1 DESCRIPTION Title: CMP POLI SHING LI QUI D AND POLI SHI NG METHOD 5 Techni ca
Field [0001] The present invention relates to a CW polishing liquid
and a polishing nethod to be used for polishing a sem conductor substrate
wiring formation step and the like. 10 Background Art [0002]

M crof abrication technol ogi es have recgntly been devel oped in order to
attain high integration and hi gh performance of a 15 sem conductor
integrated circuit (hereinafter referred to as LSI). A chem cal nechani cal
pol i shing (hereinafter referred t 25ROt hod is one of the

technol ogies, which is often used for flattening interlayer dielectrics,
nmetal plug formation, and enbedded wiring formation in a nultilayer wring

formati aqp. st ep. is dis in P Publication 1, for
exanple?ﬂf%% 3]cﬁ§’Q&fﬁ§§£@€0#ﬁ@%;ge%ﬁboﬁéﬁfgg%NQh%ﬁﬁﬁgh per formance of
LSI, use of copper or a copper alloy as a conductive material for a wiring
material has recently been tried. However, it is difficult to 25 perform

m cr gf abgd cati om of; copper or copper alloy by enploying the dry etching

met hod whi ch has often been enpl oyed for conventional alumnumalloy wring
formati omyod0004] 2 Accordingly, a so-called damascene nethod, in
which a thin filmof copper or copper alloy is deposited on an insulation

filmon which gopvesecare: hoeaedon arsh 4thes tthi 8 dud BaxeeRthd 0f glhe Hoove
portions is renoved by CMP to form an enbedded wiring, has 5 predom nantly

been enm qyedi sihey trectined ogy b Wse! Dsedod ni Natent a Pabhi cardoat@y for
exanpl e. [0005] In an ordinary nethod of CVWP of a netal, which is
enpl oyess ot pyole shimighq tomohuct v es e exndl tiseichilas. copper and a copper 10
all oy used as a wiring netal, a polishing cloth (pad) is attached to a
cirédlar polishing plate (platen); a metal filmforned on a substrate is
pressed to a surface of the polishing pad while the surface of the

pol i shi MFPEF 39 fprtegnated with a CMP polishing liquid; the polishing
platen is rotated in a state where a 15 predeterm ned pressure (hereinafter
referred 49 4ds polishing pressure) is applied to the netal filmfroma

o Temoved by ARVE HECHAN LaT PRBLASI Bn et vean Thd SRPPAY GHARET | qui d
and thejﬁPQ%%%ﬂPQﬁgiéy{égntﬁ¥%ﬂn¥§%egééggon and high performance of a
15 semiconductor integrated circuit (hereinafter referred to as LSI).
A chemical mechanical polishing (hereinafter referred to as CMP)
method is one of the technologies, which is often used for
flattening interlayer dielectrics, metal plug formation, and
embedded wiring formation in a multilayer wiring formation step.
20 The technology is disclosed in Patent Publication 1, for example.
[0003]

Also, in order to attain the high performance of LSI, use
of copper or a copper alloy as a conductive material for a wiring
material has recently been tried. However, it is difficult to

25 perform microfabrication of copper or copper alloy by employing
the dry etching method which has often been employed for
conventional aluminum alloy wiring formation.

[0004]



20[ 0006] The CWP polishing liquid used in the netal CWP is generally forned
of an oxi di zi ng agent and an abrasive grain, and an oxi di zed- net al

di ssolving agent and a protective filmform ng agent are further added as
requi red. Conductive material surfaces 25 are oxidized by the oxidizing
agent, and the generated oxidized conddctive material filmis ground by the
abrasive grain, which is the basic nechanism [0007] 3 Si nce the
oxi di zed condugt i - ial L t caonc or t,i is
scarcely in c%%%&%%'t %{esgolhlgg%ieggg%%%?&%ﬁ%q%%%%' gl?j gﬂéﬁicgh%n%ﬁ% t he
abr asi ver grRid¥ @@gge@%re&?é@p 2N dhesoxd g 2ede onduet i ¥eu MBt ephads frh I m
and the substrate surface is flattened by renoval of the conductive

mat eri alo®AhiBe EoRvexs ekt Ofmad ORadW H ta 1prognesscebtGME: tRet@idsyare

di scl osed in Non-Patent Publication 1, for exanple. [0008] It is known that
addi ti orp@ftidies oxé digeslve@tiay cissod vidagn 16n agenéddsd eff echgyenas one of
the nmethods for increasing a speed of the polishing by CW. It is

undebst quceddratnd el grvewh ngmeldeed. ofThehe eadimasliogy grsaidi scsl cerdltanced when
grains of the oxidized conductive material polished off by the abrasive
grai n arkRatinsotweld ¢here naf terr refanpeel to as etching) into the CWP 15
pol i shi ngq)(% i q]gi d. [0009] Though the CWP polishing speed is inproved
by the addfi%3bn of oxidi zed-netal dissol ving agent, the conductive materi al
surface is further oxidized by the oxidizing agent when the 20 conductive
mat eri al surfdée 3 sCeLppséd ByTEfe ot HhPor BRE2Sxi BRZel tdIMRIXRA
material _in the caonvex portion., The etching on the conductive material in
e convilt TS T o CoSue Gifien TERE LORTdPIaH OF FaPPheMtad RIS of o
the fl attening effect is i.npaired.by_a phenonmenon that_ a .central rtjon of
el Bur (DB FRe (AU IoE e B ol R Eh 6 embRadea i e e

pol i shi i | i ke .a di er.ei er ed-.t i shing).

