16 F E B 2004 SPECI FI CATI ON POLI SHI NG MEDI UM FOR CHEM CAL- MECHANI CAL

POLI SHENG AND METHOD OF PCLI SHI NG SUBSTRATE MEMBER TECHNI CAL FI ELD Thi s
invention relates to a polishing nmediumfor chenical - mechani cal pol SiEiBreglé
especially suited for polishing in the step of formng wrings of

sem conductor devices, and a nethod of polishing a substrate nenber by
the use of the sane. BACKGROUND ART In recent years, as sem conductor

integrated circuits (hereinaft . " de high-integration and

hi gh- perf or mance, neM/technique§§?%¢§$F%gﬁ§&yggssing have been devel oped.
Chem cal - nechani cal polishing (hereinafter "CVW") is also one of them
which is a technique often used in LSI fabrication steps, in particular,
in making interlamnar insulating filnms flat in the step of form ng
multilayer BROLEIAYING MEDIBFMNG ORre€ REMIC AT} -tigBCHAMN IGRAE oPBHILAG HINGed

wirings. This technique is disclosed in, e.g., US PatentNo. 4, 944, 836.
1 16 FEB 2004 Recently, in order to nake LSIs high-perfornmance,

METHOD OF POLISHING SUBSTRATE MEMBER

TECHNICAL FIELD
This invention relates to a polishing medium for
chemical-mechanical peclishing, especially suited for
polishing in the step of forming wirings of semiconductor
devices, and a method of polishing a substrate member

by the use of the same.

BACKGROUND ART

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

techniqueisdisclosedin, e.qg., U.S5. PatentNo. 4,944,836.




It is also attenpted to utilize copper or copper alloys as wring
materials. It, however, is difficult for the copper or copper aIonf %% %ﬁ
finely processed by dry etching often used in form ng conventi onal 6 FEB 2004
alumnumalloy wrings. Accordingly, what is called the damascene nethod
Is chiefly enployed, in which a copper or copper alloy thin filmis
deposited on an insulating filmwith grooves forned previously and is

buried therein, and  the copper, or copper, all af .the t he
grooves is remd¥ESH SCNPlflol‘%frcﬁirerﬁ bY? i ﬁ&k\ﬁ r[ls"%% Bl%’% ﬁéiﬂgﬁléﬁge i's

di sclosed in, e.g., Japanese Patent Apglication Lai d- open No. %f278822. In
a common ikt hedaflgro taet eWPteld et altsl 5LgR 6SPPEIRT EPRPESpPer A Foys, a
polishing pad is fastened onto a circular polishing platen, and the

surface ofs whe ipoyiwdtegipdd i s Boakedweivtr ,a ipoldishf hgudddifum tlwhere a
substrate with a netal filmfornmed thereon is pressed against the pad on

the fornmep,s st ab fidlgpd dea138G 2 156 abed ARRSSYr prios e dedyt laret o on
t he back ?%ereof,rinogﬁﬁést%te gf whi ch the poI?s ing platen I's turned,

to renove the nmetal_filmat . thecpart. j L Lk y igaly f&iction
acting be?&i—f T%HE Hof P i 59 lr?eEB%Im“l a‘%got e&kH §% a?ﬁ@“ﬁr@%ﬁ%%i?% 2 16

FEB 2
004 wirings. Accordingly, what is called the damascene

method is chiefly employed, in which a copper or copper
alloy thin film is deposited on an insulating film with
grooves formed previously and is buried therein, and
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
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 1is
pressed against the pad on the former's metal film side
and a stated pressure is applied thereto on the back
therecf, in the state of which the polishing platen is
turned, to remove the metal film at the part of its hills
bymechanical frictionactingbetweenthepolishingmedium

and the hills of the metal film.



The polishing nmediumused in such CWP is conmmonly conprised of an
oxi di zi ng agent and abrasive grains, to which a netal-oxide-dissolvin
agent and a protective-filmform ng agent are optionally added. Tﬂ&fﬁﬁémﬂ
mechani sm of CVMP meki ng use of this polishing nmediumfor CWP is considered
to be that the netal film surface is oxidized with the oxidizing agent and
the resultant oxide layer is scraped with the abrasive grains. The oxide
| ayer at the dales of the.netal surface dpes not.c into contact wth

FLOB Foat of *sERH Ro !

the polishing pi§¢ &P hiEhiNghd* Pt 8f G of tri 60K % Yo the

abrasive grains does not extend thereto. Hence, with progress  of the CWP,
the netal chirpnbeedmes ramposddatzing agend am@d RRE aHUHse r 4t é 14\i £ ace
becone flat. Details on this matter are disclosed in Journal of

El ectrocher cali Saciaetns ta Vobx it38,d Nesolt i(rpubi gshéd akBP13, pages
3460-3464. I n order to nake higher the rate of polishing by CWMP, it is

consi der ed &ffect i ye 110 Bdrbhai rﬂftﬂt}eﬁ%i der«i spelivinia pgeatiddd. can be
explained'that this is because the effect of scraping attributable to the

abr ast ve gl 5, COMERCNANEY SHNSE Sclbahas sofq TELE! o € OXhde enapeds Akl by

the abrasi've grains are made drssolv reinafter I n"t he

pol i shing el um FOWRNES 5 {NgoA2d1dd 20a 0k ot B &L - PRbIGU SPokY RO 3
surface is oxidized with the oxidizing agent and the
resultant oxide layer is scrapedwith the abrasive grains.
The oxide layer at the dales of the metal surface does
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
matter aredisclosed in JournalofElectrochemical Society,
Vol. 138, No. 11 {published 198%1), 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
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



16 FEB 2004 agent nakes the oxide |ayer becone etched (dissolve) also at
the dales of the netal filmsurface, and the netal film surface beco E
uncovered, so that the nmetal filmsurface is further oxidized by tHéfF B 2004
oxi dizing agent. Wth repetition of this, the etching may proceed at the
dal es of the netal filmsurface. This may cause a phenonmenon that the
surface of the netal wiring having been buried after the polishing becones

hol I ow al . LA« M dgke Lhet ek sHicke, 2y JboB el rthe " A 2BLBA ve)

resulting’i anage o he e attening. In order to prevent this

phenomenon, the  protective-filmformn gent.is further added . to the
nEtaI-poI?%ﬁquﬁnagﬁﬂé%ﬁeﬁm@f THee B?gﬁiﬂﬁkﬁﬂfFPﬁﬁ%ﬁ%1ngg g&ﬂeforns a
protective film on the oxide layer at the netal filmsurface to prevent

t he oxi demedysek i bm dusSEIGh e FATNEFe UBEIG ST A nE@i &Mmah tthe I%)%Ef“llabl e
for this protective filmto be readily capable of being scraped off by the
abrasi ve gridimsanflacal $e fiotrthe t owerdi hedriayetbe pulidshhiimg Bg@ve. In
order to keep the copper or copper alloy from causing the dishing or from

corroding fyrior £Pe tAdli SR B, tHis f obRehicallyi gl malll & iStewid iangs, a
polishing medium for CWP is proposed in which amno acetic acid (glycine)

or anidoswgéuéglg%i%és%ﬁ@ege%%fr¥alm surface. This may cause a

phenomenon that the surface of the metal wiring having
been buried after the polishing becomes hollow at the
middle thereof like a dish (hereinafter "dishing"},
resulting in a damage of the effect of flattening.

In order to prevent this phenomenon, the
protective-film-forming agent is further added to the
metal-pelishing medium for CMP. The
protective-film-forming agent forms a protective film
on the oxide layer at the metal film surface to prevent
the oxide layer from dissoclving in the polishing medium.

It is desirable for tﬁis 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.

In order to keep the copper or copper alloy from
causing thedishingor fromcorrodingduring thepolishing,
to form highly reliable LSI wirings, a polishing medium
for CMP is proposed in which amino acetic acid (glycine)

or amidosulfuric acid is used as the



4 16 FEB 2004 net al - oxi de-di ssol ving agent and benzotriazole (hereinafter

"BTA")

Is further used as the protective-filmformng agent. This
technique is disclosed in, e.g., Japanese Patent Application Laid-bbehtd 2004

No. 8-83780. In the buried-netal formation as in the formati on of

damascene wi rings of copper or copper aIon or the

Wi rings of tungsten a phenonenon called "thinning" in whi ch the thickness

of wiring beco S ther with an interlan i nsulating film may
éH%ﬁ”l iefllmfommd

occur

mé'}?%’f'm

formati on of plug

rY§d}%t?ﬂ§nf||arﬁ }PFBér‘i’ Jo§<17-8

except the burled part is pollshed at arate close to the rate of
pol i shing tiher ednalf tf¢ ¥ ni' BAS "thhel s r éyulthes tusagd egusdian increase in

Wi ri ng resi stance

density. Henseecther pofi shi-fg meith 4¢matem tCVP 1isi ¢ eqeichadi qhe Have a
property that the polishing rate of the silicon dioxide filmis

suf ficientdys sMBkleef i hhad, §hats fhahBge ﬁEE@hthbﬁltlQ:a@l@ﬁ'ﬂasf@dopen

Accordingly, a nethod i's proposed in which the pH of the polishing nedium
h%gner t han, pka of -0.5 so that the polishing rate of silicon

is set

di oxi de can be controll ed by negative ions produced as a result of
di ssoci ation of_acjd. Iﬁis.tgchni '
In the burie

