xi de
Wi a dalcEoBEd %&%rh’f%x prf i ﬁ%@é?naﬁ&nééet & PehEd e g
copper or cgg per, allog have been forned to fill dal e theremntqlls used
as a pol i sh#ng NIHERT SIH 9 S uBEESae heBBE |ang8t z%"}?e%tb -0 as

shown in Fig. 1, formng on the surface of a silicon wafer [Fi é ] a
si |i con513 MAaKCOSTHIHi Biitde 31 | MREFIFTY. 12 (D9, cE6hANR Bﬂtﬁhé’fsu R5ce
thereof a resist layer 12 having a stated pattern [Fig. 1 (c)], formng a
dal e 13 in thppsid iccorcapprirde 1flid yn andpyhdioh étae:WCF@m@cﬁ@ltmé?Pm@niamt@g t he
resist layer 5 12 [ Fig. 1 (d) ] , depositing a barrier nmetal such as

t ant al um byquasuuimmeposiat ilovw-LR¥Dramdgéde |ike to forma barrier

The present inventors have also discovered that,
in the polishing of the tantalum, tantalum alloy or
10 tantalum compound used as the barrier layer conductor,
any too large particle diameter of abrasive grains may
bring about a decrease in polishing rate of the barrier
layer and an increase in polishing rate of the silicon
dioxide, and also that, even when the abrasive grains
15 have a small particle diameter, any too small standard
deviatioﬁ of particle size distribution may bring about
an increase in polishing rate of the silicon dioxide.
This phenomenon is remarkable when the tantalum, tantalum
alloy or tantalum compound is polished with a polishing
20 medium having a low pH and also containing the oxidizing
agent in a low concentration.
It has been found that, when such a polishing medium
is used, since the oxidizing agent is in a sufficiently

low-concentration range, the dishing of wirings does



.. layer 14 [Fig. 1 (e)], and depositing a nmetal such as copper on the surface

t hereof by vacuum deposition, plating or CVD to provide a wring |ayer 15

[Fig. 1 (f)]. 10 This substrate nmenber is subjected to CMP by the use of a
- polishing nediumfor copper and copper alloys which has a sufficiently

| arge polishing-rate ratio between the wiring |ayer (copper and/%El%Q%per

alloy) and the barrier layer, so that the barrier layer 14 at 157thé hil

(the part poVideleWihhd mesdtisan dhadidensly Jcofirt he taubst iaier apber
conmes uncovered to the surface, thus the desired conductor pattern is

bt i ned 11 e (eci hng: @ oh o G9ADEE 0B SORPET B Thh ThyL5 has

been left in the 20 This substrate nmenber is further
pol i shed wi th. a,pglishi i,u r-gﬁ;\qy % € B.E%]lsﬁo t¥gg Ehe
barrier Iaj%?l%k %ﬁ&spﬁggﬁgggkggbg%b% 15, 6§ Ea? as shown iﬁ Lig. % (h) a
sem conductor suhstrate nenber,is obtained in which the siliceon _dioxide 11
stands 14 2}€18 QMQ%Veﬁﬁ?ﬁboPhgﬂﬁu?%ﬁg.Oﬁﬁy?infﬁﬁﬁ?sﬁgng %ﬁ%un1for
CWP of the present invention is the paljshing medi umconprising an
oxi di zi Ry a¥eRESHore TORBLEL FTRRCEpEGR et tve-fil mforming agent 5 for
protecting a nmetal surface, an acid, and water, and has been so regul ated
that it has a pHe£oZdmyby¥s &he cPRegiers theveritdiot nglegemroriiges
concentration of fromO. 01 to 3 o by weight. It may further optionally
contain a polishing medium comprising an oxidizing agent for
conductors, a protective-film-forming agent for
protecting a metal surface, an acid, and water; the
10 polishing medium containing abrasive grains, and the
abrasive grains having an average particle diameter of
50 nm or less and standard deviation of particle size
distribution in a value of more than 5 nm.
This polishing medium of the present invention may
15 preferably have apHof 3 or less and contain the oxidizing
agent in a concentration of from 0.01 to 3% by weight.
The polishing medium having a low pH and containing
the oxidizing agent in a low concentration can keep the
dishing, thinning and polish scratches from occurring
20 in copper or copper alloy wirings, and can materialize
high-rate polishing of barrier layers in a low
abrasive-grain concentration.

The polishing medium for CMP of the present invention

may further contain a water-soluble polymer. In such

10



wat er - sol ubl e pol yner and abrasive grains. 10 If the polishing medium for

CWP has a high pH of nore than 3, a low polishing rate nay result on the

tantalum tantalum alloy and/or tantal um conpound. The pH may be adj usted

-. by controlling the anbunt of the acid to be added. It may al so be adjusted
by addi ng an al kali 15 conponent such as anmoni a, sodiun1hydrOX|%? %

t et ranet hyl ammoni um hydri de. The polishing rate of the tantal um & al um

al l oy and/ of taptal upgoRRAW; { REChRE @t Mixiyyr aher athey oxediiz ng agent
for conductors is in a concentration 20 of about 0.150 by wei ght. The

oxi di zi ng. agspt AP £5oROIIRL L PBOlo 3 reehani il | ¥y gadidiye pol sabl e

primary oxi dée ['ayer on the surface of conductor*filmof the tantalun1

I | | d li,sh
HOL578 | GBABPA-S tﬁﬁéﬁﬁﬁh@%ﬁfﬁéﬁ. i B LR T oL B e the

etching rate f the c r er allo lmis so h h as to make |
difficult fof teﬁeteﬁofgg g‘?iq ¥Br ﬁoﬁb'%aﬁjéﬁflgt8@&1‘?1%?%"#&%&%?& 5
However, in the present invention, the oxidizing agent is in

suffici éntlgra IS@WQ:GW‘P&|Ibﬁ9|lﬁ’ﬁ‘§ttft41%rkjllétceéﬂ%°ﬁ ‘?rﬁafjo’ﬁr'ﬁ%rﬁagnt can
make etching control. If the oxidizing agent is in a_high concentration of
more than 3pobyamsi ghcihor @Ryl hhedech ng orlat2c by Lagide, Eopbiey syl

copper alloy may be so high as to tend to cause the dishing, but also a
secondary oxzildehclyeand polyvinylpyrrolidone.

The acid may preferably be an organic acid, and may

more preferably be at least one selected from malonic
10 acid, malic acid, tartaric acid, glycolic acid and citric
acid.

The oxidizing agent for conductors may preferably
be at least one selected from hydrogen peroxide, nitric
acid, potassium periodate, hypochlorous acid and ozone

15 water.

The protective-film-forming agent may preferably
be at least one selected from benzotriazole (BTA) and
a derivative thereof (hereinafter "BTAs").

The abrasive grains may preferably be at least one

20 selected from silica, alumina, ceria, titania, zirconia,
germania and silicon carbide. Colloidal silica or
colloidal alumina having an average particle diameter
of 50 nm or less is preferable for the present invention.

The abrasive grains may particularly preferably have

11



whi ch can be polished with greater difficulty than the prinmary oxide |ayer
may be fornmed on the surface of the conductor filmof the tantal um
tantalumalloy or tantalum 15 nitride or other tantal um conpound, resulting
-.in a low polishing rate. If the oxidizing agent is in a concentration of v
| ess than 0.01% by wei ght, the oxide |ayer can not sufficiently g_ﬁ:[l];glo{?ned,
resulting in a low polishing rate to even cause peeling of the t m 20

filmin songhcases:.adbephdt shiagamedidee ol OV ofint ke present drmweation
may further contain abrasive grains. To achieve a high dispersion stability

and make any. BOlda N9 99RALGIRSo kR AUl o LY ARIASEYS I 05 BRY 10

preferably 8 average partic aneter of 100 nm or | ess,

d i cul arl ferably 50 , Lishi i
P O 1 he PReBEnthTheent FOF 14 TRE 561 1hF AR Smadl Unbeepr SrAg B 1n "

oxidizing 5 agent for conductors, a protective-filmformn gent for
protecting & e%ﬁFP% n a‘?}fac?irc?,npa d%@t@;“ﬁ@ﬁoﬁ%hgﬁgwé%%%
further containing abrasive grains, and the abrasive grains hgving an
aver age Spar Prefe xhlak¥t St %olnhorot eby AR A Er afddt dPAEHLIAY bAL oF
particle 10 size distribution, of nore than 5 nm This second polishing
medi um t ooprede kel #rabdy be2 o Béghvaredgbttat iTthege lal pHlefl 314 daess
and contai ns the oxidizing agent for conductors in a concentration of from
0.01 to 3% hyywsimhferhblnedessar preadwateoksod ibkd pof ymedrolysis of
a silicon alkoxide. A product obtained using sodium
silicate as a materials may also be used.
10 The polishing medium for CMP of the present invention
may preferably have a polishing-rate ratio (Ta/Cu or
TaN/Cu) between tantalum or tantalum nitride and copper
(inclusive of copper alloys) of more than 1, and a
polishing-rate ratio (Ta/SiO; or TaN/S10;) between
15 tantalum or tantalum nitride and silicon dioxide film
of more than 10.