[ 0010] n% oafS %%g{/@ﬁ%?%gd%lr%lg}ggfﬁs%g%qs{ na[(;%rﬁ) ’Thgeq%e%&{leﬁll 1\%3%5%%”%4"&'}% ng
agent is, capahleof fordng & RPtechive dd 1dp o d he oddized, 4d Lmsan the
conductive material surface to thereby prevent the oxidized filmfrom being
di ssol vethd Bhiorhbe SAMPh@QJ1SRINNG o p MG ihdrdsndr degiitab] embhatl tdheng
protective filmis easily ground with the use of the abrasive grain and
does notlireduse dHe (OVA foldsing apeed. rJ003dd in a stdie ofigefe t suppress
t he di shing and corrosion during polishing of the conductive material and
to 16r maxdieglemelnabidadys e LGlenwd imafera mefdokedftausdngp@n shing

oxi di zed- et al di ssol ving agent sel ected from am noacetic acids and

am dosulpngssgiradi ds apdlacEVP (idld shkitad Fidui oreomt aienemgeBaTde of the
(benzotriazole) as the protective filmform ng agent has been proposed. The
t echnol G lisdides Pridsednint Patiesita PUblire &0 enc8nvesrreXahph els removed

by relative mechanical abrasion between the CMP polishing liquid
and the convex portion of the metal film.
20 [0006]

The CMP polishing liquid used in the metal CMP is generally
formed of an oxidizing agent and an abrasive grain, and an
oxidized-metal dissolving agent and a protective film-forming
agent are further added as required. Conductivematerial surfaces

25 are oxidized by the oxidizing agent, and the generated oxidized
conductive material film is ground by the abrasive grain, which
is the basic mechanism.

[0007]



15[ 0012] Meanwhi |l e, as shown in Fig. 1(a), a barrier conductive film
2 (hereinafter refereed to as barrier film for preventing copper diffusion
into interlayer dielectrics 1 and for inproving adhesion is fornmed bel ow a
conductive material 3 fornmed of a wiring netal 20 such as copper and a
copper alloy. Therefore, it is necessary to elimnate the exposed barrier
film2 by CVWP on portions other than the mﬁring portion in which the

conductive na;§%ﬁ5g1ﬂ§ %ggﬁ %%'ngggggEVe &5 fqﬂgyctor Bsed fPr t he

barrier film as hi ness as conpare He "¢con rve na?erlal

it is d'éf'&“&&n@%%%@%%f‘b f‘ssé‘&é?éé‘f#a{ﬁ( &’9&&9{ I”xgl@grgﬁn:%@ ; e %I t he

pol i shing nmateri con uctlve mat er i s used 1 on,

flatnessyigs, three@f§§&€rdﬂ)ﬁ@§.@ghl{ue%‘f@}:he%bra51ve theref 95&s n%tt@Qelstt,&H)
pol i shi ng net hod has been studied. in which the process is divided into

"first pehicsbidg et c@hdgalthsalmetmlc@mﬂmtdn}&tnats@ws@ra%efé@ma&@
state showmn in Fig. 1(a) to the state shown in Fig. 1(b) and "second

pol i shi ngs stlep’'téneaaf polkresbivag bhetbarddretudddws Zafecamatihenst Ak ecshoan i n
Fig. 1(b) to the state shown in Fig. 1(c). Also, in order to inprove the

fl at nesspaftidve swiqoe Ef teerprteymasratdfogMef. t hetpodlssaragidiacpasédofn a
convex portion of the interlayer dielectrics 1 is generally polished in the
second poti-statenstiepylivithonsl cafbeded@upbyerpolishing”. Ctation List

Pat ent Docunents [0014] Patent Docunent 1: United States Patent No. 4944836
15 Pat entO®tunent 2: Japanese Patent No. 1969537 Patent Docunent 3:
Japanese Patent No. 3397501 Non-Patent Docunent 15] Non- Pat ent
Document 1: Jour A&l XBPWEl BR2 T Grabh kit %EP@t?Xl‘iggid povel. A48 I N9 11;

60- 3464. Di re of the Inven ion P o e to be Solved by the
G S R LR P ﬁﬁ“ﬁgmsfﬁ Tho CEne"EaSe" i pRr R ng

the 25 querpal Lo 4% o0 pihaub nt e ayel, Al et LRy AhPYL 3NN SPESY
of the abrasive grain is enhanced when grains of the oxidized
conductive material polished off by the abrasive grain are
dissolved (hereinafter referred to as etching) into the CMP
15 polishing liquid.
[0009]

Though the CMP polishing speed is improved by the addition
of oxidized-metal dissolving agent, the conductive material
surface is further oxidized by the oxidizing agent when the

20 conductive material surface 1s exposed by the etching on the
oxidized conductive material in the convex portion. The etching
on the conductive material in the convex portion progresses when
the oxidization is repeated. Therefore, the flattening effect is
impaired by a phenomenon that a central portion of the surface

25 of the conductive material which is embedded after the polishing
is depressed like a dish (hereinafter referred to as dishing).
[0010]

Addition of a protective film-forming agent for the purpose



for the interlayer dielectrics 1 may preferably be high in addition to a
polishing speed for the barrier film2 in order to inprove a throughput by
the reduction in polishing step tine. In order 6 to inprove the polishing
speed for the interlayer dielectrics 1, nmeans of increasing a grain size of
the abrasive grain in the CVWP polishing liquid and increasing a content of
the abrasive grain in the CW polishing liquid nay be considered. 5[0017]

However , foth of .the above,neans tend to de& riorate gis efsjon.stability
of the 48T S5V HrHIh T8 i Bar Get MG T ol 151 FHECabY B VoL Gr st He g
Ther ef OrLsed L itsh?gﬁggﬁewg%f@qgg%nlgo%%cﬁ%i@@ f!i'lﬂlubrq tre B%ﬁgl%?ﬁfelﬂﬁ' ng

stored for a cer N perio polishi ng spee or

nter! aysl (el eahnesyL SR Lo bey L PuRLAd, LACERNSS, A RLAbLam of 81 Iacul ty

in attaining t atness. [0018] Therefore, there’is a demand for a

pol i shi ng; 1 qh Sy W Gl 1b Nas) dhe Same diar over plilimmpalyi shigigaspeed a8
conpared to the conventional CWP polishing liquid for a barrier film a

sati sf aci®gityprapihipalHesbirogespeed Folmt he dayer} ayenundi elieet thesusand
excel | ent abrasive grain dispersion stability. [0019] 20Si nce the

mechani caf t&et bbpabyveheraht asidvéogs aidt redenkancedMmpeacbhahgt hgea®ans, a
phenonmenon (hereinafter referred to as "seani) in which the interlayer
dielectri@sll] near the barrier film2 is excessively polished as if they
are scooped off tends to occur. \Wen the seam occurs, a problem of an
increase in wli myrds riesistroees Drthaed} sikiong sandi eeuroShen ptoblean wi | | be
grave when a degree of "scaling" (multilayer formation in LSI_wring