—met?fafgrmation as in the formation
of damascene wirings of copper or copper alloy or the
formationof plugwirings of tungsten, a phenomenoncalled
"thinning" in which the thickness of wiring becomes small
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
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 is
proposed in which the pH of the polishing medium is set
higher than pKa of -0.5 so that the polishing rate of
silicondioxidecanbecontrolledbynegative ionsproduced
as a result of dissociation of acid. This technique is

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

or a non-uniformty in resistance ascribable to pattern



di sclosed in, e.g., Japanese Patent No. 2819196. 5 1 6 F E B 2004
Meanwhi | e, at the underlying | ayer of the copper or copper alloy 05 g&g
wiring, a layer of tantalum tantalum alloy, tantalumnitride or o ﬁ 1004
tantal um conpound is formed as a barrier layer in order to prevent the
copper fromdiffusing into the interlamnar insulating film Accordingly,
the barrier layer nust be renoved by CWMP, except the wiring part where the

copper or copp@xreaafhbmlehaswe@nebwrﬂd@hK@n@vqrayéheocomduct@@pper
constituting such a barrier layer has a higher hardness than the copper

or copper gl | 0¥y, and, heeee i), JRlY 1GASCS Ao sW{ EGgl ufold Al Agupate can

not be achiteV8 en it is used in atron'w e polishing nmedi um
for the copper or cqpper allqy.. Accordingl tudi_es._are nmade on a
two-step Pdii%hing?a 4#%@h3&%ﬁj%ﬁf?FsPéh%% g?”%&ﬁ%ﬂnﬁamPPﬁg opper or
copper alloy and a second step of poljshing the barrier |ayer conductor.
In the sedeiredeps VPP BEriRE Bar¥serit Hefert 8 PERYFMy Hte thRPREFI ng
part of buried copper or copper alloy nmust be prevented, it has been
consi der ed meawed $ é-feff argi va tico Nekelinlie poinshang imett Lathage &l 18pal | pH
value in order to control the polishing rate and etching rate of the
copper or @@peFdahlgQyy, the barrier layer must be removed by CMP,

except the wiring part where the copper or copper alloy

has been buried. However, the conductor constituting

such a barrier layer has a higher hardness than the copper

or copper alloy, and hence in many cases any sufficient

polishing rate can not be achieved when it is used in

combination with the polishing medium for the copper

or copper alloy. Accordingly, studies are made on a

two-step polishingmethod havinga first stepof polishing

the copper or copper alloy and a second step of polishing

the barrier layer conductor.

In the second-step CMP of the barrier layer, the
dishing at the wiring part of buried copper or copper
alloy must be prevented, it has been considered
reverse-effective to make the polishing medium have a
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 lavyer



The tantalum tantalumalloy and tantal um conpound (such as tantal um
nitride) used in the barrier layer 6 16 FE B 2004 are chem cally sc1§¥ﬁghﬁ4
that they can be etched with difficulty, and has so high a hardnes's

they can not so readily mechanically be polished as the copper or copper
al l oy. Hence, nmaking the abrasive grains have a higher hardness may cause
polish scratches in the copper or copper alloy to bring about poor

el ectrical characteristics in sone cases., AlLso, nakin br asi,ve-.gr.ain
concent r aBifén B §ReCanayy bF P ng tAPOLR Shaﬁi@ﬂﬁypﬁﬁpsﬁ%mf ﬁﬁgdow#%%
silicon dioxide filmto cause the problemthat the thinning occurs.

DI SCLOSURR iGFE L ENVENT ONhAS 6tyj det gbf at He g8 8 At tihﬂ/léanSH iR o
provide a polishing nmediumfor CVP which can keep the dishing, thinning
and pol i skhcscrabchesdirom aeean ingal bycbepero 1l bshedppes @hPoyoWAe higs, can
materialize high-rate polishing of barrier layers in a | ow abrasive-grain

concent r aty,0n Fide £aM PHYM S MU IR OB NG thehdy raeliablora busiledveet al
filmpatterns, "and a subStrate nmenber polishing nmethod naki ng use of the

same. The presel, hve JRYE XL ERY VPs Rl £ chi LLACEn el gEbECVE
this obj ec'E'P?ll e[%éarred;%%,g t yahaverb'Sd
or copper alloy to bring about poor electrical
characteristics in some cases. Also, making
abrasive-grain concentration higher may bring about a

higher polishing rate of the silicon dioxide film to

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,
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 and canpromise formationofhighlyreliable
buried metal film patterns, and a substrate member
polishing method making use of the same.

The present inventors made extensive studies inorder
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



di scovered that the polishing of the tantalum tantalum alloy and tantal um
conpound, which are conductors used 7 1 6 F E B 2004 as the barrierfiﬂﬁfmﬁ,
proceeds with ease when the polishing nmediumhas a | ow pH and alsa 4
oxidizing agent is in a |low concentration. Thus, they have acconplished
t he present invention. The present invention provides a first polishing
medi um for chem cal - nechani cal polishing, conprising an oxidizing agent
for these conductors, a protective-filmfarmn agent far protecting a

3 Ph he 35

metal surf&ce D @anPagird e andeHE e PIRESHET < Fium havi ng a pH of 3
or less, and the oxidizing agent being in a concentration of from0.01 to
3% by wei giotl.isihisaf metiwdl haisi iy hedi o rdld f @t BRert Dotk AfH Zdt Gsi ve
grains. There have been the problens that meking the abrasive grains have
a hi gher hayednessswhien 4 heobakwirarehiyet idrs. pdllished timey caage pol i sh
scratches in the copper alloy to bring about poor electrical

char act er i;$td Gi$p 1 1 3ME dTekh B plrftas @b aghvera BHA. conaenturaid @nthi gher may
bri ng about a higher polishing rate of the silicon dioxide filmto cause

the probl emfhat, Hhe i pEag MRYr OLCHT o INEsIPE A§CRled RNEQRS have

di scovere r?%at %he ﬂéﬁlsﬁlng of tﬁe tgnta um tantalumalloy, tantal um
chemical-mechanical polishing, 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
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
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.

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.



nitride and ot her tantalum conpounds which are used as the barrier |ayers
proceeds with ease in a low pH range and in an oxidi zi ng agent

| ow- concentration range. 8 16 FEB 2004 Moreover, it has been found k%§EBZW4
when such a polishing nmediumfor CWP is used, the oxidizing agent is in a
sufficiently | ow concentration range, and hence the dishing of wrings
does not cone into question, which may occur with an increase in the

etehing rahe 86 de  COPREL B GORRG! Q{0 andnihl el diR, GRITIPELY nepe

into question’ina |'ow pH rang he present 1nventors have al so

di scovered that, jin the polishing of the tantal.u tantalumal |l oy or
t ant al um cBRPOWT {fé%dc?ﬁ) tie ‘b%l?aifertheaﬁl &ikd o‘?‘?engn}§ ot | érge

particle dianeter of abrasive grains may bring about a decrease in

pol i shi ng $aféisfiemelbatoiverconayat raddi an Fatdeasea il penchi blgerate of
the silicon dioxide, and also that, even when the abrasive grains have a
smal | partdikaidiganef ewiramyd odoesalrotstaodar d nidevgaeisan cof, pahticdl e si ze
distribution may bring about an increase in polishing rate of the silicon

di oxi de. Thig RRENOFERORH Sid erREkakle Whenthbe dwant ahymy dtant @t uemeal | oy
or tantal um conmpound is polished wth a polishing nedium having a | ow pH

and al so coppald NG ths, B8 IL3INNY, and which may commonly come into

guestion in a low-pH range.

The present inventors have also discovered that,
in the polishing of the tantalum, tantalum alloy or
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
have a small particle diameter, any too small standard
deviation of particle size distribution may bring about
an increase in polishing rate of the silicon dioxide.

This phenomenon is remarkablewhen the tantalum, tantalum
alloy or tantalum compound is polished with a polishing
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



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

| ow-concentration range, the dishing of wirings does 9 1 6 F E B 2008 FER7004
conme into question, which may occur with an increase in the etching rate
of the copper or copper alloy and which may commonly cone into question in
a | ow pH range, and also any erosion may |ess occur because of a | ow
abrasive-grain concentration. Accordingly, in the present invention, a

second peki Yumeg ivech ugueByiph ef enabhymhe carprd siigh aanoXirdixziasg agent
for conductors, a protective-filmformng agent for __protecting a netal
surface, the &sicoingndate 0f the PRPPSHi A§ CRBAFLNRESRYaRRIChY B dId%
grains, and the abrasive grains I B n r age i cle . di e f 50
nm or | essomfl;l‘"ﬁa‘(iystca':’r[i"c?ar]clrl evﬂg?%g&\éf an%t i%?/"g @?25 %é%t r fagt?t i%ﬁ ncrl%)?val ue
of nore thaRinnMalhe 1Belsi sBicegrmededansé tHe paestol | aveasioe-Yawena pH
of 3 or less and contain the oxidizing agent in a concentration of from
0.01 to IWPENk&agHen.The pol i shing nedium having a | ow pH and cont ai ni ng
t he oxidizing agent in a |low concentration can keep the dishing, thinning
and polish scratches fromoccurring in copper or copper alloy wrings,

Accordingly, in the present invention, a second
polishing medium may preferably be comprising an oxidizing
agent for conductors, a protective-film-forming agent for
protecting a metal surface, an acid, and water; the 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

0of more than 5 nm.