The conductor {(inclusive of semiconductors) suited
for the polishing making use of the polishing medium
for CMP of the present invention may include copper,

20 copper alloys and copper oxides, and tantalum, tantalum
alloys and tantalum compounds (such as tantalum nitride)
which constitute barrier layers for the former (layers

for preventing copper atoms fromdiffusing). Accordingly,

the present invention provides a polishing method of

12



. 15 may be added. Abrasive grains having an average particle dianmeter of 30
nm or | ess and having a standard devi ation of particle size distribution of
nore than 10 nmare particularly preferred in the present invention. I|f

-.they have a | arge average particle dianeter of nore than 50 20 nm a | ow

polishing rate may result on the barrier layer, and a high polisg 7rate
on the silicon dioxide film Also, even when they have an averag qﬁﬁtQCle
di aneter of ;39 iR 0yl LBEx & & Ak POLI &IW PE 1 1ALRy £@RSa L Omf e8Wdn €A1 LRE
silicon dioxide filmif their standard deviation 17 HC1578 of particle
size distri i i.s_| t 5 j.0Lzi 1y the £ g8 or
second poligﬁﬁﬁgnﬁézﬁuﬁéigr %§ﬂbﬁ£n§%$§§#Ki%€é€%§g% #@9 p?é eragVy be
used in a concentration_of,from,0.01.t0 1.5% b i 5 t

wat er - sol ubP& ggﬁyHéF pg ggﬁt RiPred i %\S?&r‘{“ﬁoﬁlo\ﬁbgeﬁ%o?%ec&oﬁ%gent
adsorbed to the surface of the tantalum, tantalum all oy or ntal u

conpound or 1PVENSG R/ | AP¢t 2 5R8 RHRE {RE ﬁxi%’ﬁﬁg‘l rﬂle&/ﬁioéﬁop
contributes to the high polishing rate can be in a |ow 10 concentration
range. A soPoifieharer asdwinf acpoliyiekudéngs a o' b dadsdY BEd (ESQRRBANI Y to
the surface of the nitride conmpound filmsuch as tantalumnitride film or
titani um niaricdedéet nplaed’ hendéoint 4 esasicderedrelrdt) taedpdl ik Agekat e
of the nitride conmpound filmsuch 15 as tantalumnitride filmor titanium
nitride fil layar khdoafokbdanwhalyer the watevesblimg equpynezthas thomn

diffusing), by the use of the polishing medium for CMP

of the present invention.

10
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is an illustration showing the steps of
polishing a substrate member in Examples.
15

BEST MODES FOR PRACTICING THE INVENTION

The polishing medium of the present invention is

suited when a substrate member comprising a substrate
which has on its surface a silicon dioxide with a dale

20 and on which a barrier layer and a metal film containing
copper or copper alloy have been formed to fill the dale
therewith is used as a polishing object. Such a substrate
member is obtained by, e.g., as shown in Fig. 1, forming

on the surface of a silicon wafer [Fig. 1 (a)] a silicon

13



. effect of formng a netal surface protective filmto inprove flat-surface
retentivity against the dishing and thinning. 20 The oxidi zi ng agent for
conductors in the present invention nmay include hydrogen peroxide (H202),
. nitric acid, potassium periodate, hypochlorous acid and ozone water. O

t hese, hydrogen peroxide is particularly preferred. Were the Sugﬁ%ﬂf}e
menber is a silicon 18 HC1578 substrate nenber incl udi ng devi St

integrated gibgUides, ritnm S unpesiyr.abl eﬁ)f'j I ted O PEGC N aph Bated- w4 th
alkali metals, alkaline earth nmetals, halides and so6 forth. Hence, an

oxi di zi ng agent A £a0Lal ik Ay 5y N YQLal] |- LOPOReRL oS, i ef ot ped.

Here, since the ozone water may “undergo a great conpositiona ange with

time, the hydraogen peroxi.de is t ited. . However, where.the substrate
menber to b rs&gieﬁs’he OF?lgl%l%sggéL?o:]t%r até @n%e?lgiéthnnc&h Fﬁéiseanél&m
sem conduct or devices, 10 an oxidi zi agent containing a in-volatile
conponent rrg} g’é/ GtLR 9 afy dor ?%%F%Vjaﬁgdt@segdr?ﬁltsﬁe IR ¥8Ent

invention m referably be formc acid or an organic acid ( such as acetic
aci d. priopi bRi CF 6@ d, (dallor fIEDSGH it 1D b AFIDLR Y Fed %k PECTLES - ARk AR
acid, 3,3-dinethylbutyric acid,
2- et hyl but ybiyc deicdiuim née hylsddnt amoi €HOI ¢,m-tept bhbec tacifd rme-arde &y khi®ranoi ¢
acid, n-octanoic acid, 2-ethyl hexanoic acid, benzoic acid, glycolic acid,
layer 14 [Fig. 1 (e)], and depositing a metal such as
copperonthe surface thereof byvacuumdeposition, plating
or CVD to provide a wiring layer 15 [Fig. 1 (f)].

10 This substrate member is subjected to CMP by the
use of a polishing medium for copper and copper alloys
which has a sufficiently large polishing-rate ratio
between the wiring layer (copper and/or copper alloy)
and the barrier layer, so that the barrier layer 14 at

15 the hill (the part provided with the silicon dioxide
11) of the substrate member comes uncovered to the surface,
thus the desired conductor pattern is obtained in which
the wiring layer (copper or copper alloy film) 15 has
been left in the dale [Fig. 1 (g)].

20 This substrate member is further polished with a
polishing medium for CMP which can polish away both the
barrier layer 14 and the wiring layer 15, so that as

shown in Fig. 1 (h) a semiconductor substrate member

is obtained in which the silicon dioxide 11 stands

14



. salicylic acid, glyceric acid, oxalic acid, malonic acid, 20 succinic acid,
glutaric acid, adipic acid, pinelic acid, malefic acid, phthalic acid,
malic acid, tartaric acid or citric acid) . Also usable are salts such as

- anmmonium salts of these, sulfuric acid, nitric acid, anmonia, anmonium
salts as exenplified by ammoni um persul fate, 19 HC1578 ammoni rg4§a1e
and ammoni um chl ori de, and chrom c acid, or m xtures of these. O ]hese, in

vi ew of an gdvariaweqt hat gHackieada &P polishing rate can be achieved,
malonic acid, malic acid, tartaric acid, glycolic acid and citric 5 acid

are preferred. T@geeprf%e&igl%gfﬂém 9;;}!{? L RFERE i M PeoRr @3RNt L BYERtd On

is selected from benzotriaz (BTA§ BTA derivatives (e. g.,

tolyltriazole ich is co ing, i igh 0,
benzene rinénﬁggﬂﬁg%%Jfb%gﬁ%ggﬁ#ﬁ%%%ﬂﬁﬁghaéu%@?ﬁ§¥ﬂg#%§%? %g%g{9?g§5¥%
4- carboxylic acid,fmhich i s a_conpound intmhigh th .Same has .been
subst i t ut ed®#eEH af @ar 6SRFUGF 865 é%dpﬁStﬁVﬁ,l%?ﬁgﬂ, rbpy At Y9 € Bid
octyl esters thereof), naphthotriazole, and naphthotrjazol e derivatives, or
15 mi xt o esEEENPHIG AGLARY & MHedL. SHRE AR erdBof GhLe ﬁd?cgrf‘é?tﬁﬁdai t he
present invention may include polyners having as a basic building block a
nononmer havhag ek bojykegidiatedr tialt sl & Hepsop, PAs@fenbI? ¥ i £8SEy and
pol yacrylicaci d, anmoni um pol yacryl ate,

contains the oxidizing agent in a concentration of from

0.01 to 3% by weight. It may further optionally contain
water-soluble polymer and abrasive grains.