st ruct urk9lishingpédswicosfneslgcmataig st dival CBr e I $ iRkl bl ong
with the increase in scaling, a filmthickness of thg §7 inter-wring

i nstiPat iyt MA5hN% PeBBERACt Of BB T PleREed 1By dam¢ery ShafPl¥eamha99p20]

bart | e 14196 F61 (SRTG S EBUoVAT R 120 P PARCPR LA L6121 K GBveni onal
speed 1 SRR Gorhyer Con et ity BT Rt RbRE EREE S0t PRERBENSRER (e
Phe. preoan™ i nyaR TR e To provi de B OV pol 1sh ma s QL & Wk EF e & i gh
barrier filpnpold shing SPeesh 35 g@pagigmgjepolishing interlayer
dielectrics at a high speed, and enabl es favorabl e abrasive grain
di spersigpstpbility in the CVP polishing liquid. 15[0022]
Meanwhile, as shown in Fig. 1(a), a barrier conductive film
2 (hereinafter refereed to as barrier film) for preventing copper
diffusion into interlayer dielectrics 1 and for improving adhesion
is formed below a conductive material 3 formed of a wiring metal
20 such as copper and a copper alloy. Therefore, it is necessary to
eliminate the exposed barrier film 2 by CMP on portions other than
the wiring portion in which the conductive material is embedded.
However, since a conductor used for the barrier £ilm 2 has higher
hardness as compared to the conductive material, it is difficult
25 to attain a satisfactory polishing speed even when a polishing
material for conductive material is used in combination, and the

flatness is often deteriorated.

[0013]



Al so, in view of the above, another object of the present invention is to
provide a CWP polishing liquid which has a high barrier film polishing
speed, is capable of polishing interlayer dielectrics at a high speed, and
enabl es to suppress a 20 flatness-rel ated probl em such as seam [0023]

Al so, yet another object of the presentoinvention is to provide a polishing
met hod i n production of sem conductor substrates and the |ike which are

excel lent in npeLofAbrd caliOfy-2Bet h%@lié}hﬂh&%@@ﬁwnhagiﬁ@é'ﬁ op,@eLyracy,
and electric property and are of high reliability and a | ow cost. Means for

Sol ving theyiekl ens [PO24Ls 8s divided ThELOr eseptti PYENLH OAghassel seted
to use silica particles as an abrasive grain as a result of various

resear cheslishihe theninaalviwng rdahe rdbkave- desarthed qaeblsestnand hag. f ound

that (A) a silanol group density, (B) a primary particle diameter, and (C

5 an assbcaattortidegtescobhbhe $hlFitq. paflt) dres "areondppol anhifhgcsoss” f or

the problens. [0025] (1) Afirst enbodi nent of the present

i nverst i obf et latEsing theChRrpokirshi hy 2 ifgwind tbenpt & ¢ rmh@vmedi @agantd(s] | i ca

particles 10 as an abrasive grain dispersed into the nedium wherein

(Al) a stPaped YPraup Ierish tyn dFighe &1l cAlpart iiel esdps BOOLMAROBE tlss;

(81) a biaxial average primary particle dianmeter when arbitrary 20 silica

parti cl e%l%F’ée§%l%’chgé F4old & aifirgget PR AN ARHCBY SERRM Mgl T B4 r gnpart
observation i.s 25 _to 55 15 oci ation dfgree of

?Lgrg?fﬁggibé???ﬁ?%ﬁmﬁglfpioértﬁ%r%Et?%i%¥§¥uéfé§QC€1%ﬁg§is%50?%??6% Bgree
o, def) nedh aacaur a0, (axerage pa el £, 0L aTE! o0k LIRS verage
by 4%y nao S Bkt dl eri ng. method uSing a grain distr:bution meter in a
state wheresthsnsiiieca particles are dispersed into a liquid and the
bi axi al average primary particle dianeter. 25[0027] By preparing
t he pol i shi &g | bguhde@ssdescri bed above, it is possible to provide the CW
polishing liquid which is excellent not only in barrier filmpolishing
speed buto@lsp in abrasive grain 9
Patent Document 1: United States Patent No. 4944836
15 Patent Document 2: Japanese Patent No. 1969537
Patent Document 3: Japanese Patent No. 3397501
Non—-Patent Document
[0015]
Non-Patent Document 1l: Journal of Electrochemical Society; 1991;
20 Vol. 138; No. 11; p. 3460-3464.
Disclosure of the Invention
Problems to be Solved by the Invention
[0016]
In the second polishing step, in the case of performing the
25 overpolishing on the interlayer dielectrics, a polishing speed
for the interlayer dielectrics 1 may preferably be high in addition

to a polishing speed for the barrier film 2 in order to improve

a throughput by the reduction in polishing step time. In order



di spersion stability and is capable of polishing the interlayer dielectrics
at high speed. [0028] Also, in the case where an anount of the abrasive
grain to 5 be added is relatively small as conpared to the conventi onal
exanple, it is possible to attain the high polishing speed for the
interlayer dielectrics. This neans thatoit is possible to suppress the
added anount of the abrasive grain required for attaining the polishing
speed sipjl ‘he .con i Li. s.hi Laui

Aocor di gy 21 Ase T Po pocat B 606 concanty at 6 The aNP pol FeRrast | qui d
at a hi ghegRBCENLIRANQN 133 GOFPALRG: 14 e teenyspL s phal g GMR RO L8 ki dgp

| i qui d, conveni ence for storage and transport is enhanced, and it is

possi bl epd Di PK Oy dBi Gu LS aged WH et hdisn @ hicghelendegireenef abreedos gngi gan be
custom zed 15 to a process of a purchaser. [0029] (2) A second
enbodi ment ohet P ppeseshihgventuod msyab&MPopsldshedg |iquid conprising a
medi um and silica particles as an abrasive grain dispersed into the nmedi um
wherein (®2)}7the silica 20 particles have a silanol group density of
5.0/nn2 or less and are not subjected to any surface treatnent; (32) a

bi axi al aver agéoye Ve Yot t P €l eheli apevernowen bebitrargeorsdrata
particles are selected froman inmge obtained by scanning el ectron