The polishing medium of the present invention have a pH
of 3 or 1less 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 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



and can materialize high-rate polishing of barrier layers in a |ow

abrasi ve-grain concentration. The polishing nmediumfor CWP of the piE%EEB%4

i nvention may further contain a water-soluble polyner. In such 10

2004 a case, the oxidizing agent may preferably be in a concentration of

fromO0.01 to 1.5% by weight. The water-soluble polyner may preferably be

at |least one selected fromthe group consisting of polyacrylic acid or a

salt thereof, poly thac l.i.c .acid or salt t hereqf | yamic acid or a
Hor 4y 5ol 3%

salt ther&ofc2pBIy&drS 1% ﬂé“&ﬂ M%&’} mé“ﬁc%%?fgﬁ& nyPpy¥ r ol i done.

The acid may preferably be an organic_acid, and nore preferably be at
| east one Csal@eR b aftrioh nefoAirem a&i A1 ke i L. %%lhy Wi ghte ath8, giycolic
acid and citric acid. The oxidizing agent for conductors may preferably
be at | eastatone-sellediksl podmredriogenpperfod ale] ynibter it heed,t potassi um
peri odate, hypochl orous acid and ozone water. The protective-filmformng

agent may gyefetabl ¥rdie ahel gastupons el eetied foorpdenaetnilazol &c{BTA) and
a derivative thereof (hereinafter "BTAs"). The abrasive grains nay

preferably,,bg af1e@RE (@R, polymethacrylic acid or a salt thereof,

polyamicacidorasalt thereof, polyacrylamide, polyvinyl
alcohol and polyvinylpyrrolidone.

The acid may preferably be an organic acid, and may
more preferably be at least one selected from malonic
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 czZone
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
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



selected fromsilica, alumna, ceria, titania, zirconia, gernmania and
silicon carbide. Colloidal silica or colloidal alum na having an aveéﬁgﬁ
particle diameter of 50 nmor less is preferable for the present 1 2004
i nvention. The abrasive grains may particularly preferably have 11 16 FEB
2004 an average particle dianeter of 30 nmor |ess, and a standard

devi ation of particle size distribution of 10 nmor nore. The abrasive

i ferably be | ti 0. ; I ght,,
Tore o e a5 shomat {5 BRI ER L SRR dR I

nor e rght,” "and particularly preferably
fromO. 2 to 3% by weight. The colloidal_ silica nmay preferably be

pr oduct oﬂﬂﬁﬂ%@réydﬁy%ﬁﬂ&%?soéfP%%Qﬁq}%oﬁléﬁk&ﬁ%kiggygﬁﬂﬂuﬁPob?ained
using sodium silicate as a materials nmay al so be used. The polishing
nedi um f onrC\ ofiotrlee prldsenabiagems ohra iy preef e BBEE IRy gPe 1n
polishing-rate ratio (Ta/Cu or TaN Cu) between tantal um or tantal um
nitride anpd copEeht rdticdysbye faforcoppes ald oy bl mmreghbanmbreand a
polishing-rate ratio (Ta/SiQ2 or TaN Si Q2) between tantalumor tantalum

nitride ﬂﬁ}éfékg?qyﬁfggﬂeotmrﬁoog%ngygﬁéﬁﬁhﬂp.aﬂﬁaﬁﬂﬂﬂﬁﬁuyaﬁipc!usive
of sem conductors uited for the polishing making use of the polishing
medi um preferably from 0.2 to 3% by weight. The colloidal silica
may preferably be a product obtained by hydrolysis of
a silicon alkoxide. A product obtained using sodium
silicate as a materials may also be used.
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/Si0, or TaN/5i0;) between
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,
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
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for CMP of the present invention may include copper, copper alloys and
copper oxides, and tantalum tantalum alloys and tantal um conpounds (sucH
as tantalumnitride) which constitute barrier |ayers for the f or red 6 FEB 2004
(layers for preventing copper atonms fromdiffusing) . Accordingly, the
present invention provides a polishing nethod of 12 16 FEB 2004 polishing a
barrier layer containing tantalum a tantalum alloy or a tantal um conpound

(such ‘as tantalumnitride), y the use, of the EOl%%Qhﬁﬁ negiu fPr CWP of
the preseRPlLiSREATi DR THNGE Al pF KAHEL LR PS8R t Hod 28F-2 poli shi ng
a surface including a wring layer (copper, a copper alloy and/or an oxide
thereof) addc lvar @ érntialen thwpeford (EUalyers ftiarn pe buBnRiikg ¥pber at ons
from diffusing) , by the use of the polishing nmediumfor CVMP of the
present i Byekhicon.s BRIFER NRESER! FTh OhlgGre B DRAW NEF Bifgthk psregent
illustration showi ng the steps of polishing a substrate nenber in Exanpl es.

BEST VODES. 08, PRARTI QNS Tl MUENTL GMlsThe ol | shing g wawob  he pr esent

invention'is suited en a substrate nmenber conprising a substrate which
has on its surface a silicon dioxj i £ingdnd oo (o3 parrier
ayer andPE T T8 1T LhhEArH g ¢ TohY % 7L Ping 18 A WIER o 0
a copper alloy and/or an oxide thereof) and a barrier
layer therefor (a layer for preventing copper atoms from

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

of the present invention.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an illustration showing the steps of

polishing a substrate member in Examples.

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
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
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copper or copper alloy have been forned to fill the dale therewith is used
as a polishing object. Such a substrate nenber is obtained by, e . B ﬁi
shown in Fig. 1, formng on the surface of a silicon wafer [Fig. ﬂ[?gé }
silicon 13 16 FEB 2004 dioxide film11l [Fig. 1 (b)], form ng on the surface
thereof a resist layer 12 having a stated pattern [Fig. 1 (c)], formng a
dale 13 in the silicon dioxide film 11 by dry etching and then renoving

the resisy;bayele 221k fi0. (2i§d) 1l (,b)dFEO%_tﬂnﬂgu@ bar tirr setakcsuch as
tant al um 5y vacuum deposition, CVD or the |like to forma barrier |ayer 14

[Fig. 1 ( é%, an? deposi tin ti%/ h_as RRASI 4 Aha £ Pe rSUrfRce, t her eof
by vacuung 55%? i%h?e%féFigﬁi%%f ﬂ?%ggggosige a MAﬁ?ng IayeJ 12?[Fig. 1
(f)]. This substrate nmenber i ubj ect ed CVP. by the ,.use, of .pal i shi ng
medi um fot d&ppler ARATCOSHER é?ﬁ&ysw V\Hcﬁi%ﬁa§3a{)iﬁ?fli 8lech’f+§el grlglem
polishing-rate ratio between the wiring |ayer (coEper and/ or _copper all oy)
and the badrict duyeptcddngagnehd e rFeRoVAE hear eFHREnlPY% he part
provided with the silicon dioxide 11) of the substrate nenber cones
uncover ed1po[ Fhg .surntiade, dephissi tt ireg desa r ed econdtietlos uphtaeitantsa bbitai ned
in which the wiring layer (copper or copper alloy film 15 has been |eft
in the dahg [f@iurk d8pbsition, CVD or the like to form a barrier

layer 14 [Fig. 1 (e)}, and depositing a metal such as

copperonthesurfacethereofbyvacuumdeposition,plating

or CVD to provide a wiring layer 15 [Fig. 1 (f)].

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

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)].

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



This substrate nenber is further polished wwth a polishing mediumfor CWP
whi ch can polish away both the barrier layer 14 and the wiring |ayer, ﬁgﬁ
so that as shown in Fig. 1 (h) a sem conductor substrate nenber iiﬁ 2004
obtained in which the silicon dioxide 11 stands 14 16 FEB 2004 uncovered to
the surface. The first polishing nmediumfor CMP of the present invention
I's the polishing nmedium conprising an oxidizing agent for conductors, a
protective-fiIn}forning1§gent faor. protecting a netal surface, an acid, and

wat er, and™CRIE HB8n t8o eguf'%tré‘cd_’ct at it has a pH of 3 or less and

contains the oxidizing agent in a concentratjon fro .01t % by
wei ght. It nayThﬁwﬁkﬁsEpPPé&ﬂh%ﬂgoﬂﬁgHPmwé?ér8&&lﬂ)etggl ﬁg%éh%
abrasive grains. If the polishing nediumfor CMP has a high pH of. nore
than 3, aihowrpoloshisdhape IisghiegutedbBn GRNPAASA UNED PR LMt Al | oy
and/ or tantal um conpound. The pH may be adjusted by controlling the anount
of the achderx beoraddatiuttomay a sprbéead]iuse efliby -ddui mgnan a9 i
conponent such as amoni a, sodi um hydroxide or tetranethyl anmoni um

hydride. the poldsbiRd date it 4 hestartadldimant aind adymaald et end/ and
tant al um conpound reaches a maxi num when t he
has been so regulated that it has a pH of 3 or less and
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.