10 If the polishing medium for CMP has a high pH of
morethan3, alowpolishingratemayresultonthetantalum,
tantalum alloy and/or tantalum compound. The pH may be
adjusted by controlling the amount of the acid to be
added. It may also be adjusted by adding an alkali

15 component such as ammonia, sodium hydroxide or
tetramethylammonium hydride.

The polishing rate of the tantalum, tantalum alloy
and/or tantalum compound reaches a maximum when the
oxidizing agent for conductors is in a concentration

20 of about 0.15% by weight. The oxidizing agent enables
formation of a mechanically readily polishable primary
oxide layer on the surface of the conductor film of the
tantalum, tantalum alloy or tantalum compound, ensuring

a high polishing rate.

15



. 20 sodi um pol yacryl ate, polynethacrylic acid, anmmoni um pol ynet hacryl at e,

sodi um pol ynet hacryl ate and pol yacryl am de; and pol yners having as a basic

bui | di ng bl ock a nononmer having a vinyl group, as exenplified by polyvinyl

. al cohol and pol yvi nyl pyrrolidone. \Were, 20 HC1578 however, the substrate
menber to be polished is a silicon substrate nmenber for senicond%ﬁ 78

integrated circuits, it is undesirable for it to be contam nated %

al kali netals, atha@e@f‘eﬁ@ithw@ﬁ@l gheh@dlddeshand sed onhhhas Hengg, oaci ds
or annnnlun1salts t hereof are preferred. Were the substrate menber is a

gl ass subst%eg% qﬁgggrsétEﬁr§agﬁc@9ﬁ§g”Pét%eQP§5§BE| PEthQHHbE'O”

of any of these water- e polyners enabl es inprove nt o]

di shi ng- preye t|ve r f Qr mance, on paccou f e, 10 et o] | .effect
attri but abl 3 5’ th%Pgﬁnotlésctl vehill Pmdor %Engl a%%n%% ﬁj‘ﬁlfcﬂggé%t r}‘lt#llgen on

al so provides a poljshi medium f,or havi ng_a ratlo
(Ta/ Cu or THNPélﬁp tblaYﬁ/eggr]tl%m QEGrhTt ?SﬁP J‘-rﬁn??ﬁ dfé“sa hﬂgoﬁge(?h

(i nclusive of copper alloys) of nore than 1, and

pol i shi fy- r aleWgihet Wee PSnP&QﬁﬁﬂFa%PXE&%%ﬁQr|HEeaﬁ&%ﬂq4k%ﬁ aP&ktde
(Ta/Si02 or TaN Si02) of nore than 10. As described above, where in the
present invéstiion 20 ﬁﬁéﬁﬁﬂi@htdg|ﬁ%ﬂ9W1ﬁmﬂqmptﬁ@§¥pmoﬁmﬁﬂ(ﬁhﬁess t han

3 and a | ow oxi di zi ng-agent concentration (the oxidizing
protective-film-forming agent can make etching control.

If the oxidizing agent is in a high concentration of
more than 3% by weight, not only the etching rate of
10 the copper or copper alloy may be so high as to tend
to cause the dishing, but also a secondary oxide layer
which can be polished with greater difficulty than the
primary oxide layer may be formed on the surface of the
conductor filmof the tantalum, tantalumalloy or tantalum
15 nitride or other tantalum compound, resulting in a low
polishing rate. If the oxidizing agent is in a
concentration of less than 0.01% by weight, the oxide
layer can not sufficiently be formed, resulting in a
low polishing rate to even cause peeling of the tantalum
20 film in some cases.
The polishing medium for CMP of the present invention
may further contain abrasive grains. To achieve a high
dispersion stability and make any polishing scratches

less occur, the abrasive grains may preferably have an

16



. agent is in a concentration of about 0.150 by weight), the polishing rate
of the tantalum tantalumalloy or tantalumnitride or other tantalum
conpound used as the 21 HC1578 barrier |ayer can reach a maxi num Were
.its pHis less than 3, the etching rate of the copper or copper alloy cones
hi gher, but, because of the sufficiently | ow concentration of the%cﬁ;g,/dé zi ng
agent, can be controlled 5 by the protective-filmform ng agent. 0,

where the ahyasiafe 9pais Ofe cQlibicdad r shifi g ®rnRobloi Kassal Wrda having
an average particle diameter of 50 nmis used, which |owers the polishing

rate of siljcon iqi,0xide. the, polLghings pahg r@ti peELa/ Cu or TaN Cu) between

tantal um 10" or tantalum™nitride and "copper (inclusive of copper alloys) can
be made nore thap 1 and al sq.t.h olishing-ra rglt' éa/ 'OZ%rT Si 02)
bet ween tant al ungoFetcaonr%(gl B%lr;hsﬁ}f%g é“r?ciﬁgiufli %%ﬁ |1\;(I)§i -e]lE ctg{neb grerg gjl\grmre
than 10. The abrasjve grains_usable.in tha.%g‘{ishi ng. medi um 15 fgr. zCIVPln may
be any of i hBFGAH tPRbradilePea FRISGACHI U FPER T 4T tHPnAl K8t 42109
titania, zirconia, germania and silicon carbide, and _organic abrasive
grai ns such2g€ndol {3y FORIUGBPYSer 3 i REBE S50t YUE A 1OHT b F e NPhr? ¥ €PEs.
Col l oidal silica or colloidal alumna having 20 an average particle
di amet er of £8¢ Pmret s dare ated br s8d fae had ngCa dgoad diwpeesirbitiity in
t he polishing medi um and being | ess causative of polish mars (scratches)
whi ch may bpoddustetn by m@dH, urs fulrdihre avepage jpat higclad th ahweergrains,
and the abrasivegrainshavinganaverageparticlediameter
of 50 nm or less and a standard deviation of particle
10 size distribution, of more than 5 nm. This second
polishing medium, too, may preferably be so regulated
that it has a pH of 3 or less and contains the oxidizing
agent for conductors in a concentration of from 0.01
to 3% by weight. If necessary, a water—-soluble polymer
15 may be added. Abrasive grains having an average particle
diameter of 30 nm or less and having a standard deviation
of particle size distribution of more than 10 nm are
particularly preferred in the present invention. 1If they
have a large average particle diameter of more than 50
20 nm, a low polishing rate may result on the barrier layer,
and a high polishing rate on the silicon dioxide film.
Also, even when they have an average particle diameter

of 50 nm or less, a high polishing rate tends to result

on the silicon dioxide film if their standard deviation

17



. those having an average particle dianeter of 30 nmor 22 HC1578 | ess are

preferred by which the polishing rate of the barrier |ayer can be nade

hi gher and the polishing rate of silicon dioxide filmcan be nade | ower,

-and those of 20 nmor |less are particularly preferred. As the 5 coll oi dal
silica, a product obtained by hydrolysis of a silicon al koxide or y,%@n

exchange of sodiumsilicate nmay be used, for exanple. As the col

al um na, a groductt pBial @eldz@ydfﬁ%@rxolwet§oaf o upkBYMYN Ak abe nigpy be used,
for exanple. 10 The abra5|ve grains in the first or second pollshlng medi um

for CMP may pref ?E% 1%?99?%%8&”1%}?‘8}{@ 65%%% 8% E%@Hr@%[po&fl ‘P@yght

to 10 o by wei gh nore preferably from 0 by weig

wei ght, based on th I add e an_anount t han
0030 15 by GERORt T2 heFEEgy! e RoPEeGT T cafit ST TR eRed aomP%ﬁs%slsy

pol i shi ng rate of a case not cont ai ni ng abr v 5 , nor e
than 10% byPfePgRed 1Mt & SAHISHNT PAIN %érr% ‘?fy‘??ﬁja FhBY ‘f’rﬁ e

| onger bring about any inprovenent of the rat e, of pollshlng by CNP 20 The
pol i shi iy n¥dicam §lof TRM I~ $Aé Ubles apP LiyAmPent 1 dncPrs teshrefal | ¥ Psui ted for
t he polishing of conductors (inclusive of sem conductors) such as copper,
copper al | oys t@&nt sopperl oxpabyneantdiee #i adsioneed tor thrpestuyacg of

tantalum tantalum alloys and tantal um conpounds 23
the tantalum, tantalum alloy or tantalum compound or

its oxide layer, and hence the oxidizing agent which
contributes to the high polishing rate can be in a low

10 concentration range. Also, the water-soluble polymer
tends to come adsorbed especially to the surface of the
nitride compound film such as tantalum nitride film or
titanium nitride film, and hence it is considered that
the polishing rate of the nitride compound film such

15 ‘as tantalum nitride film or titanium nitride film can
be low. Meanwhile, the water-soluble polymer has the
effect of forming a metal surface protective film to
improve flat-surface retentivity against the dishing
and thinning.