m cr oscopeSppEet 9atS P i 60 ANt o AESS1VandredR)taR lasyotF At TONt Webpee of
25t he silicah articles is 1,20 or less or from1.40 to 1.80. [0030 10
excel | ent®| %a?‘?if%?l??l AT POl s Svetr bt TR T S e i shing
the interlayer.dielectrics at hi speed. and is capabl e of suppressin
ocour r kBl DT HE SERY (o0 SEF B E3F S oF br S1SFabI k RabCE B GNP pUf fshi ng
l'i quid of -the pr ' Lan f r tain | anticorrosiye
ageﬁp. Vé%ﬁngﬁgh%§%2¢?%g¥§?%%ﬁ¥x¥#{%ggpgégﬁﬁﬁga 6%§%§§?8%§Céfgﬁfn€§% ®the

conduct i ye patellale and, JHfdder ?;ilrg, dicl &i@?ﬁ?‘égg%ygﬁeé@’c&%ﬁ}ﬁ% the

roughness on a surface after the po i ng. 10- he net al
anti corrpsi¥g-agent may preferably be a conpound having a triazole
skel eton. Wth such configuration, it is possible to nore effectively
suppressietchi ng of the conductive material and, further, to readily
prevent generation of roughness 15 on a surface after the polishing. [0033]
(5) The netal BMietsrositvieragent dayapd eoer aloiyp bel athleqsti quriel skl et ed
fromthe group consisting of benzotriazole and
1H 152, 3résiazel sfme Sbblpyerdiném polishpogsebeedt esnooep20edf fectheel vy
suppress the seam by using the netal anticorrosive agent in conbination
with thecsiveéghipanticlsphhvbhgnoheigiidnébrgrobprdensi tylof 5. 0/ nn2 or
| ess.
satisfactorily rapid polishing speed for the interlayer
dielectrics, and excellent abrasive grain dispersion stability.
[0019]
20 Since themechanical action by the abrasive grain is enhanced
in each of the means, a phenomenon (hereinafter referred to as
"seam") 1in which the interlayer dielectrics 1 near the barrier
film 2 is excessively polished as if they are scooped off tends
to occur. When the seam occurs, a problem of an increase in wiring
25 resistance or the like is raised. The problem will be grave when
a degree of "scaling”™ (multilayer formation in LSI wiring

structure) is increased. Since awiring sectional area is reduced

along with the increase in scaling, a film thickness of the



[ 0034] (6) The silica particles may preferably have a zeta potenti al
25 in the CW polishing liquid of 5 nV or nore. Wth such configuration, it
is possible to provide a CMP polishing liquid which is nore excellent in
silica particle dispersibility and interlayer dielectric polishing speed.
11 [0035] (7) Each silica parti’cle may preferably be a coll oida
silica fromthe viewpoi nts of easiness of changing values of the silanol
group densidy., biax qlns_%vleartqng PLh S Y rRArHeE @oqﬂ@m%enéeawgl@é%gn
degree, and zeta potential and availability of silica particles. [0036]
(8) A coghent ofathe silica particles may preferably be 3.0 to 8.0 parts by
mass relative to 100 parts by nass of the CWP 10 polishing liquid. Wth
such confogroation, it is possible to provide a CMP polishing |iquid having
favorabl e interlayer dielectric polishing speed. Also, it is possible to
nore easily suppsestosggtagat D aahshsed ifivend atiPopo bi sl heg partiicl wesi ch
resulting in provision of a CW polishing Iiquid having favorable 15
di spersilons st abitrigr andlstoehgehshabspeey. wiDOB7}s similar (©) Thet GWP
polishing liquid of the present invention may preferably have a pHin a
neut r al tfaﬁ?lg@o@‘ife%‘ﬁi@@@hiléa?éhgé.mehCPéﬂc}hOiéﬁlﬁiigmé@th? #ndi 8 possible
to provide CWP polishing Iiquid 20 which has nore excellent polishing
speeds fdrtihe2ebrabtY | vePhateriaFhand thecBaf PrefRei LRFCFHBBST
(10) It is preferable that the CVMP polishing |liquid furfher contains an
oxi di zed3he %?tﬂ?%§o?9$n€b%§eﬁ?F GF tAS shich g%a%oﬁFFﬁﬁrEP?OB?%F?thgpossibIe
to proviEio%%FNP polishing liquid having a favorable polishing speed for a
metal su the barrier film Al so, the conductive nmaterial is polished
in the second li.shi , b s .ol prQvi de.
polﬁ?hing 12 ﬁ?dﬁ¥%33ﬂ%§%%£ ?%@%agegc 5@%@2??8%6%ﬁ5§h?§98§ %gg ort%%e
conduct i ri i 4 .t oxl.di - 11550 v : ti i ned
therein.yf%%ggf:%?%Tﬁhgg?ﬁghgpeégggéﬁg %ﬁgﬁigﬁg§%£%¥%ggfs ?%gwh?agidgﬁf t he
a high barrier film polishing speed, is capable of polishing

interlayer dielectrics at a high speed, and enables favorable
abrasive grain dispersion stability in the CMP polishing liquid.
15 [0022]

Also, in view of the above, another object of the present
invention is to provide a CMP polishing liquid which has a high
barrier film polishing speed, is capable of polishing interlayer
dielectrics at a high speed, and enables to suppress a

20 flatness-related problem such as seam.
[0023]

Also, yet another object of the present invention is to
provide a polishing method in production of semiconductor
substrates and the like which are excellent in microfabrication,

25 thin film formation, dimension accuracy, and electric property
and are of high reliability and a low cost.
Means for Solving the Problems

[0024]



present invention further contains an oxidizing agent. Wth such
configuration, it is possible to provide a CW polishing liquid which

exhi bits nore excellent polishing speeds for the conductive nmaterial and
the barrier film 10[0040] (12) The CWP polishing liquid of the
present invention may preferably be stded in the formof a CWP polishing
|l iquid concentrate having a 3-fold concentration or a higher concentration.

With such confiuratd O« 1Exﬂe§1tﬁ%%5h959sé9e<?€9&'c@o R ??Eﬁﬁé%ﬁﬁ?&ég

storage, transport, and the like and to performthe po

adj usti ngstdie LARGERtS 8LhoR 58 H1$@s1@04%] various ﬁé@@aﬂéhéé“f% ca8ezim
parts by mass or nore of the abrasive grain may preferably be contai ned.