If the polishing medium for CMP has a high pH of
morethanB,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
component such as ammeonia, 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
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.
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oxi di zing agent for conductors is in a concentration of about 0.15% by

wei ght. The oxi di zi ng agent enables formation of a nmechanically readilg
polishable primary oxide |ayer on the surface of the conductor fi1 rhbolfER 208
tantalum tantalumalloy or tantal um conmpound, ensuring a high polishing
rate. 15 1 6 F E B 2004 In general, when the polishing nmediumhas a pH of

| ess than 3, the etching rate of the copper or copper alloy filmis so

high as to nake it difficult for e rotective-filmform ng agent .to
control the et?ﬂ?d@?nﬁﬁ er"IFR %E@ 6&% en lPHV@H?%%HT bﬁé %&i 1zPfhg agent
is in so sufficiently a | ow concentration that the protective--
filmfornlrsagéhrncah nhke ettt hgdcsateolof | Fheneabo et zPkg CRjEneLis in a
hi gh concentration of nore than 3% by weight, not only the etching rate of

t he copperalorogofidm al $ oyontyi die 89 hioghasise t Ott @id f ioutauge it hehdi shi ng,
but al so a secondary oxide | ayer which can be polished with greater

di 1 cul t {$180CkNS o-PE | TRCYE X Aeg | BY8h T, beoherpd oRet e i gee of

the conductor filmo tantal um tantalumalloy or tantalum nitride or
oxi di zi ng. SR TRET it ebiend P oA TP el KR BROEE St BREC ¢ e
oxi de is in so sufficiently a low concentration that the
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
the copper or copper alloy may be so high as to tend
to cause the dishing, but also a secondary oxide lavyer
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
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
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
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| ayer can not sufficiently be forned, resulting in a |low polishing rate to
even cause peeling of the tantalum filmin some cases. The polish
medi um for CVMP of the present invention may further contain abrasiggf{ﬂzm4
grains. To achieve a high dispersion stability and make any poli shing
scratches |ess occur, the abrasive grains may preferably have an 16 16 F E
8 2004 average particle dianeter of 100 nmor less, and particularly

preferably 50 nmor_less. . A second, palishi medi um for CVP _of . the present
i nventi on al‘éefﬁgepcﬂa}rsﬁ? fd Sné 'WE%%ﬁQiﬂgoaﬁmoﬁrdi%ﬁﬁ' &g6ht for
conductors, a protective-filmformng agent for protecting a netal
surface, dmBEigulad ViaPéefamb lgoPi0sRithge Fedi€®f f urt her cont ai ni ng
abrasive grains, and the abrasive grains having an average particle

di aneter of 5@ nseopnldesso Ahdhd ngt ameldi dndddmt TR off gdre i preseditze
distribution, of nore than 5 nm This second polishing nedium too, may
pref er abl yi hees@ irgpulsat Bd pbhatkhiitn hae da yiid fmBr 08 i hgSsnai eQntiaiqs the
oxidizing agent for conductors in a concentration of fromO0.01 to 3% by

wei ght. If S , -sol ubl : : be_ . e
grains hav?ﬁgﬁgn%ﬁﬁir%§833%$%?%?é Qd?ﬁﬁg%%?ggyeggﬁﬁﬁfo?g?ggguﬁﬁ%aﬁgéing a

standar d qggkaﬁkg%ecting a metal surface, an acid, and water; the

polishing medium further containing abrasive grains,
and the abrasivegrainshavinganaverageparticlediameter
of 50 nm or less and a standard deviation of particle
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. 1If necessary, a water-soluble polymer
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
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
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of particle size distribution of nore than 10 nmare particularly
preferred in the present invention. If they have a |arge average particle
di aneter of nore than 50 nm a low polishing rate may result on thd b FEB 2004
barrier layer, and a high polishing rate on the silicon dioxide film

Al so, even when they have an average particle dianmeter of 50 nmor less, a
hi gh polishing rate tends to result on the silicon dioxide filmif their

standard deviation 17 1 6 F, j%PQ$]ofi%aghhpbg 3%@@ distribution is 5nm

E B
or |ess Thef maxhiry HFehtdysH Y%t 5or 'second pol i shing nedi um f or

CWP of the present invention may preferably be used in a concentration of
from0.01 to 1.5%ebyxweiighing wramt hien watee f-iga uls e spolgm@ P9 k1 shhbgi ned.
The wat er-sol ubl e pol ymer cones adsorbed to the surface of the tantalum

tantal um ap Loy ¥ 18Rt BMEMGOTRNIr B enk S e bay @iy itk henab Lihe

oxi di zi ng agent whi contributes to the high polishing rate can be in a

| trati ) . Al t | | .
advor bed cBpelran o r 6 cRBCaatbial PRt FRn O 8 TR TR PR RO O2

m such as
tantalumnitride filmor titaniumnitride film and hengﬁ i t,.0 S consi dered
that the pbleshihg Watte bt sehubdia HAYREApdInF IR FALET S ant al um

nitride filmor titaniumnitride film can
water-soluble polymer comes adsorbed to the surface of

the tantalum, tantalum alloy or tantalum compound oOr
its oxide layer, and hence the oxidizing agent which
contributes to the high polishing rate can be in a low
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
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.

The oxidizing agent for conductors in the present
invention may include hydrogen peroxide {H;02), nitric
acid, potassium periodate, hypochlorous acid and ozone
water. Of these, hydrogen peroxide is particularly

preferred. Where the substrate member is a silicon
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be low. Meanwhile, the water-soluble polynmer has the effect of formng a
metal surface protective filmto inprove flat-surface retentivity adgefrsiins
the dishing and thinning. The oxidizing agent for conductors in the

present invention may include hydrogen peroxide (H202), nitric acid,

pot assi um peri odate, hypochlorous acid and ozone water. O these, hydrogen
peroxide is particularly preferred. Wiere the substrate nenber is a

silicon 18,48 o Br2fid Supstiahs fPnBeyichdl udd pojdedgest bar int egral ed

circuits,SP undesirta or it to be contamnated wth alkali netals,

al kaline earth netals, halides and .so forth.. Hence, an i dizj ent not
containin@laﬁVLlﬁ%vaFaﬂﬁiél%aﬁﬁéﬁéﬂ%l?sgﬁfefé}r%%.bgbfégﬁggh%gggﬁgg ozone
wat er may undergo a great conpositional change with tine, the hydrggen

per oxi de” wé tiostl lsal L ede tlidwen et | kadiddre e hbtBuBST % nefbed St Y
polished is a glass substrate nenber not including any sem conductor

devi ces, sanfexitth zi rieagent acowixaidi ngng egevd] atdt eceodhpamaitd Fay be
used wi t hout any problem The acid used in the present invention may
preferabl ynh-ke foEMe aeiwboOheat Grgapi 6 faairkd suche as, acdtrice athd,

propionic acid, valeric acid, 2-nethylbutyric acid,
ozone water may undergo a great compositional change
withtime,thehydrogenperoxideismostsuited. However,
where the substrate member to be polished is a glass
substrate member not including any semiconductor devices,
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,
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,
salicylicacidjglycericacid,oxalicacid,malonicacid,
succinic acid, glutaric acid, adipic acid, pimelic acid,
maleic acid, phthalic acid, malic acid, tartaric acid
or citric acid). Alsoc 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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n- hexanoi ¢ acid, 3,3-dinethylbutyric acid, 2-ethylbutyric acid,

4- net hyl pent anoi ¢ acid, n-heptanoic acid, 2-methyl hexanoic acid, 16FEB 2004
n-oct anoi ¢ acid, 2-ethyl hexanoic acid, benzoic acid, glycolic acid,
salicylic acid, glyceric acid, oxalic acid, malonic acid, succinic acid,
glutaric acid, adipic acid, pinelic acid, maleic acid, phthalic acid,
malic acid, tartaric acid or citric acid) . Also usable are salts such as

ammoni um ?&Hr? Oh i NESS Sh bkl o Agf: cH'lUrll(‘d@C'éa%d AN, Ac 2 AIAPNI UM

salts as exenpli y annnnlun1persu fate, 19 FEB 2004 ammoni um
nitrate and annDnlun1chIo omc acjd or u se.

t hese, in%fi B\&’Bt?uﬁﬁsaa\];a géee tg)aftc%ea%?r cal' &P pglrpl é i Iré]g%rg{téggn be
achieved, malonic acid, malic acid, tartaric acid, L éﬁ%c acid and

citric adqrcataperamfex@aﬂéémpmmweeﬁ%emwﬁoe nf3 PR he

present invention is selected from benzotriazole (BTA) and BTA

derivativesia, gngliolattdiazareanitt ekiids glommpbuadcid ami ¢h bhec

hydrogen atom of the benzene ring has been substituted with a mnethyl

group; benrzotdiazel @ rd£arbeyylic acid, which is a conpound in which the

same has been substituted with a carboxyl group; and nethyl, ethyl,

propyl, butyl angd octyk eStEfs-ENCHEG drming agent in the present
invention is selected from benzotriazole (BTA) and BTA
defivatives (e.g., tolyltriazole, which is a compound
in which one hydrogen atom of the benzene ring has been
sﬁbstituted 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
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 exemplifiedbypolyvacrylicacid, ammoniumpolyacrylate,
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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napht hotri azol e, and naphthotri azol e derivatives, or mxtures containing
any of these. The water-soluble polyner used in the present inventijofhfER3004
i ncl ude polynmers having as a basic building block a nononer having a

car boxyl group, or salts thereof, as exenplified by polyacrylic acid,
ammoni unpol yacryl ate, sodi um pol yacryl ate, polynethacrylic acid, anmonium
pol ynet hacryl ate, sodi um pol ynet hacryl ate and pol yacryl am de; and pol yners

having as,2.R33.C il g | Padekngn RO pRAKDNG had e DEQUR @
ol yvi ny

exenmplifie by pol yvi ny cohol pyrrolidone. Wiere, 20 1 6
FEB 2004 however, the substrate nenber a§ipl
substratesﬂgaﬁﬁéF8H“§@ﬁ?50£85b§8”59&%%@5?§&pmlfgﬁfatéd is§%§3e5|rable
for it to be contam nated with alkali nmetals, alkalln ré? ais,

hal i des ah$ $6 fugrdes irpedce foitiids ? %%ﬂpﬁﬁaﬂbld}%%e yhd aﬁ% .
preferred. Wiere the substrate nenber is a glass substrate menber, the
sane doesmedta necesd&raill inapphy .t HThee hadist i dre bideanygnst sheferth.

wat er - sol ubl e pol ynmers enabl es i nprovenent of dishing-preventive

per f or mange it acgeurls ofr t ARmogtiaih Ngatant e pébéctarad tprbiteatdedt o t he
protective-filmform ng agent. The present invention also provides a
pol i shing Where the substrate member is 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
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
(inclusive of copper alloys) of more than 1, and a
polishing-rate ratiobetween tantalumor tantalumnitride
and silicon dioxide (Ta/Si0, or TaN/SiO;) of more than
10.