20 The oxidizing agent for conductors in the present
invention may include hydrogen peroxide (H;0;), nitric
acid, potassium periodate, hypochlorous acid and ozone
water. Of these, hydrogen peroxide is particularly

preferred. Where the substrate member is a silicon

18



. HC1578 such as tantalumnitride. The acid in the polishing nediumof the
present invention may be m xed in an anmount of from 0.0001 to 0.05 nol, and
nore preferably fromO0.001 to 0.01 nol, 5 baseed on the total weight 100 g
. of the oxidizing agent for conductors, acid, protective-filmform ng agent,
wat er - sol ubl e polynmer and water. If it is mxed in an anount of _{gmn
0.05 nol, the etching of the copper or copper alloy tends to proggggs 00

much. 10 Thgupisatest & Vechidd® f Oh¥iIRt AYENH VL dbE Bl Sihi PgghRdidaun of the
present invention nay be mxed in an anbunt of from 0.0001 fo 0.01 nol, and

more preferably, fiom 00005 19,0005 M0} o ed oR ot e 1oL Al el AR 400 g
h d gHtﬁ%

of the oxidizing agent for conductors, acid, 15 protective- orm ng

agent, water-sol ubl.e_pol r_.and er,. . it i i.n t _of,less
t han 0.0001w%%%;Eﬁhﬁagfcﬁgﬁﬁag?’tﬁg égﬁﬁéé %?rggbg%gggﬁﬁéyﬁg%ﬁggggoag%%ceed
too much. If it is.in an amount of npre than 0.01 nol, there can_be no
change in tA8 &Pfiddt: BeTASrhé skt 2RI TRE RRE Gatdr2 Sorag &Y

pol ymer may al so be added, and the water-sol uble polyner may, be m xed in an
amount of fiamMPbdtide CHEPBPeRd ght , Pasd SioFedpr efl8rsl yS P66 108 to

0.2% by wei ght, baseed on the total weight 100 g of the oxidizing agent for
24 HC15780zone water may undergo a great compositional change

with time, the hydrogen peroxide ismost suited. However,
where the substrate member to be polished is a glass
substrate member not including any semiconductor devices,

10 an oxidizing agent containing a in-volatile component
may be used without any problem,.

The acid used in the present invention may preferably
be formic acid or an organic acid (such as acetic acid,
propionic acid, valeric acid, 2-methylbutyric acid,

15 n-hexanoic acid, 3,3-dimethylbutyric acid,
2-ethylbutyricacid, 4-methylpentanoicacid, n-heptanoic
acid, 2-methylhexanoic acid, n-octanoic acid,
2-ethylhexanoic acid, benzoic acid, glycolic acid,
salicylic acid, glyceric acid, oxalic acid, malonic acid,

20 succinic acid, glutaric acid, adipic acid, pimelic acid,
maleic acid, phthalic acid, malic acid, tartaric acid
or citric acid). Also usable are salts such as ammonium
salts of these, sulfuric acid, nitric acid, ammonia,

ammonium salts as exemplified by ammonium persulfate,
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. conductors, acid, protective-filmform ng agent, water-soluble polyner and

water. If it is mxed in an anount of |ess than 0.001o by weight, the
effect attributable to its use in conbination with the 5
. protective-filmform ng agent tends not to be brought out in etching
control. If it is in an anount of nore than O . 5 o by weight, aI%ﬁ%g{ te
of polishing by CMP tends to result. The method of polishing the . ate
by the use AQm@fn g POt +8hkengn ABLhMBNim MR 1 489 PhasemtohAveltia) is a
pol i shing method in which the polishing mediumfor CW is fed to a
polishing p LShin l.at en, i NGiNg ;i | @ i

ag ﬁ@ﬁlgg%%; SENGRRIAL N0 Ath o BE) NGLNG 1'dhy 1Y Q. AN hh W)

a
surface to be polis e surface to pol e pol1shing "pad

poL i Shing, - APEGTGARY A I00T BXct TGhHg: by ALde ARy DECtbed ahPEH has a

hol der for hol djin sem conduct or sybstr at nber _ havi ng the surface to
be pol i sheda&ﬁ(ﬁi'ag‘ﬁali%rﬁ‘?fgdplta?’éﬁatr&Cvxﬁic 1 B ¥oP L i AGLo02pAuChAS Heen
fastened ( fitted with, a . g. , a notor whose nunber of revolutions is

vari abl . A§ithe2psl PSHitRYr pad,: comonly avail abl e nonwoven fabric, foanmed
pol yur et hane, porous fluorine resin and so forth may be used w t hout any
particul ar |imthicormsroThertd wgef 23m-fqQIB8¥Ban@grrti éwl drh¢i prests™Ahs on
polishing conditions. It is preferable to rotate the polishing platen at a
| ow invention is selected from benzotriazole (BTA) and BTA

derivatives (e.g., tolyltriazole, which is a compound

in which one hydrogen atom of the benzene ring has been
10 substituted with a methyl group; benzotriazole

4-carboxylic acid, which is a compound in which the same

has been substituted with a carboxyl group; and methyl,

ethyl, propyl, butyl and octyl esters thereof),

naphthotriazole, and naphthotriazole derivatives, or
15 mixtures containing any of these.

The water-soluble polymer used in the present
invention may include polymers having as a basic building
block a monomer having a carboxyl group, or salts thereof,
as exemplifiedbypolyacrylicacid, ammoniumpolyacrylate,

20 sodium polyacrylate, polymethacrylic acid, ammonium
polymethacrylate, sodium polymethacrylate and
polyacrylamide; and polymers having as a basic building
block a monomer having a vinyl group, as exemplified

by polyvinyl alcohol and polyvinylpyrrolidone. Where,
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. rotation of 200 rpmor |ess so that the substrate does not rush out
therefrom The sem conductor substrate 5 nenber having the surface to be
polished (the filmto be polished) nmay preferably be pressed agai nst the
polishing pad at a pressure of from9. 8 to 98 . 1 kPa ( from 100 to 1, 000
gf/cn2), and nore preferably from9.8 to 49.0 kPa (from 100 to 5 g§{§nﬂ)
in order to satisfy 10 the wafer in-plane uniformty of polishin89¥5 e and

the flatnesgoqfeat} IS . stPs the tOWo &Ff thaPYPdshiRed theapol i skioig
medium for CVWP is continuously fed to the polishing pad. There are no

particul ar ggw&%&eg%eﬂﬂe@ ¢ freedfi@hibherdt iSteyeharable fonithe 15

pol i shing-p ace to be always covered with the polishing nmedium The

sem conduct gt §UDSNALe; FEARSL AN WhtchotBe Ralishh Pdafas beal, colplated

may preferabl’y "be ‘wa roughly rn runni ng water an her eaf e set

cem conduct BE Gk r B4 icrber SaPGi hBHety ‘aryE A e P ESOTHe T £h

presentinvention is specifically described below by giving Exanples . The
pr esent 5nv§mﬁQﬁvi%CBQ%KP%eéWQQH?umFEQQﬁ?I?hﬁ?&ﬁﬁwa¥%e§é hpees. (1)
Preparation of polishing nmediumfor chem cal -nmechani cal polishing: As shown
in Table 1, Wbexaribharsilp$tyatmn Bemeeghis a glass substrate member,

the same does not necessarily apply. The addition of
any of these water-soluble polymers enables improvement
of dishing-preventive performance on account of the
10 etching control effect attributable to the
protective-film-forming agent.

The present invention also provides a polishing
medium for CMP, having a polishing-rate ratio (Ta/Cu
or TaN/Cu) between tantalumor tantalumnitride and copper

15 (inclusive of copper alloys) of more than 1, and a
polishing-rate ratiobetween tantalumor tantalumnitride
and silicon dioxide (Ta/Si0O; or TaN/SiO;) of more than
10.