20[ 0042] of solvihd4dhd scvaceesdiNgelioptbiel BhesSent hayenbhod, thher eaj s
provi ded a polishing nethod conprising: a first polishing step of exposing
a barries dilan@ngaompniexspoyti &) byppohishi pgrai coadlicnateryatad at) of a
substrate 25 conprising interlayer dielectrics having a concave portion and
t he convex apeodict ion deswed adethdel éofa gahe lyaras erefinpnmdeatt Hget des
interlayer dielectrics along the surface, and the conductive materi al
coating £de baerpeebie¢mm by filling the concave portion; 13 and a
second pollshlng step of exposing the interlayer dielectrics of the convex
portion byYpelishing the barrier filmat |east on the convex portion,

e e el e 5_%;;9@@%%63 RIS AL,
h I bl l, he b film
d tﬁgr%ﬁ%f?%ﬁ ”m%q aemo 4%%%?%5%%3@ ewﬁ Ea(ﬁj@ﬂ.f‘i%ﬁfghﬁd N
addﬁﬁlveghqu|%EP§$l é%%i %egég%ugiylgglgE %ﬁmg%EPEé a E%%bvg I|3U|ﬂ to
prepare the as Lol Nef epyoperhormt ,F % hg &ng'fst €
hoas 6) T e

sane nmanner as |n(14 e inter ectrics in

the polishy ﬂﬁmﬂ%trhpgsgay 2r efaerﬁékya@ea%ﬂ@@@ﬁqeatﬂyﬁggr%c%g@ﬂaﬁe@@kyrrer
films. [0045] ( 17) The conductive material may preferably

contai n ¢RPPesrBO-asra PRI 8iCORROPENtic)O848te selectédBrrdheabannkge
conductive filmprevents the conductive material fromdiffusing into the

i nterl ayebtdietedy iscsnmand; ehechaphi i ceondupti vesérvat hey g efcerabby
contain at |east one
15 nm; and (Cl) an association degree of the silica particles is 1.1
or more.
[0026]
The association degree is defined as a ratio (average
particle diameter of secondary particles/biaxial average primary
20 particle diameter) between an average particle diameter of
secondary particles of the silica particles measured by a dynamic
light scattering method using a grain distributionmeter in a state
where the silica particles are dispersed into a ligquid and the
biaxial average primary particle diameter.
25 [0027]
By preparing the polishing liquid as described above, it

is possible to provide the CMP polishing liquid which is excellent

not only in barrier film polishing speed but also in abrasive grain



25 selected fromthe group consisting of tantalum tantalumnitride, a
tantal um al | oy, other tantalum conpounds, titanium titaniumnitride, a
titanium all oy, other titanium conpounds, ruthenium and other ruthenium

conpounds. 14 [0047] (19) In the second polishing step, it is
preferable that a part of the interlayér dielectrics on the convex portion
is further polished. 5[0048] According to the present invention,

there iSdPE@%ﬁEQ@Qnas@é‘Hif%ﬂU&ﬂ@risgL&_té%ark?ﬂee o pAR1€heGkr PRLC: JEYLEL e
manuf actured by enpl oyi ng the polishing nethod. The sem conduct or

substrat @scapdt 0t Ber ael BEHhOBpEcdevi ces manufactured by the polishing
met hod are 10 excellent in mcrofabrication, thin filmformation, dinension
accuracyjoand]jel ectric property and have high reliability. [0049] The
di scl osure of the present invention relates to the subject matter of
Japanese Pat emdl#pplircathieoraNe. wB608- 490422:156 41 e abrAsgust g19in2009, of
whi ch disclosure is incorporated herein by reference. Effect of the
| nvert i ope[ 80863 pecoedihgvedyt hwaplesentoinpgeati bn, thenceniventsopassi bl e
20 to obtain a CVP polishing liquid which attains a high barrier film
pol i shi ngx3Peed; hhsifanerabbécabpastveingrbha dishepeionhsnabspeey, fand is
capable of rapidly polishing interlayer dielectrics, it is possible to
i nprove BREhtBEgRpAYCBydActeaALELFON i TN bDITeHIhgtkdteptt i e . PoF SR 1e Heo
polishing nmet hod Eﬁcorging to 25 th Eéesent i nvention, in which chem cal
mechani cafPROFFENFRG FE9p8r FBPIRE Bg EngPrRELERPIpBIshFAYIFPEUEAT i s
sui tably | oved for producing sem.conductor substr and ot her
electron?§€%%%¥% gjﬁﬁpg%lﬁé&ggh?%%eﬁfﬁ qVF@nyggﬁéé%%Egﬁtconventlonal
m cref abgi j : in.fil {i [ 4 (e} curacy.,.and electric
pr oplgr t yd,EMg?l%&ﬁ?%%l%él %g }lﬁgf y.rﬂ(%%@@c’r ?épjtr?%% 0 ]?%egﬁ%%ﬂn%st? 0051]
SFig. 1 isn@-seehiondhe vdvaﬁﬁmeﬁ?itdga'ﬂ@ﬁi%ﬁ%\ﬁ 09h&gh! e%gé @Pa{?ig{{‘ y
damascene process, wherein shown in Fig. 1(a) Is a State of of & pol'i shi ng;
shown i ncbhgarddbloi hd Sbabent NoMhi chup SONducLhyeL 1Bt s abohdeppbisbed
until a barrier filmis exposed; and shown in Fig. 1(c) is a state in which
t he polisbi BgorsgpeddiorradspOritnts bnaaseBWeXaOL tiitNpeksi Pl 8rdAyesvide
dielectrics is exposed. Fig. 2 is a diagram show ng one exanple of a
parti cl ea shape ehinhilchs @ hiigkkeal dayecage fireaaby padtda] pedtagede! zé8
cal cul at ed.

15 to a process of a purchaser.