As described above, where in the present invention
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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medi um for CVMP, having a polishing-rate ratio (Ta/Cu or TaN Cu) between
tantal umor tantalumnitride and copper (inclusive of copper all oyﬁ) PEB 2004
nore than 1, and a polishing-rate ratio between tantalum or tantal nq
nitride and silicon dioxide (Ta/Si02 or TaN Si Q2) of nore than 10. As
descri bed above, where in the present invention the polishing nmediumfor
CWP has a |ow pH of less than 3 and a | ow oxi di zi ng-agent concentrati on
(the oxidizing agent is in a concentratjon of @Bout 0.15% %s“ﬁie%@)’ t he
e or

pol i shi ng rateiet 1beetractd graa¢hm HaMBIFoy BPEIE T & At ri

ot her tantal um conpound used as the 21 1 6 FEB 2004 barrier |ayer. can reach
a maxi mum¢phgre,i ks PR Shhags ratmm 8, thhecepPeimP ¥ at@PHE It te 1pper or
copper alloy cones higher, but, because of the sufficiently |ow

concentration of ,t. | di.zi.Ng \a9€hti s eCHT bEnh&€0ontiEdlilceicen by yt Rew
prot ecti ve=$1'Fin Pque#égé'aiﬁégt’. %so, “Where the abrasive grains of

of 50 nm oFOPESE T £48B. O TukPEn CPOMBr A Fhe POl enr o6 Pai e et T don o
di oxi de, the polishing-rate ratio (Ta/Cu or TaN Cu)_ hetwee taptalym or
t ant al urmi byi d& eark coppEd vE T} h@r&é’r&l%pﬁ‘)‘é‘?nﬁl'l o{]\g)so’ca"ﬂ“%e mahe nor e
than 1 and also the polishing-rate ratio .
abrasive grains of colloidal silica or colloidal alumina
having an average particle diameter of 50 nm or less is used,
which lowers the polishing rate of silicon dioxide, the
polishing-rate ratio {Ta/Cu or TaN/Cu) between tantalum
or tantalumnitride andcopper {inclusive of copperalloys)
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
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
an average particlediameterof 50nmor less arepreferred,
as having a good dispersibility in the polishing medium
and being less causative of polishmars {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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(Ta/ Si 2 or TaN Si Q2) between tantalumor tantalumitride and silicon

di oxi de can be nmade nore than 10. The abrasive grains usable in the
polishing medium for CVMP may be any of inorganic abrasive grains s&@ﬁfaé@m
silica, alumna, ceria, titania, zirconia, germania and silicon carbide,
and organi c abrasive grains such as polystyrene, polyacrylic or polyvinyl
chloride particles. Colloidal silica or colloidal alumna having an

average PAIIE! &rdl AR £ 9 SO LRSS A 81 SLRIE 08 NVIga g00d

di sper si bi'li e polTshing “medium’ an 'ess® causative pol i sh
mars (scratches ich may he caused, hy  CVP. their average particle

di aneter,%at%%ér\r,]\gé‘iyﬁgr éagraaé% d@@gﬁabﬂig&weet Aket BF B LG ARG L25C] 6 FEB
2004 less are preferred by which the polishing rate of the barrier layer
can be mad®d hs ghéccandipeigsl ifshimgcpat e gladel lesexli oghde thidsecan be
made | ower, and those of 20 nmor |less are particularly preferred. As the

col | oi dal csfi |2@anma cpr odeiss abteai predt by ullydr by ypire fafr radsi | heonhad koxi de
or by ion exchange of sodiumsilicate my be used, for exanple. As the

col | oi dal - und PAa1a s Pr OEHGE 2088 2b AgE tby B4l REMSILSy of yakBmhynung npErat e
may be used, for exanple. The abrasive grains in the first or second
polishing, gijicon 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.

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%
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.

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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medi um for CVP may preferably be added in an ampbunt ranging from 0.01% by
wei ght to 10% by weight, and nore preferably from 0.05% by wei ght tpg$5¥8 0604
wei ght, based on the total weight. If it is added in an anmount of |ess

than 0.01% by weight, there may be no significant difference from the
polishing rate of a case not containing any abrasive grains. If it is nore
than 10% by weight, its addition in a larger quantity than that nay no

| onger brEB95@Qﬂyttaggéﬁhg?rgzggg@% of the rate of polishing by CW. The

pol i shi ng™medi um f or e present invention is especially suited for

th |'i shi f duct i ncl usi f I duct ,
copper a1l oys Thd Aobe odo LAG oAVt I RFOL B)ere 1 0o RESEE S ‘gl

tantal um tantalumalloys and tantal um conpounds 2 6 F uch as
t ant al um Ahveidel oFhBaacike | Bikge pidl i 3Ri AG O U‘Pr%O%r E@@ﬁ@ﬁt to

invention may be mxed in an anount of from0.0001 to O0.05 nol, and nore
pref erabl 9 .forom®1 POknico Mo H2 polefebalsérd foren he. POtalt aned gt 103 g of the
oxi di zing agent for conductors, acid, protective-filmform ng agent,
wat er - sol ghlse 0l yet hand owat erwe 1 §hit 109 i xed titre arx i dinadmtg gfgemte t han
0.05 nol, the etching of the copper or copper alloy tends to proceed too
much. for conductors, acid, protective~film-forming agent,

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.

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,

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.

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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The protective-filmformng agent in the polishing nediumof the present

I nvention may be mxed in an anount of from 0.0001 to 0.01 nol, and ge
preferably from 0.0005 to 0.005 nol, baseed on the total WEIght 106&})&ﬂm“
t he oxi di zi ng agent for conductors, aC|d protective-filmform ng agent,

wat er - sol ubl e polynmer and water. If it is m xed in an anount of |ess than
0. 0001 nmol, the etching of the copper or copper alloy tends to proceed

too nuch. tohnd‘j *;81"5@ aapc:?ﬁp E&o@eé@{@euﬁ}ﬁm-ofgﬁmﬂlg’ ddene can be no

change in ect resent I nvention e wdter- soluble polyner

may al so be added, he ter sol ubl e, pal be _m x anount
of from ONGF1L¥ 658, 51% ‘% g gﬁefr Wyl?rghxﬁcg . 2% by
wei ght, baseed on the total melght 100 g of t he oxi di zi ng_agent for 24 16
FEO 200¢MmeDcpén§e%@|Hha@wﬁfﬁ@i%ebﬁHWﬁ¥%ﬁﬁvn§ éﬁg feChat er-sol ubl e
pol ymer and water. If it is mxed in an anount of |ess than 0. 001% by

wei ght, thateffbatabdid ributiahl exd® ihscowsdimatonbi ndttilontivet h t he
protective-filmform ng agent tends not to be brought out in etching

Contro!-!ﬂréﬁe&%i”&i¥ﬁPﬁDEB&Mﬁn?ﬁégen&h%kﬁhs a%tby: mebghbroudiow rate
of polishing by CVMP tends to resu
out in etching contrel. If it is in an amount of more
than 0.5% by weight, a low rate of polishing by CMP tends
to result.

The method of polishing the substrate by the use
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, bringingit into contactwithasurfacetobepolished,
the surface to be polished and the polishing pad are
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
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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The net hod of polishing the substrate by the use of the polishing nmedi um
for CVMP of the present invention is a polishing nethod in which the
polishing nmediumfor CMP is fed to a polishing pad on a polishing {16kER2004
and, bringing it into contact with a surface to be polished, the surface
to be polished and the polishing pad are relatively noved to polish the
surface. As an apparatus for such polishing, a comonly avail abl e

Pol I shi g, ARRATALURLIRY Dapuegd N LML N3508 110108y Eohdhdidng. art

seni conduffof Substrate re having the surface to be polished and a
polishing platen_to i ch_the pol.ishj pad has heen f.astened_(fytted
with, e gis PTOE6F etond &i%ﬁéggng ﬁ%#%nﬁs%&ﬁfgélg?.%%}%%e
polishing pad, conmonly avail abl e nonwoven fabric, foamed pol yurethane,
porous fl gortiateipasiorf &R0 sePRopth Lifess $e bhed v\?iki%o%‘t‘béﬁﬁ-aﬁaert‘%lj‘%ﬁfsar
limtations. There are 25 1 6 FEB 2004 no particular limtations on

pol i shi ngneandi tsbnsut tthies egrnefrer abTeet e emdtenrduh& ogol 3 whé Agaplsaten at a
low rotation of 200 rpmor |less so that the substrate does not rush out

t her ef r omy cHise seRiaGandyct Be Subst sake t omerdeso hawivegd t hehsuitfidae to be
polished (the filmto e polished) may preferably be pressed against the

pol i shingpad, at ; AU ESSHEG YrdFOMBIG t IBrdskRa ({4Mhst the
polishing pad at a pressure of from 9.8 to 98.1 kPa (from
100 to 1,000 gf/cm?), and more preferably from 9.8 to
49.0 kPa (from 100 to 500 gf/cm?) in order to satisfy
the wafer in-plane uniformity of polishing rate and the
flatness of patterns. In 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 guantity. It is preferable for the
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
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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100 to 1,000 gf/cnR), and nore preferably from9.8 to 49.0 kPa (from 100
to 500 gf/cnR) in order to satisfy the wafer in-plane uniformty ?%FEBZNM
polishing rate and the flatness of patterns. In the course of the
polishing, the polishing mediumfor CVMP is continuously fed to the
polishing pad. There are no particular limtations on this feed quantity.
It is preferable for the polishing-pad surface to be always covered with
the polishing nedium The sem conductor substrate menber on which the
pol i shi ng has been conpleted nay preferably be washed thoroughly in
runni ng water and thereafter be set on a spin dryer to blow off any drops
of water adhering onto the sem conductor substrate nmenber, followed by
dryi ng. BEXAVREAShyTheepgeeEeampilagention i s specifically described bel ow by
gi ving Exanpl es. The present invention is by no neans 26 16FEB2004 |imted
by these Exanples. (1) Preparation of polishing medi um for chem cal -

mechani cal poI hi wn L t uleg of ¥ wei ght
of an acid, ?as?%éFbraﬁﬁggkbugﬂn§) é m%xgkglef%r 1%&5%;C%y wei ght
in Exanphe&m%ﬁh@al gl iGonpay at i ve Exanples 1 and 2;