As described above, where in the present invention

20 the polishing medium for CMP has a low pH of less than
3 and a low oxidizing-agent concentration (the oxidizing
agent is in a concentration of about 0.15% by weight),
the polishing rate of the tantalum, tantalum alloy or

tantalum nitride or other tantalum compound used as the
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. 5 of an acid, abrasive grains (but not added in Exanple 1; 1 part by wei ght
in Exanples 2 to 9; and 1% by weight in Exanples 10 to 13) , 0. 05 part by
wei ght of a water-soluble polynmer (but only in Exanples 4, 6 and 7) and

. 0.20 by weight of a protective-filmform ng agent (BTA), water 10 (98.85

parts by weight in Exanples 1 to 9, and 97.9% by weight in Exaan% #f%to
13) was added to effect dissolution, followed by addition of hydr(g%

peroxi de wahgk r(ide SURY FBEEd nf SRR 2 AL ROMEGUS e B8! UEEOPH a8 aARss
oxi di zi ng agent for conductors to obtain polishing 15 nediuns for CVP.

Here, as thepaby as] vengr aliis:: €01 LQkdalo £1LL6a ML ANoaveIAnc, Paghide

di anet er of to '60 nm was a d which was prepared by hydrol ysis in an
anmoni a sol ution of.tetraethoxysil ane, Al ld.C. aci colic
aci d used eggﬁlehsaguag ﬁg’ofb‘ééz Ibffauif:l%% éllggl gﬁffc (?J%g\;gqp %%

i hyd id | | Oi | e
O oYt o et an S MR reh B ISP hnd SRR B €T adNe | on

of polyner,Particleparticle sizediamet er(nmdistribution(nm 1glycolic
acidO.15?.59¥lﬁ&ﬁ%ﬂﬁﬁPF@C§bYﬂ©TiSé?BU@@E@H&ﬁbSH%ﬁ?E°acﬁéf952ﬁ@g%éfoﬁﬁﬁé 4
malic acid 0.15 2.80 20

abrasive grains of colloidal silica or colloidal alumina

having an average particle diameter of 50 nm is used,
which lowers the polishing rate of silicon dioxide, the
polishing-rate ratio (Ta/Cu or TaN/Cu) between tantalum
10 ortantalumnitride andcopper (inclusiveofcopperalloys)
can be made more than 1 and also the polishing-rate ratio
(Ta/Si0, or TaN/Si0;) between tantalumor tantalumnitride
and silicon dioxide can be made more than 10.
The abrasive grains usable in the polishing medium
15 for CMP may be any of inorganic abrasive grains such
as silica, alumina, ceria, titania, zirconia, germania
and silicon carbide, and organic abrasive grains such
as polystyrene, polyacrylic or polyvinyl chloride
particles. Colloidal silica or colloidal alumina having
20 an average particlediameterof 50 nmor lessarepreferred,
as having a good dispersibility in the polishing medium
and being less causative of polish mars (scratches) which
may be caused by CMP. As their average particle diameter,

those having an average particle diameter of 30 nm or
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. 10ammoni unpol yacryl at e5gl ycol i ¢ aci d0. 152. 582010none 6 glycolic acid 0.15
2.95 20 10ammoni unpol yacryl at eanmoni univmal i ¢
aci dl. 82. 762010pol yacryl at e8mal i ¢ aci d3. 32. 452010none9nal i c

-. aci d0. 153. 252010nonel0mal i ¢ aci dO. 152. 502510nonellmalic
aci d0. | 52.504014nonel2mal i ¢ aci d0.|52.526013nonel3nmualic acidO.lSﬁﬁg&§ﬂ§none
28 HC1578 (2) Polishing: Using the polishing nediuns for CWP t

obt ai ned, CMBswWas; £&I pir@E Odted B/ ivwhiBE wiﬁb@amﬁr@?aﬁaft@ |®FSthe
Substrate nmenber: 5 Silicon substrate with a tantalumfilmforned thereon

L0 a thickngss ofe 200,08, S 400 SURS! hal@ o 1dnd |AB! BUMMEhdeshid m

fornmed thereon in a thickness of 100 nm [1con substrate with a silicon

di oxi de fil m.fqr.ned t he i1 hi,ckness 3, il rate
with a coppgrf' ﬁﬁr’fr}?égrre Cgkggé)gri o%l‘lalnlﬁa&gﬁi %(enelg%d%f llo%e,% I?’g’l(??s |§§tepad:
Foamed pol yurethane resin with closed cells. 15 Polishin ressure:. 250
of /onp.  Rel B A0 SPBed Fofl SUBSEFS ©NERBER 13 b8l PLR TR BParenis g hé
m m nute. (3) Poljshed-product evaluation itens; 20 On the pol.ished
product & ha¢Pid bedalpsddescad By RAPIUEFaIARE R bACRaL Yreld¥dge kel foPfowi ng
itenms. Rate of polishing by CW:

a silicon alkoxide or by ion exchange of sodium silicate

may be used, for example. As the colloidal alumina, a
product obtained by hydrolysis of aluminum nitrate may
be used, for example.

10 The abrasive grains in the first or second polishing
medium for CMP may preferably be added in an amount ranging
from 0.01% by weight to 10% by weight, and more preferably
from 0.05% by weight to 5% by weight, based on the total
weight. If it is added in an amount of less than 0.01%

15 by weight, there may be no significant difference from
the polishing rate of a case not containing any abrasive
grains. If it is more than 10% by weight, its addition
in a larger quantity than that may no longer bring about
any improvement of the rate of polishing by CMP.

20 The polishing medium for CMP of the present invention
is especially suited for the polishing of conductors
(inclusive of semiconductors) such as copper, copper
alloys and copper oxides, and barrier layers for these

(e.g., tantalum, tantalum alloys and tantalum compounds
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. Determ ned by calculation fronel ectrical resistance value in respect of the
difference in |ayer thickness 29 HC1578 before and after the fil mwas
polished by CMP. Etching rate: Determ ned by cal culation fromelectrical
- resistance value in respect of the difference in copper |ayer 5 thickness
before and after imrersion in the polishing nediumfor chem cal haapq cal
pol i shing, having been stirred at 25C and 100 rpm D shing Ievelqﬁg'3| i con

substrate haukpg ddergar 2 5h! heer idHoOxi de 10 filmin which grooves of 0.5
~min depth were forned, a tantalumnitride filmfornmed thereon by known

sputtering in a bhickness o, Hh 83 1A P8T LRy RYEE e GoraRRey: (i1 m

simlarly formed thereon by sputtering and urled I'n the groove by known

heat treatngnt @ﬁi ﬁge% 35}?%5H9§tQ?tfnlgnm% a%q, ﬁu%|qﬁ5@g g two-
e rom

step polishing. e Surface profi a pat efn area In i ch
stripes of 10 h for the art. of
width for tﬁ %&arnfo I%?Fﬁgpfrl nga"%%% gmﬁt(ﬁe ﬁgtel v, tlﬁghl'evel

of filmloss at the art of wiring 20 netal mnth respect to the part of
i nsul at ithg Pﬁlsrﬁ%§]aeF}é?mtﬁ$&]bW%SH§ 0% Ei3F u%hguf’?‘aéjel Ot ofi PR er
As the first-stage polishing nmediumfor copper, a polishing nmedium for
copper and EOFpEtoRANEFSOT havhhidda SRFPEEICENVS~ FAlge HoFMRhGEIaRE ratio
of the copper

water-soluble polymer and water. If it is mixed in an

amount of more than 0.05 mol, the etching of the copper
or copper alloy tends to proceed too much.

10 The protective-film-forming agent in the polishing
medium of the present invention may be mixed in an amount
of from 0.0001 to 0.01 mol, and more preferably from
0.0005 to 0.005 mol, baseed on the total weight 100 g
of the oxidizing agent for conductors, acid,

15 protective-film-forming agent, water-soluble polymer
and water. If it ismixed in an amount of less than 0.0001
mol, the etching of the copper or copper alloy tends
to proceed too much. If it is in an amount of more than
0.01 mol, there can be no change in the effect.

20 In the present invention, the water-soluble polymer
may also be added, and the water-soluble polymer may
be mixed in an amount of from 0.001 to 0.5% by weight,
and more preferably from 0.01 to 0.2% by weight, baseed

on the total weight 100 g of the oxidizing agent for
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. 30 HC1578 to the tantalumnitride, was used to carry out the polishing.