[0029]

(2) A second embodiment of the present invention is a CMP
polishing liquid comprising a medium and silica particles as an
abrasive grain dispersed into the medium, wherein (A2) the silica

2 or less and are

20 particles have a silanol group density of 5.0/nm
not subjected to any surface treatment; (B2) a biaxial average
primary particle diameter when arbitrary 20 silica particles are
selected from an image obtained by scanning electron microscope
observation is 60 nm or less; and (C2) an association degree of

25 the silica particles is 1.20 or less or from 1.40 to 1.80.
[0030]

By preparing the polishing liquid as described above, it

is possible to provide the CMP polishing liquid which is not only



Fig. 3(a) to Fig. 3(d) are sectional views each schematically show ng one
exanple of a step of formng a wiring filmin a 15 sem conduct or substrate.
Fig. 4 is a sectional view schematically showi ng one exanpl e of
overpolishing in a second polishing step. Fig. 5is a sectional view
schematical ly showing a seam whi ch occuPred after the polishing. 20 Best
Mode for Carrying out the Invention [0052] (First Enbodi nent)

Her ei naf pol ivshing Jiquid . the p ty Vv i i derly
describe%g&%}%?ﬁétpé od?%%%gqg ?ﬁggékgﬁgo%ﬁéﬁgAakgéﬁﬁ%aggdg%#BFﬁg %?esent
i nventi opoi $sRi KYR ROlingRING yeirayi 1 wBE ehecont aiiR% 8,884di4HR ard.shHhi ca
particles as an abrasive grain dispersed into thé nedium wherein a silanol
group depsi s¥Mpptebbengi bbearpantiéchbesths §eQhnNnR2 or | ess; a biaxial average
primary 16 particle diameter when arbitrary 20 silica particles are

sel ected[f0®hi an i mage obtai ned by scanning el ectron m croscope observation
is 25 to 55 nm and an associ ation degree of the silica particles is 1.1 or
nore.> 5[ 0053] (3) It iEher@NRmpedlliesshibeg [tihguiCPapcodridhnggt ditthédf ofsthe
enbodi ment has favorable silica particle dispersion stability as conpared
to the coneeantohavepoldrhiwgtidyuicantandd ¢ vgpabl enbicarrashaivagagent.
favorabl e polishing speed for interlayer dielectrics. The 10 reasons for

t he abov@lg%s%?F%e@O% feerathave hbt1heRASPiPly EPapvPPEESSbatchhey of
inventors assune as, follows. Particles having a small silanol group

(- Si - OH) tRenSPEYURavES e haF L8t AbAbef UBEPRGN- FRatEREL L% PERVERbuUps in the
silica particlesb ang, accgrdingl¥, it i% consigereg that the, SIi-O--S
struct ur &FRTEhEC1505i FPEEPEPEi clled PUTFaFFy GefiSet S dB9EF8PERT - Ther ef or e,
it h%,angggg that "hardness” as polishing particles becones relatively
highto ncregse the interlayer dielectric polishing speed. However, since
it is inpossib t i n i |. Shi peed and
the stability &ﬁ%ﬁp? SH%¢%% %?y? %rg%%?%g %@é%%ﬁi?%rgégféfﬁg%ya?§h?n an

appropri @bfpbadhadiing 8 €ONSIGEL @i hhatt heybalhance, appRy Jihe thicaxi al
average primary particle dianeter, the association degree, "and the silanol

group densidasdiplidmpe it efE_@@%ﬁbeZ?_@dpgﬁiéé§éteﬁﬁhg%§%he(&oﬂ1du§ﬂ@$0| ,
G oup Density) The silica particles to be used for the CWP polishing

liquid acgoediag 4t ferthest esbedidmant phavent hgersd daniadn grodpugiensssy 17
of 5.0/nn2 or less. Thus, it is possible to attain the favorable polishing
speéd foonthesunfectaybredi ehecpoitshasgwell as to give the CWP polishing
| i qui d havi ng excell ent dispersion stability. The silanol group density nmay
preferabl§Obél 4.5/ nn2 or |ess, nore
(5) The metal anticorrosive agent may preferably be at least
one selected from the group consisting of benzotriazole and
1H-1,2,3-triazolo[4,5-blpyridine. It is possible to more
20 effectively suppress the seam by using the metal anticorrosive
agent in combination with the silica particles having the silanol
group density of 5.0/nm® or less.
[0034]
(6) The silicaparticlesmay preferably have a zeta potential
25 in the CMP polishing liquid of 5 mV or more. With such
configuration, it is possible to provide a CMP polishing liquid

which is more excellent in silica particle dispersibility and

interlayer dielectric polishing speed.



5 preferably 4.0/ nn2 or less, further preferably 3.5/ nn2 or |ess,
particularly preferably 3.0/ nn2 or |ess, considerably preferably 2.0/ nn2 or
| ess, fromthe viewpoint of the excellence in interlayer dielectric
pol i shing speed. [0055] 10ln the present invention, the silanol group
density (p [number/nnR]) is neasured &hd cal cul ated by the follow ng
titration. [0056] [1] To start with, 15 g of silica particles is
wei ghed @@g3gf placed in a container (X [g]) of which a mass has been
measured and then dispersed into an appropriate amount (100 m or | ess) of

water. In the casewhedel thepairkicacpdly bebesrapeyigt Lhe1eiMafsflica
di spersion liquid in which tﬁe silica particles are dispersed into a nedi um

such as wabRrshd RE cBipPRORS 6A dd Slrdkd S Wehghgingnes Ple Pifr edel H1 Dahbe
contai ner so that an anpbunt of the silica particles is 15 g. [0057]

[ 2] NextgraupHiéssadyusbedxial3aletogd. brhyaaddpagtOclenol Ahehydr ochl oric
acid, and a mass (Y [g]) at this stage is neasured 25 to detect a total
mass Sof abheotiquidn(Medtday] pnd[ DOE8potential and[Bjaledlliqu dfi :iahcanount
(Y-X)/10 [g]) of 1/10 of the 18 An anpunt of the silica particles (A [g])
cont ai nedafhichestiquid at this stage is 1.5 g. [0059] [4] 30 g
of sodiumchloride is added to the liquid, and 5 ultrapure water is added
until a t8?8Planbunt reaches to 150 g. A 0.1 nol/L sodi um hydroxi de

soluiion i's adfel {0 aduet g BH Lo 6.0 Lo propare a Litralion samley
1011124000, 3oL ec L L, 8, PHLY saples 10:3,0: 1200 A ATBuTL oL 30Kl
et 86t ool 80 11rigea Pt Sl AT O CETE 1 Rl o144 o2
provide a CMP polishing liquid having favorable interlayer
dielectric polishing speed. Also, it is possible to more easily
suppress aggregation and sedimentation of the particles,
resulting in provision of a CMP polishing liquid having favorable
15 dispersion stability and storage stability.
[0037]