As shown in Table 1, toc a mixture of 0.47Zby weight of an
acid, abrasive grains (but not added in Example 1; 1 part by
weight in Examples 2 to 7 and Comparative Examples 1 and 2;
and 17 by weight in Examples 8 to 11), 0.05 part by weight of
a water-soluble polymer (but only in Examples 4, 6 and 7) and
0.27 by weight of a protective-film-forming agent (BTA), water
{98.85 parts by weight in Examples 1 to 7 and Comparative
Examples 1 and 2, and 97.97 by weight in examples 8 to 11) was
added to effect dissolution, followed by addition of hydrogen
peroxide water (a guaranteed reagent, an aqueous 307 solution)
as an oxidizing agent for conductors to obtain polishing
mediums for CMP. Here, as the abrasive grains, -collocidal
silica with an average particle diameter of 20 to 60 nm was
added which was prepared by hydrolysis in an anmonia solution

of tetraethoxysilane. Also, the malic acid and glycolic acid

used each had a pKa of 3.2.
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and 17.. by weight in Exanples 8 to 11), 0.05 part by weight of a

wat er - sol ubl e polyner (but only in Exanples 4, 6 and 7) and 0.2% by wei ght

of a protective-filmformng agent (BTA), water (98.85 parts by mkEQEBZMH

Exanples 1 to 7 and Conparative Exanples 1 and 2, and 97.94 by weight in

exanples 8 to 11) was added to effect dissolution, foll owed by addition of

hydr ogen peroxi de water (a guaranteed reagent, an aqueous 30% sol ution)

as an oxidi zi ng agent for conduct0f§g§% gbtain polishing nediuns for CWP.
al

Here, as the abrasive grains, collol silica wwth an average particle

di aneter pf 20 tP 60 nmwap added whi ch was hy hydrolysis ijn an
annoni a splution| of tetrapthoxysilane Alsoégfﬁﬁgégﬁyggacid and gl ycolic
acid used each had a pKa pf 3.2. 27 16 F E B 2004 Table 1 Abrasive grains
(colloida] silicp) id d pe . ; 1T
hydrogenperoxide (COHOIda;S“;C‘az Water—-soluble
Example Acid concentration | pH | A, tandar
" |deviation of polymer
(wt.%) Particle
) particle size
diameter| .= . |
distribution
(nm)
(nm)
1 glycolic acid 0.15 2.58| — — none
2 malic acid 0.15 2.50 20 10 none
3 malic acid 1.5 2.49 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
pelyacrylate
8 malic acid 3.3 2.45 20 10 none
9 malic acid 0.15 3.251 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 2.52 60 13 none
13 malic acid 0.15 2.51 30 5 none
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rogenper ox \Water-sol ubl e y Exanpl eAci dconcentrati onpHAv. St andar dpol yner (wt

deviation of % .Particle particle size dianeter distribution (nm ﬁ%q)
1gl ycolic aci d0.152.58--none 2nmalic aci d0.152. 502010none 3malic EB 2004

aci dl.52.492010none 4malic aci d0. 152. 802010amoni um pol yacryl ate 5gl ycolic

aci d0. 152. 582010none ammoni um 6gl ycol i ¢ aci d0. 152. 952010 pol yacryl ate
ammoni um 7mal i ¢ aci d1. 82. 762010 pol yacryl ate

{2) Polishing:

Using the polishing mediums for CMP thus obtained,
CMP was carriedout. Polishingconditionsareas follows:
Substrate member:

Silicon substratewithatantalumfilm formed thereon
in a thickness of 200 nm.

Silicon substrate with a tantalumnitride film formed
thereon in a thickness of 100 nm.

Silicon substrate with a silicon dioxide film formed
thereon in a thickness of 1 um.

.Silicon substrate with a copper film formed thereon
in a thiekness ¢of 1 um.
Polishing pad:

Foamed polyurethane resin with closed cells.
Polishing pressure : 25kPa (250 gf /cm?) .
Relative speed of substrate member to polishing platen:

18 m/minute.

{3) Polished-product evaluation items:

On the polished products having been processed by
CMP, evaluation was made on the following items.
Rate of polishing by CMP:

Determinedbycalculation fromelectrical resistance

value in respect of the difference in layer thickness
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8mal i ¢ aci d3. 32. 452010none 9mal i ¢ aci dO. 153. 252010none 10malic

aci d0. 152. 502510none 1l1lmalic aci dO. 152.504014none 12nalic

aci d0. 152. 526013none 13nalic aci d0.152.51305none 28 16 FEB 2004 (2)
Pol i shing: Using the polishing nediunms for CWP thus obtained, CW hggEBZMK
carried out. Polishing conditions are as follows: Substrate nenber:
Silicon substrate with a tantalumfilmforned thereon in a thickness of

200 nm_ SLican. SURS! LAt W LR oA 420k AhUm BT S6ehi kp fagped  thereon in a

t hi ckness ~of "I0T I con substrate wwth a silicon“dioxide filmformed
thereon in a thickness of 1 m Silicon substrate with a copper filmforned
thereon PEHAIMPckAESS of 1 m Polishing pad: Foaned pol yurethane resin

with closed cells. Polishing pressure 25kPa (250 gf/cnR). Relative speed
of substrate mdederrmonpd b gisialrplaténn f%[an‘ﬂfr?ﬁgFé.Ca resistance

value in respect of the difference in copper layer
thickness before and after immersion in the polishing
medium for chemical-mechanical polishing, having been
stirred at 25°C and 100 rpm.

Dishing level:

A silicon substrate having thereon a silicon dioxide
film in which grooves of 0.5 pm in depth were formed,
atantalumnitride film formed thereon by known sputtering
in a thickness of 50 nm as the barrier layer and a copper
film similarly formed thereon by sputtering and buried
inthe grooveby knownheat treatment wasusedas a substrate
member, and was subjected to two- step polishing. Then,
from the surface profile of a patternarea inwhich stripes
of 100 pum in width for the part of wiring metal and 100

pum in width for the part of insulating film were arranged

alternately, the level of film loss at the part of wiring
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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(3) Polished-product evaluation itens: On the polished products having been
processed by CMP, evaluation was nade on the followng itens. Rate éFEBINM
polishing by CMP: Determ ned by calculation fromelectrical resistan

value in respect of the difference in |layer thickness 29 1 6 FEB 2004
before and after the filmwas polished by CVW. Etching rate: Determ ned by
calculation fromelectrical resistance value in respect of the difference

i n copper {ayefe +hCKNGR$ 8L 05 € %T%sﬁfste%{]tb@ﬁ@iégﬁ;ﬂ 'Ph?eki?og%irﬁg{adégand

medi um for chen cal - mechani'cal~ pol i shing, having stirre
100 rpm Dishing l.evel .. A silicon substrate having thereon a silicon
di oxi de fi?ﬁ#?%\ﬁ%%hfbfﬁ 7§§?ﬁeopgi&ﬁ %Pﬂepﬁh%ﬁﬁiiFGFﬁe&em%FFantaIum
nitride filmfornmed thereon by known sputtering in a thickness of 50 nm as
the barri eF2PRYE YWhel 80cBpE@ar 44| bhaitnithar |32 slok hed Lt kdrebgugmi t eri ng
and buried in the groove by known heat treatnent was used as a substrate
menber, antnwabesslijagot eth ¢ obéwoi est émypot i shongd. uTlmerye r é doonttlee t$ie f ace
profile of a pattern area in which stripes of 100 min width for the part
of wiring petalofnésil0ating filmcame to50nm, andwas thensubjected
to the second-stage polishing using the above polishing
medium for chemical-mechanical polishing, until the
barrier layer came lost at the part of insulating film.
Thinning level:

The surfaceprofile of apatternarea inwhichstripes

of 2.5 mm in total width, consisting of 45 um in width
for the part of wiring metal and 5 yum in width for the
part of insulating film which were arrangéd alternately,
formed in the substrate member used to evaluate the above
dishing level, was measured with the stylus surface
profilometer to determine the level of film loss at the
part of insulating film in the vicinity of the middle
of the pattern with respect to the part of the insulating
film field around the stripe pattern. After the
first-stage polishing, a substrate member sample was
so prepared that the thinning level measured in the state
the barrier layer stood uncovered onto the part of
insulating film came to 20 nm, and was then subjected

to the second-stage polishing using the above polishing
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min width for the part of
|l evel of filmloss at the part of wiring netal
insulating filmwas determ ned by neans of a stylus surface profiloggtfﬁ

As the first-stage polishing nediumfor copper, a polishing medi un 004

insulating filmwere arranged alternately, the
wWth respect to the part of

copper and copper alloys, having a sufficiently large polishing-rate ratio
of the copper 30 1 6 F EB 2004 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 level neasured in the state the
barrier |ayglust ogsh !J%%warc%d—ﬂx@baahmealpagsdlioéhﬂﬂqs,uI ahitAg fEhén GaFriteor 50
nm and was then subjected to the second-stage polishing using the above
pol i shi nglawedi gameologheatchhenpertnptalnpolasiihEilmti|l the barrier

| ayer came lost at the part of insulating film Thinning |level: The
surface profile of a pattern area in which stripes of 2.5 mmin total

W dth, consistiiag okv4PuBthiBnWedtR1téor the part of wiring metal and 5 pm
in width for the part of insulating filmwhich were arranged alternately,
formed in the Fhesinadee aferpekisiag thy VP udbeeall Fxer@lediishisfipWreven,

was measuned Wit t e stylys sYTIRES; RLL! QTR ofnd OcASHRIAL I | £¥E

shown in Table 3.