After the first-stage polishing, a substrate nenber sanple was so prepared

that the dishing | evel neasured in the state the barrier |ayer stood

- uncovered onto the 5 part of insulating filmcane to 50 nm and was then
subj ected to the second-stage polishing using the above polishinqgﬂE9,

for chem cal - mechani cal polishing, until the barrier |ayer cane at the

part of insgbaduidikm akhidapi ?theé/@’&lvéafﬁhﬁnsﬁbﬂ:@ﬁ%tﬁ’rgf;@r& of a
pattern area in which strlpes of 2.5 min total width, consisting of 45

~,min w dtt;aftglig%ﬂﬁﬁtemg{ {hEeRD JPRS 8 agRd 5 1M iE‘ Wisdthy fon the part

of i nsul ati ng rranged alternatel’y, fornmed in the substrate

menber used_to evalu t the bove 153&i§hkﬁgv+ g#témqﬁn$e agyred with the
e

styl us sur f 868 prof? offst et o aeterntne oss at the part
of insulating film he vi c] of the m f. the t W th
respect to f‘ﬂérdak?‘t{%t’&tehet? nsg t\(’isrfg Rk ﬁtotﬂl F‘&E’nd“’fﬁé Sthﬁ pe pattern.
After the 20 first- stage polishing, a substrate menber sanple was so

prepauaﬁthQFQﬂﬁﬁthVﬁnlﬁ}We@@Fmﬁ%%u?gémqt?%%d§t§ﬂ¥t%% B&r REPUEhver
stood uncovered onto the part of insulating filmcanme to 20 nm and was

t hen subj eceud tid tdechdachd-erage lpol ishi by &S A te apews ot fshodse 31

than 0.5% by weight, a low rate of polishing by CMP tends
to result.
The method of polishing the substrate by the use
10 of the polishing medium for CMP of the present invention
is a polishing method in which the polishing medium for
CMP is fed to a polishing pad on a polishing platen,
and, bringing it into contactwithasurfacetobepolished,
the surface to be polished and the polishing pad are
15 relatively moved to polish the surface. As an apparatus
for such polishing, a commonly available polishing
apparatus may be used which has a holder for holding
a semiconductor substrate member having the surface to
be polished and a polishing platen to which the polishing
20 pad has been fastened (fitted with, e.g., a motor whose
number of revolutions is variable). As the polishing
pad, commonly available nonwoven fabric, foamed
polyurethane, porous fluorine resin and so forth may

be used without any particular limitations. There are
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. HC1578 nedi um for chem cal - mechani cal polishing, until the barrier |ayer
cane |lost at the part of insulating film (4) Evaluation results: The rate
of polishing by CVWP in each Exanple is showmn 5 in Table 2. Al so, the

- dishing level and the thinning | evel are shown in Table 3. Table 2 CW
polishing rate (nm m nute)Copper Exanpl eTant al unsi | i conet chi ng

rat eCopper Tant al um( nmi m nut e) ni tri dedi oxi del4. 05. 000. 5236.254.70F§6¥§Q§4.94

4. 91. 33. 2430409243 2013933 flcatidh 638, 351%}39 6¢bnkbi 5104@.,481G; 517.
31.26.792. 03.00. 70. 11011. 436. 254. 70. 8113. 228. 843. 20. 12|3 022. 043. 46. 71323.

e Pee i AR g ek 5%@”?‘%05’%5% 235 RE Fle
(nm 20 30 35 39 35 30,10 85, 70,2020 swgoleh@@g%ss bl 13 900l

di shing- an nnlng prevent| e per ornance Has been adhieve
particul ar, |n Exa t he oxidizin ent ina
concent r at i BR fof* % Bni 8RMFQ%r§&F - (scaman nBH%Qé%a Pbﬁéﬁft?he

polishing rates of tantalun1and tantalun1n|tr|de are so_high and i e

Gi shi ng T evBPTRRF RN Fover kA s §ﬁalqea809&sﬁbe%ség&ealﬂ/ 3o to
preferable. Al so, in Exanples 10 and 11, the polishing rate of tantal um
nitride f||hﬁ|§Qﬂgﬁh§ﬂﬂtW@Yp@MQﬂﬁh@bﬂXt@Qﬁp§Bﬁl YgaingL fihmis
relatively | ow, and hence good di shing- and thinning-preventive perfornmance
i s achi evedpols dimipgrpadubéra pnebsarpd esf £ zom %, 8i howbBch kRe (from

100 to 1,000 gf/cmz), and more preferably from 9.8 to
49.0 kPa (from 100 to 500 gf/cm?) in order to satisfy
10 the wafer in-plane uniformity of polishing rate and the
flatness of patterns. 1In the course of the polishing,
the polishing medium for CMP is continuously fed to the
polishing pad. There are no particular limitations on
this feed quantity. It is preferable for the
15 polishing-pad surface to be always covered with the
polishing medium. The semiconductor substrate member
on which the polishing has been completed may preferably
be washed thoroughly in running water and thereafter
be set on a spin dryer to blow off any drops of water
20 adhering onto the semiconductor substrate member,
followed by drying.
EXAMPLES
The present inventionisspecificallydescribedbelow

by giving Examples. The present invention is by no means
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- wat er-soluble polyner is used and the oxidizing agent is in a concentration
ranging fromO . 01 to 1. 5 o by weight, the dishing and the thinning
occur in a snaller level, showing better results, than Exanple 7, in which
. the 20 oxidizing agent is added in a larger quantity (1.8% by 33 HC1578
wei ght) . Here, when the water-soluble polymer is used, it is pr e
for the water-soluble polyner to be added in a concentration of from 0. 01

to 1.50 by wemghited | byl ttHess @ddedrgl @8, anount | arger than that, a low 5
polishing rate tends to result on the tantalumor tantalumnitride and the

thinning may occyg i rp@eﬂjgggq:ll&yegf BRAPLEidg iMedbigh fdre oxidizing
agent is in a concentratlon of by weight or less and the pHis 3 or

| ess, is al Eﬂgﬁ{lg?eia@'e%fpaeﬁmﬁggﬁ H}blfgﬁgh%g.nrate 10 of copper is |ower

than that in e oxl g agent is in a concentration

of nmore than 30 Isoth ol i shi r at ant al um.or.
tantalumnitri dep‘%smﬁﬁ%}% ﬂ Eﬁ& I évgqé)oaf %’éﬁgﬁ& 3 d%{ 4ﬁ%¥gwie§‘gs}h%| | er
than those in Exaqg mhlch 15 the p W is nmore th . .In Ex nBIes 10
and 11, % he®pold% ﬁ@;drfataéoﬁ?stll’@ B BR | ReF flﬂtma(C? eéam dek &P Lghe
tantalun1flln) is higher and the polishing rate of the silicon dioxide film
is lower thad Lh®s&h P ExappREtIAN EX P ER St e TR0 braddd vb? gP i WE e a

| arge particle dianeter. Thus, these Exanples are superior in view of the
di shi ng- andnExampleletolB),O OSpartbyweightofawater-soluble

polymer (but only in Examples 4, 6 and 7) and 0.2% by
weight of a protective-film-forming agent (BTA), water
10 (98.85 parts by weight in Examples 1 to 9, and 97.9%
by weight in Examples 10 to 13) was added to effect
dissolution, followed by addition of hydrogen peroxide
water (a guaranteed reagent, an aqueous 30% solution)
as an oxidizing agent for conductors to obtain polishing
15 mediums for CMP. Here, as the abrasive grains, colloidal
silica with an average particle diameter of 20 to 60
nmwas added which was preparedby hydrolysis in an ammonia
solution of tetraethoxysilane. Also, themalic acid and

glycolic acid used each had a pKa of 3.2.
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. thinning-preventive performance. Al so, in Exanples 10 and 11, the polishing
rate of the barrier layer film(in particular, the tantalumfiln) is at the
sanme rank 34 4 HC1578 as, but the polishing rate of the silicon dioxide
~filmis lower than, those in Exanple 13, in which the standard deviation of
particle size distributionis smaller. 5 POSSIBILITY OF INDUSTRI?kCl 5
APPLI CATI ON As descri bed above, according to the present inventionm ﬂ'u
tantalum tantalum all oy or tant al unngméoqnd or the |ike used as the