(9) The CMP polishing liquid of the present invention may
preferably have a pH in a neutral range or an acidic range. With
such configuration, it is possible to provide CMP polishing liquid

20 which has more excellent polishing speeds for the conductive
material and the barrier film.
[0038]

(10) It is preferable that the CMP polishing liquid further

contains an oxidized-metal dissolving agent. With such
25 configuration, it is possible to provide a CMP polishing liguid
having a favorable polishing speed for a metal such as the barrier

film. Also, the conductive material is polished in the second

polishing step, and it is possible to provide the CMP polishing



[0062] p = 13-NA/A. SBET (1) (in the expression (1), NA [ nunber/nol]
represents an Avogadro nunber, and SAET [nR/g] represents a BET specific
surface area of 20silica particles). In the case where the silica
particles are available in the state of being dispersed in a medi umsuch as
wat er as colloidal silica which will béZdescribed later in this

speci fication, an amount of the dispersion liquid in which 15 g of the

silica 2p;parhi ghesn! §l§8nfq§bngdf!a§o¥"§b9@eﬂol§§9ﬁ$e§pé@8 sblhapgl group

density may be neasured I n the same nanner as descri bed above. In the case
where thgoghhteavhatdiLt£5] arie cophai fiethi fed he GVP paldshiingy bibadikdist he
silica particles may be isolated fromthe 19 CW polishing I'iquid and
washed, apfgtthgedt beesklianol group density is neasured in the sane manner
as described above. [0063] The BET specific surface area SBET of the silica
particl es0583p% detected by the BET specific surface area measurenent
met hod. As a specific neasurenent nethod, a sanple which is obtained by
dryirig the silith) partises fewhibdke thatbehedINMbimgdligidncd)guidacdrikee at
150C, transferring the silica particles to a neasurenent cell, and
deaerat|ngeEﬁHVa@UUﬁﬂaunaﬁe@thdﬁ'@@nh¢h®$é§1Q@lﬁszsngpéﬁﬂéd tdléhoﬁ@cbount
met hod or a nulti-point nethod of causing the sanple to absorb a_ nitrogen
gas by uSPREIEUBETISPect FitS RATHR! arln Afeas et Pappht &P 489 Moreld
speci fical | t he abrasive grain dried _at 150C as describ d above is
pulveruz@ﬁlgb Y & Rorea X%%%b?ﬁﬁw&9l%ﬁﬂiqﬂ ?PFSg bf & HRASYT ehERt
sanple, 15 and aegﬁ gnent sagghe is placed in a nmeasurenent cell to
neasure LoBET 8 eép FAt&ar V"t her eof by using a BET specific
surf P Eeasurenent apparatus (product nane: NOVE-1200) nanufactured
uasa oni Inc. [0064] 20Details of the silanol group density

calculatlon me I (VA SN try.
1956; Vol . 28: k?%ﬁﬁQ§3Q@§Cg§%§%g8gga% 33%3%@52“3?&%8%5t ?hvgg€?§§ IFI%?/sics;

2003; VophrefiraBl 48823489&1 [ AOBRL 28Ck- bie: aBraxi ablé_\gﬁaagemawary

Particle D aneter the silica particles to be used for the CW

p0||5h|n@ohtéﬂtﬂa@éCﬁédhﬂg ho3thelfi eshcenbedimeAt orwaenigaki-ng only the
capability of attaining the favorable polishing speed for the 20

i nterl ayeonderteatibns, With suphetenabersoidse itthesspdscib pari eé@schavi ng
t he biaxial average primary particle dianmeter within a range of 10 to 100
nm Mherepata teolwering ma shayapeeferabsyobe, 200chither 1 hbe gndalid aar Gpper
limt may preferably be 80 nm or
the polishing while adjusting the concentration in use.
[0041]
(13) In this case, 5 parts by mass or more of the abrasive
grain may preferably be contained.
20 [0042]
(14) Also, according to the present invention, there is
provided a polishing method comprising:
a first polishing step of exposing a barrier film on a convex
portion by polishing a conductive material of a substrate
25 comprising interlayer dielectrics having a concave portion and
the convex portion on a surface thereof, the barrier film coating

the interlayer dielectrics along the surface, and the conductive

material coating the barrier film by £illing the concave portion;



5 less. Also, fromthe viewoints of relatively favorabl e di spersion
stability in the CVWP polishing |iquid and the suppressed nunber of
pol i shing scratches caused by CWP, the biaxial average prinmary particle

di anmeter may preferably be 20 to 60 nm wherein a lower limt may
preferably be 25 nmor nore, and an uppér linit 10 may preferably be 55 nm
or less. Therefore, in order to sinmultaneously attain the high interl ayer

di el ectrigqpol i shing speed and the high dispersion stability of the silica
particles of the CWP polishing liquid according to the first enbodi nent,
the biaxial averageomdigBlysPahdi st & dbaAnRLEEs] Sy Sehe tPrdarifyop 15 NM
From the sanme reasons, the biaxial average primary particle dianeter nmay
nmore prefieeabltyrbes3sf tithdTdiesd ion by pollAshhagptrsepsirtyenti oh, the
bi axi al average primary particle dianmeter (R[nn) is calculated as

descri bedt betowt basedh@0convekepoesubhs wheobservation of arbitrary 20
particles by using a scanning el ectron m croscope (SEM . Mire

specidfical ly, bye usdthgskold oi slapesfdinad Hayi sigopl gohg doweont£nthe CMP
concentration of 5 to 40 wt % di spersed into water as an exanple, an

appr opr i Be &l apboet l ptuide dofimedaln sil)i ¢ i(d lvekrghédaghdipothedseémend a
container, and 25 a chip 2 by 2 centineters square_ obtained by cutting a
waf er wi PALWPRIRG PBEPer M3 i SHAT el it g Heethafli dit kg Moot fer for
about 30 seconds, followed by rinsing for about 30 seconds in pure water in
anot her toht %ﬁe??l%@QéFh§iﬁﬂ?riﬁﬁéféﬁWbapg BRPetnbyT 21 bl dif e hrt¢dgen,
and then[@gg hip is placed on a sanple holder for SEM observati on,

fol | oned %gplication of an accel erated voltage of 10 kV. GCbservation and

i mage- capture t Si rti.cl es.are can ted_at ni.fication of
xlO%@OO. Ar bi t a?&hgui6h%g%9ﬁgﬁé§%'rélggﬁgcgggggpgﬁﬁﬁ e88g?gF%eﬁniL%%€.