Table 2
CMP polishing rate (nm/minute) Copper
Example| Copper | Tantalum] Tantalum|Silicon |EBtching rate
Nitride |dioxide | {Pm/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
Comparative| j 10.5 17.3 1.2
sranples 3 2.0 3.0 0.7 0.1
8 11.4 36.2 54.7 0.8
9 3.2 28.8 43.2 0.8
10 13.0 22.0 43.4 6.7
11 23.4 30.4 57.7 9.5
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part of insulating filmin the vicinity of the mddle of the pattern with
respect to the part of the insulating filmfield around the stripe

pattern. After the first-stage polishing, a substrate menber sanpl el b&EB 2004
so prepared that the thinning | evel neasured in the state the barrier

| ayer stood uncovered onto the part of . _i s%]ating filmcanme to 20 nm and
was then subjected to the second-staggaéihi:shing usi ng the above poli shing
31 16 FEB 2684—+wetipmier—echemecal-npchanical—polishing until the barrijer
| ayer camg |ost at fthe part of insulating fFr#Plg4) Evaluation results: The
rate of pelishing by CMP 1 h ea¢h Exangl e Ifs sHeawspdraciviedbl € B, AlSO, Jth
di shing | gvel and the theénpi Ag|l evels dr& jsho Bxampabl d 3 |Tabpl ¢ 20 VR,
polishingirate (nmm nute)| Copper Exanpl eCoppgr Tant akumrant fl um|Si | iicon
Etching ratepNjLgi de dijoxi ge (nm nj nutle) 14. 0. 000.15 23G. 254} 70. §0-
324. 944, 91.1331312 (%,,3)4. 9P4.551;20. 345 | 55 ] 45 | 65 | 100 | 55 40 | 40 | 60 | s5

Thinning
level (nm) 20 | 30 35 [ 30} 35 | 30 70 55 70 20 20 60 | 100

In Example 1 to 11, good dishing- and
thinning-preventive performance has been achieved. 1In
particular, in Examples 1 to 6, in which the oxidizing
agent is in a concentration of from 0.01 to 3% by weight
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
preferable. Also, in Examples 8 and 9 , 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,

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

oxidizing agent is added in a larger quantity (1.8% by
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533. 061. 51. 30. 7 620. 025.01. 30. 6 71.15.51.70.4 Conparativell0.517.31.26.7
Exanpl es22. 03. 00. 70. 1 811. 436. 254. 70. 8 93. 228.843. 20. 8 1013.022.043.6§FEBZW‘
1123.430.457.79.5 32 1 6 FEB 2004 Table 3 Exanpl e Conparative
1234567Exanpl ea91011 12 Rising | evel (nm 405570455545651005540406055
Thi nning |l evel (nm2@@QEB5303530765702QR060100 I n Exanple 1 to 11 , good
di shing- and thinni ng-preventive performnce has been achieved. In
particular, in Exanples 1 to 6, in which the oxidizing agent is in a
concentrat i BR1GD T ombeDe/ t ¥h3% Bewriadifr ~ apdubRe PIAlivnsr oks|esed,t he
polishing rates of tantalum

it is preferable for the water-soluble polymer to be

added in a concentration of from 0.01 to 1.5% by weight,
If it is added in an amount larger than that, a low

polishing rate tends to result on the tantalumor tantalum
nitride and the thinning may occur in a large level.

Example 2, in which the oxidizing agent is in a
concentration of 3% by weight or less and the pH is 3
or less, is also preferable because the etching rate
of copper is lower than that in Comparative Example 1, 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 Comparative Example 2, in which
the pH is more than 3.

In Examples 8 to 9 , the polishing rate of the
barrier layer film (in particular, the tantalum £ilm)

is higher and the polishing rate of the silicon dioxide

Film is lower than those in Example 10, in which the
abrasive grains have a large particle diameter. Thus,
these Examples are superior in view of the dishing- and
thinning-preventive performance. Also, in EX#@mples 8

to 2 , the polishing rate ¢0f the barrier layer film

{in particular, the tantalum film) is at the same rank
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and tantalumnitride are so high and the dishing I evel and thinning |evel
are so snmall as to be especially preferable. Also, in Exanples 8 and 9 ,
the polishing rate of tantalumnitride filmis high and the poIishiﬁJEBﬂm‘
rate of silicon dioxide filmis relatively |low, and hence good di shing-
and t hi nni ng-preventive performance is achieved. In particular, in
Exanples 4 and 6, in which the water-soluble polyner is used and the
oxi di zing agent._ is .in a concentratiop ranging from0.01 to 1. .5%Db

wei ght, ¢ hBS i B tnd T dP® hd SEHiTHI ToC BcBar TE o ShArPEr SIS LRl ng
better results, than Exanple 7, in which the oxidizing agent is added in a
| arger quantPtyCY§restny)  38hase Hr Bxampke wel ght) Whigh Lhgykandard

wat er - sol ubl e polynmer is used, it is preferable for the water-soluble

pol ymer to Heviaddieshni ofapeanceoleasiiare odi §comb®tOilon 01 &. 5%adyl ewei ght . | f
it is added in an anmount |arger than that, a low polishing rate tends to
result on the tantalumor tantalum nitride and the thinning may occur in a
| arge | evel. Exanple 2, in which the oxidizing agent is in a concentration
of 3% by weight or le i | I erabl e
because the etching rzif%@%?nggpﬁ_i (':’g g\%gSitFﬁg%Ltﬁgtpﬁimfrrggr ative

Bxample 1, in which {0e @ ibed above, according to the present

invention, the tantalum, tantalum alloy or tantalum
compound or the like used as the barrier layer can
efficiently be polished, and also the dishing, thinning
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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oxi dizing agent is in a concentration of nore than 3% by weight, and al so
the polishing rate of tantalumor tantalumnitride is higher and the | evel
of dishing and thinning is smaller than those Conparative Exanple Db FER 2004
which the pHis nore than 3. In Exanples 8 to 9 , the polishing rate of
the barrier layer film(in particular, the tantalumfilm is higher and
the polishing rate of the silicon dioxide Filmis |lower than those in
Exanpl e 10, in which the abrasjve grain a_large particle dianeter.
Bl pis

Thus, these Exanples are supeﬂqﬂTi¥§v di shing- and

t hi nni ng- preventive performance. Also, in Exanples 8 to 9, the polishing
rate of the barrier layer film (in particular, the tantalumfilm is at
the sane rank 34 16 FEB 2004 as, but the polishing rate of the silicon
dioxide film isilower than, those in Exanple 11, in which the standard
deviation of particle size distributionis smaller. POSSIBILITY OF

| NDUSTRI AL APPLICATHQN h £ gd6s@ 1 hRedh AR i 88 CoRdidlgah Octieppleseriing,
invention, the tantalum tantalumalloy or tantalum conpound or the |ike

used as thecb Hgf¥i£ yer can efficiently be polished, and al so the
di shi ng, thlﬁn?hg and "pol i sh scratches can be kept fromoccurring in

copper :
PP an oxidizing agent for a conductor; a

protective-film-forming agent for protecting a metal
surface; an acid; and water,
not comprising abrasive gains, wherein:
said polishing medium has a pH of 3 or less, and
said oxidizing agent is in a concentration of from

0.01% by weight to 3% by weight.

2.

The polishing medium for chemical-mechanical
polishing, comprising:

an oxidizing agent for a conductor; a
protective-film-forming agent for protecting a metal
surface; an acid; water; and abrasive grains;

said abrasive grains are colloidal silica or
colloidal alumina,

said abrasive grains have a pH of 3 or less; and
said an oxidizing agent is in a concentration of from

0.01% by weight to 3% by weight.
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or copper alloy wirings to formhighly reliable buried netal film
patterns. 35 16FEB2004 WHAT IS CLAIMED IS 1. A polishing ”Edi“”‘foiﬁFEazmk
chem cal - mechani cal polishing, conprising: an oxidizing agent for
conductor; a protective-filmform ng agent for protecting a netal

surface; an acid; and water, not conprising abrasive gains, wherein: said
pol i shing nediumhas a pH of 3 or less, and said oxidizing agent is in a

concentration of .,from 0. Q}%QPXi@g% % at am3%y gﬁégh%aflmeghgngqhy§hlng

medi um f or chenlgal mechdni ca Ing, conprising: an oxidizing agent

for a conductqr; a protectiye- flln}fo m ng age t_for protecting a netal
surface; anP&dii®hiRpPepc LBfadiv & Y hitngy Y- abfasi ve grains are

colloidal silica or <colloidal alumna, sald abra5|ve ral S Bave gH of 3
or less; and sab@ighabxiadiiAsg rAgehs o' A aaV%BﬁSé’nP? Lrf'ﬂ‘r“be’ﬁli

of 50 nm or less, and
said abrasive grains have standard deviation of
particle size distribution in a value of more than 5

nm.