barrier layer can efficiently be polished and alsao the dishing thinning
10 and polilsh scratches can be kept from occlir AbRgsiv 8 geapfrer| or copper
alloy wirings to flormhighlyjreliable buried|netal film pattjerns. 35
HC1578 WHAT IS CLAIMED IS 1 1. A polishing nmedi um for chen dal - mechani cal 2
pol i shing, |conprisjing: 3 an Qg,(drgkequg,xﬁg}eant fl ocodl otdaichibite) ;| a 4
protective-ftilm farm gg;i@g for protecti rf_ﬂ a neta Sﬁa@g;({ dd@terrsodeble
and wat er, &P&'N 6 id po| i A ng edi ufhas &v.pH 0 Of n " | essolymBel 7
said oxidizing aggnt is in a coné‘?étn $rati pn of Phm e él ‘6 Ey wei ght to|3o
by weight. |1 2. The polishing nedium for | chemigabrpEEhH élé? 2 polishing
according tjo claim 1, which further conpfiseg 3¢ pléjtyibutgerdi ns. 1 3. The
pol i shing medi um flor chemni cal] - nechani cal |2 polishihg aewordilng to claim 2,
wher ei n:
1 glycolic acid 0.15 2.58 — — none
2 malic acid 0.15 2.501 20 10 none
3 malic acid 1.5 2.491 20 10 none
ammonium
4 malic acid 0.15 2.80 20 10
polyacrylate
5 glycolic acid 0.15 2.58| 20 10 none
ammonium
6 glycolic acid 0.15 2.95 20 10
polyacrylate
' ammonium
7 malic acid 1.8 2.76| 20 10
polyacrylate
8 malic acid 3.3 2.45 20 10 none
9 malic acid 0.15 3.25| 20 10 none
10 malic acid 0.15 2.50( 25 10 none
11 malic acid 0.15 2.50] 40 14 none
12 malic acid 0.15 2.521 60 13 none
13 malic acid 0.15 2.51 30 ) none
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. 3 said abrasive grains have a average particle diameter 4 of 50 nmor |ess,

and 5 said abrasive grains have standard deviation of 6 particle size
distribution in a value of nore than 5 7 nm 36 HC1578 1 4. A polishing

~ medi um for chem cal - nechani cal 2 polishing, conprising: 3 abrasive grains

an oxidi zing agent for a conductor: 4 a protective-filmformng §%§£$ é
protecting a metal 5 surface; an acid; and water, wherein: 6 sai A ive
grains have an avenage, ParhiiGie: 7 di aneter of 50 nm or | ess, and 8 said

abrasive grains have standard deviation of 9 particle size dlstrlbutlon in

a value of nore bQQG5§pO red l%é%lﬂ@emgﬁﬁﬁﬁﬁrEbPEéM%mﬂHHs obtalned

chem cal - mechani cal Ing according to claim4, wherein: 3 sa

pol i shi ng megjai Lot chewicalemechany cal s & POLLRNING. s & B £L13 gg J ess.

and 5 said oxidizing agent or a con IS In"a’® concentration from
0. 01% by me ht to 0 b 1 6. The polishing nmedium for

cheni cal - Thfts 5%¥$§%gng according to any one of claims 2 to 5,

wher ei n: 3 sald abrasive grains are at | east one selected from4_silica,

al umna,® ceria, Pitlafien Sz"rkP%BﬁF‘éFeaHélt@e? Fef g2 1 P“‘?fl’}:ﬁ‘ef%BWF%Fh&rr?éﬂ? um
for chem cal - nechani cal 37 HC1578 2 polishing according to claim 6,

wher ei n sai dnab¥ ashiekReagrsi g &40 comloidal silica or colloidal alumina. 1
8. The polishing nmedium for chem cal -nmechani cal 2 polishing according to
any one of cl ai n$i2 teoR suihetsiak Swidihda dmmsatargnaitrs &g & ifinkée riedn
amount of fromO0.1% 4 by weight to 5% by weight. 1 9. The polishing nmedi um
for chem calthrecheni cal &2 polckmaws ac€ornditgnho any one of clains 1 to 8,
which 3 further conprises a water-soluble polyner. 1 10. The polishing

nedi um for chem gali-ieshanisal r2 RO ith RYsAAGH 6th NG b RidlerE MK FWIAEH N
sai dwat er-sol ubl e 3 polymer is at |east one selected fromthe group

consi sting 4Qf, POLYAG W | £, 3¢ @gpgkchnﬁﬁjc acid salt, 5
pol ymethacrylic acid, a polymet acryllc aci'd salt,
Silicon substrate with a copper film formed thereon
in a thickness of 1 um.
Polishing pad:
Foamed polyurethane resin with closed cells.
15 Polishing pressure: 250 gf/cm?.

Relative speed of substrate member to polishing platen:

18 m/minute.

(3) Polished-product evaluation items:
20 On the polished products having been processed by
CMP, evaluation was made on the following items.
Rate of polishing by CMP:
Determinedbycalculationfromelectricalresistance

value in respect of the difference in layer thickness
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. 6 polyamic acid, a polyamc acid salt, polyacrylam de, 7 polyvinyl alcohol
and pol yvinyl pyrrolidone. 1 11. The polishing medium for
chem cal - mechani cal 2 polishing according to claim9 or 10, wherein said 3
. oxidizing agent is in a concentration of fromO0.0lo by 4 weight to 1.50 by
wei ght. 38 HC1578 1 12. The polishing nmedi um for chenical-necrﬁgﬂii% 2
pol i shing according to any one of clains 1 to 11, wherein 3 said s an
organi ¢ aci e fbrls. afhe ot éshichg nedi vmibey wherseala Bgharircal 2
pol i shing according to claim 12, wherein said acid is 3 at |east one
sel ected fremupl,0pni ¢,acid, malic acid, 4 tartaric acid, glycolic acid and
citric acid. 1 14.  The polishing nmediumfor chem cal - nmechani cal 2 polishing
according to any : i t \whetei ind. . ;
P%Q%ﬁﬁlﬁggwcjal %§t1‘é4‘}1 "f?oﬁn%l%@t(}ldc?%orne]%lstanc

protective-filmiormng agent-is at Teast one el’ecte ehzot i azol e
and a derivati,ve thereof. 1 %S.qu§8$oIL Qigg nmedi um f or 1

chem cal -negﬁz}ﬁi%ajrnzr&ﬁﬁ%% na ac d?f@ & %lrl)‘lgj:eoﬁ'él of °RP&" s aYT 6 14,
wherein 3 said oxidizing agent for a_condyctor is at Jeas%eone 4 sel ected

from hydt ogéh 15didXPae P& ¥ £c 2R P bBrasditet 8108 ildiatBe MApbtAldFdus
acid and ozone water. 1 16. The polishing nediumfor chem cal - mechani cal 2
pol i shi ng aBestidimgfes ffyepheadrmeahapirab Rr9livieieyn BadEinig cBREwct or
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copper alloy of nore than 1; a polishing-rate rati i 02) between
(a8, 300,000 SO BooR DS LRI AP B BeROLER RS
o A 10 S 5u0E) LR LR SR B A e e
inthe groovebyknownheat treatment wasusedas a substrate
15 member, and was subjected to two- step polishing. Then,
fromthesurfaceprofileofeapatternareaihmmichstripes
of 100 um in width for the part of wiring metal and 100
pm in width for the part of insulating film were arranged
alternately, the level of film loss at the part of wiring
20 metal with respect to the part of insulating film was
determined by means of a stylus surface profilometer.
As the first-stage polishing medium for copper, a

polishing medium for copper and copper alloys, having

a sufficiently large polishing-rate ratio of the copper
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91 10% & t!1109 1109 Z10% & LM 109 &

F10907& (§)f ! 10@% E%@Etﬁon %gﬁ%%b};&&, 0O-,, (T)low&' 0)-, *9 10968 () - (
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S S e v
élO‘V@:&%) %%1@)@9%? \e= /Jeﬂ.l(ﬁ’)ﬂ’& U:Le[ 1(1)g Me\gel and the thinning

level are shown in Table 3.

Table 2
CMP polishing rate (nm/minute) Copper
Example Tantalum silicon etching rate
Copper Tantalum nitride dioxide (nm/minute)
1 4.0 5.0 0 0.5
2 36.2 54.7 0.8 0.8
3 24.9 44.9 1.3 3.2
4 34.9 24.9 1.2 0.3
5 33.0 61.5 1.3 0.7
6 20.0 25.0 1.3 0.6
7 1.1 5.5 1.7 0.4
8 10.5 17.3 1.2 6.7
9 2.0 3.0 0.7 0.1
10 11.4 36.2 54.7 0.8
11 3.2 28.8 43.2 0.8
12 13.0 22.0 43.4 6.7
13 23.4 30.4 57.7 9.5
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and the pH is 3 or less, the polishing rates of tantalum
and tantalum nitride are so high and the dishing level
and thinning level are so small as to be especially

10 preferable. Also, in Examples 10 and 11, the polishing
rate of tantalum nitride film is high and the polishing
rate of silicon dioxide film is relatively low, and hence
good dishing- and thinning-preventive performance 1is
achieved.