4, {(Canceled)
5. (Canceled)
6. {(Canceled)
7. {Canceled)
B.

The polishing medium for chemical-mechanical
polishing according to claim 2, wherein said abrasive
grains are mixed in an amount of from 0.1% by weight

to 5% by weight.

9.

The polishing medium for chemical-mechanical
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0.01% by weight to 3% by weight. 36 1 6 FEB 2004 3. The polishing nedi um
for chem cal - mechani cal polishing according to claim 2, wherein: s?i
abrasive grains have a average particle diameter of 50 nmor |ess, Qﬁgﬂzmu
sai d abrasive grains have standard deviation of particle size distribution
in a value of nore than 5 nm 4. (Canceled) 5. (Canceled) 6. (Canceled)

7. (Canceled) 8. The polishing nmediumfor chem cal - mechani cal poli shing

according t O%Ii%i}m,g%t whersidy 54 doakhAsi ¥ge GlraidiSa #h8 M X&sh i Anan gmount

of from 0. 1% by weli to 5% by weight. 9. The polishing nedium for
1 T03 and & PGATCT Y UFPREr CONF PS8 & vt bProar N e DoF e e of clalm
10. The polishing medium for chemical-mechanical

polishing according toclaim9, whereinsaidwater-soluble
polymer is at least one selected from the group consisting
of polyacrylic acid, a polyacrylic acid salt,
polymethacrylic acid, a polymethacrylic acid salt,
polyamic acid, a polyamic acid salt, polyacrylamide,

polyvinyl alcohol and polyvinylpyrrolidone.

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

weight to 1.5% by weight.

12.
The polishing medium for chemical-mechanical
polishing according to any one of claims 1! to 3 and 8

to 11, wherein said acid is an organic acid.

13. The polishing medium for chemical-mechanical
polishing according to claim 12, wherein said acid is

at least one selected from malonic¢ acid, malic acid,
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10. The polishing nediumfor chem cal - mechani cal polishing according to
claim9, wherein said water- soluble polyner is at |east one sele?%%%aﬁmﬂm
the group consisting of polyacrylic acid, a polyacrylic acid salt)]

pol ymet hacrylic acid, a polynethacrylic acid salt, polyamc acid, a

pol yam ¢ acid salt, polyacrylam de, polyvinyl alcohol and

pol yvi nyl pyrrolidone. 11. The pol i shing nedi um for chem cal - mechani cal

pol i shi ng agr%ortf%l ?gcto I% ygsl%%htw{]f ehg sl O , Pxi QICZlId‘Ig agent isin a

concentrati rom 0 by wel ght. The
pol i shi ng nmedi um f or chenlcal nechanlcal pol i shi ng accordlng to any one of
clains 1 to 3 and 8 to 11, wherein said acid is an organic acid. 13. The
pol i shi ng medi um for chem cal - mechani cal polishing according to claim 12,
wherein said aci d4i-.s at |east one selected fromnalonic acid, nmalic acid,
38 16FE8B2004 tartaric acid, glycolic acid and citric acid. 14. The
pol i shi ng nedi unther padlens hahgnechdnunalf opol dlséinag adcooe dhag itad lany one of
claime 1 to 3 and 8 to 13, wherein said protective-filmformng agent is

polishing according to any one of claims 1 to 3 and 8

to 13, wherein said protective-film-forming agent is

at least one selected from benzotriazole and a derivative

thereof.

15.

The polishing medium for chemical-mechanical
polishing according to any one of claims 1 to 3 and 8
to 14, wherein said oxidizing agent for a conductor is
at least one selected from hydrogen peroxide, nitric
acid, potassium periodate, hypochlorous acid and ozone

water.

16,

The polishing medium for chemical-mechanical
polishing according to any one of claims 1 to 3 and 8
to 15, wherein said conductor contains at lest one of
copper, a copper alloy, a copper oxide and a copper alloy

oxide.
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at | east one selected frombenzotriazole and a derivative thereof. 15.
The polishing nedium for chem cal - mechani cal polishing according t e
of clainms 1 to 3 and 8 to 14, wherein said oxidizing agent for a @gﬁgggﬂgr
is at |east one selected fromhydrogen peroxide, nitric acid, potassium
peri odate, hypochl orous acid and ozone water. 16. The polishing nmedi um
for chem cal - mechani cal polishing according to any one of clains 1 to 3 and
8 to 15, wherein_said conductor contains at | est one of copper, a copper
al l oy, a copper b%ide and a copper alloy oxide. 39 1 6 FEB 2004 17. The
pol i shing medi um for chem cal - mechani cal_ polishin ccordj ng.to .any one of
claims 1 to 3 an@hg Bl 15D ipkems $il Y& § Odorfct@P oF 3 'Qﬁ%éﬁﬁﬁﬁa%ayer for
preventing copper atons fromdiffusing. 18. The polishing nediumfor
cheni cal - nephariisdeai ngpelcicshi dhignec tor dity eBeclodi g 171 meher i 3aRd b ri er
| ayer contains tantalum a tantalumalloy or a tantalum '
to 15, wherein said conductor is a barrier layer for

preventing copper atoms from diffusing.

18. The polishing medium for chemical-mechanical
polishing according to claim 17, wherein said barrier
layer contains tantalum, a tantalum alloy or a tantalum

compound.

19.

As polishing condition, polishing pressure is 25
kPa and relative speed of substrate member to polishing
platen is 18 m/minute, a polishing medium for
chemical-mechanical polishing having:

a polishing-rate ratio (Ta/Cu) between tantalum and
copper or a copper alloy of more than 1;

a polishing-rate ratio (TaN/Cu) between tantalum
nitride and copper or a copper alloy of more than 1;

a polishing-rate ratio (Ta/S$i0O;) between tantalum
and silicon dioxide of more than 10; and

a polishing-rate ratio (TaN/SiO:) between tantalum

nitride and silicon dioxide film of more than 10.
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compound. 19. As polishing condition, polishing pressure is 25 kPa and

rel ati ve speed of substrate nenber to polishing platen is 18 nininngfgym‘
pol i shing medi um for chem cal - mechani cal polishing having: a
polishing-rate ratio (Ta/Cu) between tantalum and copper or a copper alloy
of nore than 1; a polishing-rate ratio (TaN Cu) between tantalum nitride
and copper or a copper alloy of nore than 1; a polishing-rate ratio
(Ta/ Si 02) between tantalum and silicon dioxide of nore than 10; and a

pol i shing-rate rédPico (TaN Si O2) between tantalum nitride and silicon

di oxide filmof nmore than 10. 40 16 FEB 2004 20. As polishing condition,
pol i shing pressune i PbskPagambnel ttove spekdssfirguhst ease ifenber 260
polishing platen is 18 mm nute, the polishing medium for

chemni cal - meghanizeal ol & shiveg saecod di Higs tbsamy tonenafibecl Abmpol itsh Bngnd 8
to 18, which has: a polishing-rate ratio (Ta/Cu) between tantal um and

Copper O 2ol aRAa] akl gy of y eRGtihancde BoRald18hhgInieatsaum atbe (TaN Cu)

bet ween tant al'um

chemical-mechanical polishing according to any one of
claims 1 to 3 and 8 to 18, which has:

a polishing-rate ratio (Ta/Cu) between tantalum and
copper or a copper alloy of more‘than 1;

a polishing-rate ratio (TaN/Cu) between tantalum
nitride and copper or a copper alloy of more than 1;

a polishing-rate ratio {(Ta/S5i0:;) between tantalum
and silicon dioxide of more than 10; and

a polishing-rate ratio (TaN/S510;) between tantalum

nitride and silicon dioxide film of more than 10.

21.

A method of polishing a substrate member comprising
a step of polishing a barrier layer containing tantalum,
a tantalum alloy or a tantalum compound, by the use of
the polishing medium for chemical-mechanical polishing

according to any one of claims 1 to 3 and 8 to 19.

22.

A method of polishing a substrate member comprising
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nitride and copper or a copper alloy of nore than 1; a polishing-rate
ratio (Ta/ Si02) between tantalum and silicon dioxide of nore than %g' an& a
polishing-rate ratio (TaN Si 02) between tantalum nitride and sili FEB 2004
dioxide filmof nore than 10. 21. A nethod of polishing a substrate nenber
conprising a step of polishing a barrier |layer containing tantalum a
tantalum all oy or a tantal um conpound, by the use of the polishing nmedium

for chem cal - nechani cal poljshin according t n : j © 3
16% P qsntcol ylrl‘rgrr%egl £ A48 2k d

and 8 to 1% 2bePAStet 188 i%sHi Wy~ a“Substat e conpfising 41 16

FEB 2004 a step of polishing a surface includipg Wi riyng | r
barrier |aysngd bybeha ige biveKe EMinﬂﬁrﬂf?m%?uﬁﬁef8pléﬁgh?%§lmﬁ@@ﬂgﬁica

pol i shing according to any one of clains 1 to 3 and 8 to 19. 42
for chemical-mechanical polishing according to any one

of claims 1 to 3 and 8 to 19.
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