15 In particular, in Examples 4 and 6, in which the
water-soluble polymer is used and the oxidizing agent
is in a concentration ranging from 0.01 to 1.5% by weight,
the dishing and the thinning occur in a smaller level,
showing better results, than Example 7, in which the

20 oxidizing agent is added in a larger quantity (1.8% by
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10%&' ()-Fs!10%& ()-vy, #109%&' ()-10%&' ()- ! 109%& () - DED} ELEdEM @
yl - 109& ) - Pe:Liiighghg)rate 4ongs(Fo wesuodgep)tipe ke dym er1paRt@ L WEEEE"
FUFXFYFZFdE: / 10 10s@ 109%&' ()- @ 7Y10%& ()- @5 109%& ()-, 93 10%& () -
1s! 109&' () - hA10v%&l¢) and R FERGXGAN ¢ 1Oy 199e8r()in a large level.
110% & ()-fF 110% & ()- 10% & ()-Fs10% & ()-& 10% & () - 10XGCEGEH HaHHAE: /
10 Example 2, in which the oxidizing agent is in a
110% & ()-#10% & ()--10% & ()-, '10% & ()-s!10% & ()-!110% & ()-HH > pl11dE
2 concentration of 3% by weight or less and the pH is 3
or less, is also preferable because the etching rate
10 of copper is lower than that in Example 8, in which the
oxidizing agent is in a concentration of more than 3%
by weight, and also the polishing rate of tantalum or
tantalum nitride is higher and the level of dishing and
thinning is smaller than those in Example 9, in which
15 the pH is more than 3.

In Examples 10 and 11, the polishing rate of the
barrier layer film (in particular, the tantalum film)
is higher and the polishing rate of the silicon dioxide
film is lower than those in Example 12, in which the

20 abrasive grains have a large particle diameter. Thus,
these Examples are superior in view of the dishing- and
thinning-preventive performance. Also, in Examples 10

and 11, the polishing rate of the barrier layer film

(in particular, the tantalum film) is at the same rank
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compound or the like used as the barrier layer can

efficiently be polished, and also the dishing, thinning
10 and polish scratches can be kept from occurring in copper

or copper alloy wirings to form highly reliable buried

metal film patterns.
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3 an oxidizing agent for a conductor; a

4 protective-film-forming agent for protecting a metal
5 surface; an acid; and water, wherein

6 sald polishing medium has a pH of 3 or less, and
7 said oxidizing agent is in a concentration of from

8 0.01% by weight to 3% by weight.

1 2. The polishing medium for chemical-mechanical
2 polishing according to claim 1, which further comprises

3 abrasive grains.

1 3. The polishing medium for chemical-mechanical
2 polishing according to claim 2, wherein:

3 sald abrasive grains have a average particle diameter
4 of 50 nm or less, and

5 sald abrasive grains have standard deviation of

6 particle size distribution in a value of more than 5

7 nm.
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gl | IdE: /5 10t &@ b %ﬁ&é”@n‘%ﬂ}l‘%% éﬂ/n(ésxﬁ@ﬁjé)f/ﬂéﬂa(%eh L1038 Qs Buctor:

10% & ()>fL: 1 1096

()< hendnGRrIRoC G110t - 100 & L4, Fpi #slo"%’/‘s‘g‘ﬁé%;@e FCENH
1018, oL 0 ST E ??"aﬁd‘idﬁﬁ%g@' “dansie: 0:

10% & () - 8ppppp&q] qqu~ @10t $$10% & () -, " 110% & () -
L1 10% &%) - @ ! 16%'§ (30 FREGIE fqyal@fo%@‘fe) aaqra@ﬁrae@epa@iepéel
10% & ()-.$10% & ()-@10% & ()-@ !'10% & () - @s'lO%&'() @ ! 10% & ()-rsKss

sssssxmbt 10t agna'oer &o() -5 Aonm1Etr 10eH, and
10% & ()-Y7'110% & ()-SS5°110% & ()-y93z 10% & ()-ssstGttdEmbC 10tg
10% & ()8 f#10% &'s@)i-d abrasive grains have standard deviation of

9 particle size distribution in a value of more than 5

10 nm.

1 5. The polishing medium for chemical-mechanical
2 polishing according to claim 4, wherein:

3 said polishing medium for chemical-mechanical

4 polishing has a pH of 3 or less, and

5 said oxidizing agent for a conductor is in a

6 concentration of from 0.01% by weight to 3% by weight.

1 6. The polishing medium for chemical-mechanical
2 polishing according to any one of claims 2 to 5, wherein:
3 said abrasive grains are at least one selected from

4 silica, alumina, ceria, titania, zirconia and germania.

1 7. The polishing medium for chemical-mechanical
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» 110% & ()-y:'10% & ()- "yl0% & ()-Fs10% & ()-tt$uQuuuudEnbC 10t, L
10% & ()-3s!10% & ()-$10% & ()- @0% & ()-s! 10% & ()-!10% & () - u* vWvvv7wdEm
- bC 10t @s! 10% & ()-,( 10% & ()- @L! 10% & ()-$@10% & ()-,| "t 10% & () - @
- 9110% & () - 7wgwwmwv xBxwkdEnbC 10t SY7 10% & () - S@s! 10% & () - @L! 10% & () -
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10t y&10% & ()-"!10% & ()-F10% & ()-& 10% & ()- 10t 10t 10t,:
10% & ()2 yLyyyrsSRoERCaldiording to claim 6, wherein said abrasive
10% & ()-10% & ()-"110% & ()-s! 10% & () - @10% & () -

z10% & (3 - 3gazzizd M LeEb G J D1 $SHAM & () 1 o' olp%écl(l)ol,o%l'é(i%ﬁr(% Lz
10% & ()-,37110% & ()-$10% & ()-{{{(1b[]]d

10t,1' 110% & ()-.$10% & ()-,,t! 10% & ()- ,*t'lO%&'() ,

10% & ()- @Y10% & ()-|}:}q}t}u}viw~} xnbC 10t, &MLO% & ()- 10t 10t 10t,:

10% & ()]& (7I 109%4.& ()Tl'ie@gég%{ﬁs‘% (Rg f%%loo & %2)1’~}c}l'}elrr?y€5~l‘ mng)&lanical

10t Z10% ) - S#10% &
10% & 1 1Q% M 10% s!10% & () - ~~4j . dEnbC
10t Lt'()%)% 8‘0 %%}‘fb%cgcﬁgﬁg AE@ ej'ly Y laims 2 to 7, wherein
, ! 10% &'é)- ! 10% & ()-1vPdEMC 10t,
10% & ()3 @ SeichsaP F§sige E@ﬁﬂ&ﬂ%)a?pemwgct)m'arw%@pw ofi fooe )L P
GJdEnbC
10t @7! 19% &Y )We 5gbds &4 )593p0vane 19h8210% & ()-.9110% & ()-,, 110% & ()-G
JKLMIobC 10tf10% & ()-L:10% & ()-3
1 9. The polishing medium for chemical-mechanical

2 polishing according to any one of claims 1 to 8, which

3 further comprises a water-soluble polymer.

1 10. The polishing medium for chemical-mechanical
2 polishingaccordingtoclaim9, whereinsaidwater-soluble
3 polymer is at least one selected from the group consisting
4 of polyacrylic acid, a polyacrylic acid salt,

5 polymethacrylic acid, a polymethacrylic acid salt,

6 polyamic acid, a polyamic acid salt, polyacrylamide,

7 polyvinyl alcohol and polyvinylpyrrolidone.

1 11. The polishing medium for chemical-mechanical
2 polishing according to claim 9 or 10, wherein said
3 oxidizing agent is in a concentration of from 0.01% by

4 weight to 1.5% by weight.
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6 a polishing-rate ratio (TaN/Cu) between tantalum
7 nitride and copper or a copper alloy of more than 1;
8 a polishing-rate ratio (Ta/Si0O;) between tantalum
9 and silicon dioxide of more than 10; and

10 a polishing-rate ratio (TaN/Si0O;) between tantalum

11 nitride and silicon dioxide film of more than 10.

1 21. A method of polishing a substrate member

2 comprising a step of polishing a barrier layer containing
3 tantalum, a tantalum alloy or a tantalum compound, by
4. the use of the polishing medium for chemical-mechanical

5 polishing according to any one of claims 1 to 19.

1 22. A method of polishing a substrate member

2 comprising a step of polishing a surface including a
3 wiringlayerandabarrier layer, bytheuseof thepolishing
4 medium for chemical-mechanical polishing according to

5 any one of claims 1 to 19.
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