[ 0067] F - i N - eqﬁy : el.ec . Sk L ca icles
have theO o$%3éﬁﬁﬂﬁ%%ERE?8§'g?££e?g%§§hg ?@%&@ﬁﬁs%gi%ggl?%%%eﬁEﬁﬁgéﬁ

whi ch i sodixenased tReSdcly@id@shin 4 bak enbong i aretelglibergof 40z is the
| ongest while circunscribing a silica particle 4 is derived. By setting the
| ong di apes exvoipdineGidCcurgeiidbed festangl 5 s Xrangoa ishonl dhangt er
thereof as Y, the biaxial average primary particle dianeter of the particle
i s cal cusathedndnoar (X$Y)h2(1MNn. average val ue obtai ned by perform ng the
operation for each of 15 the 20 silica particles is called biaxial average
prifdéry pae44tle dianmeter in the present invention. [0068] (l-iii:

Associ ation Degree) The silica particles used for the polishing liquid of
the 20 present (1 Ehe bpthdasayhe dissondtation idegreedfi shinpnerbpd fiawm t he
vi ewpoint of obtaining a preferred interlayer dielectric polishing speed,
and, forP¥RECEAPEY reasdhll¢pe ae3benasi oh drgreec nBgpyeter Ablysbe 1.2 or
nore, nore preferably 1.3 or nore, further preferably 1.4 or nore. 25[0069]
In the pF%%£%1 i nvention, the association degree neans a val ue obtai ned by

detecting "ave e particle di.ameter" of.secondar rticles neasured b
usi ng a gartiC{gghﬂg¥%FBBFPSglV§2materlal may_preféﬂggly contain copper y

20 as a main component.
[0046]

(18) The barrier conductive film prevents the conductive
material from diffusing into the interlayer dielectrics, and the
barrier conductive film may preferably contain at least one

25 selected from the group consisting of tantalum, tantalum nitride,
a tantalum alloy, other tantalum compounds, titanium, titanium
nitride, a titanium alloy, other titanium compounds, ruthenium,

and other ruthenium compounds.



nmeter enploying the dynamc light scattering nethod in a state where the
abrasive grain is dispersed into a liquid and dividing the average particle
di aneter by the biaxial average primary particle dianeter (average particle
di anet er/ bi axi al average 5 primary particle dianeter). [0070] Her e,
it is possible to nmeasure the average particle dianmeter by the follow ng
nmet hod. A neasurenent sanple is adjusted by wei ghing an appropriate anpunt
of the CMpopehishing liquid, 10 diluting the CVP polishing liquid wth
water as required so that scattered light intensity is within the range
required by th@l@ynﬁﬂ1€hélQ@&oﬁ&aﬁéﬁiéﬂgnﬁbgﬁeﬁﬁrlt0£§_§ké§e9h§ié'PH&tP”
nmeter. The neasurenent sanple is poured into the dynamc |ight scattering
nmode par ki phetsbzettdestihtbulbgoarmatenccandca val uBeobbaiagdpastldnD5@ is
detected as the average particle dianeter. Exanples of the particle size

di stri butuohheet pplokhthHe dynam c |ight scattering node having the
above-described function include a light diffracting and scattering type
partixl e[8P28]di stribution neter manufactured by Coulter Electronics, Inc.
(trade name: COULTER 20 N5 TYPE). As described later in this specification,
in the case ofAgepudanyngookheoptenthht ingenheoCvPtpereshinprovgded &or
storage, it is possible to neasure the average particle dianeter of the
secondar §ePaFPRerescpysaRf s F AP T D $Afste Frismig valcar RpnESACAPERAGPY he
silica particles by enployjng the above-described 25 nethod. [0071] (I-iv:
Jet n. pot BHbkaH} A E0LE Eh o it vs 115 BENOSSRIRGH O S AP 2hiing

23 liquid_of the present .invention he, zet otential. of.the silica
particlegtﬁﬁrt 3 rﬁéf9§Nﬁﬁ§SUP%%?%aﬁE§r%$§$é%§BI@p %éh%??d7€§hoﬁo?ﬁ? nor e
pr ef.er ab + : 2 vie L.n f .ence ,i.n rasive
rais aiseerstant £ ARGParehPRho et aBRhora for PEREhs lsesaPeBR R
interlay I ctrigs e LAt o] riicul Lp:ted, and an
upper Iiﬁ?%gggkgbo%?88slégxg?el%géb?gkgu?P?c?gR? ?%?HO?§F%SF§W%% i shing .
Exanpl es;ghgg)nmet hod of attaining the zeta potential of 5 nV or nore

i ncl ude a net%od of adjusting a pH of the CW polishing liquid, a nethod 10
of m xing a coviéi AgsaVEshrOrod YREEHrsotubl enpehyneh Welhttbhet&MPhe
polishing liquid, and the like. As the water-soluble polynmer, a

wat er - sokubljectanhtonee podl yapanksesBrtahkyAppedcafQ0R2Nol n20be-peegent
invention, the zeta potential[mV]) is 15 neasured by diluting the CWP

pol ilshi n§ilequod dghspuité, wabep, sofaghtichatitachoscatt eési ngcompensicby of
the nmeasurenent sanple of 1.0x104 to 5.0x104 cps in a zeta potenti al

measur enearegevbrereépseneans counts per second, which is the unit for
counting the particles; sane applies to the follow ng description) and
pouri ng BdfeRe dfl thedlTNPpéPRshing |iquid into a zeta potenti al
neasurenz@é gill. In order to keep the scattering intensity within the
above-sp PPed range, the CWP polishing liquid is diluted so that the

ggggg;f the RLLLER PETLLCLRS [Rodedst OndeBe PAL! SSDY IBSE. 5 LOL EXaPLE:

20 to obtain a CMP polishing liquid which attains a high barrier film
polishing speed, has favorable abrasive grain dispersion
stability, and is capable of rapidly polishing interlayer
dielectrics, it is possible to improve a throughput by a reduction
in polishing step time. Also, the polishing method according to

25 the present invention, in which chemical mechanical polishing is
performed by using the CMP polishing liquid, is suitably employed
for producing semiconductor substrates and other electronic

devices which have high productivity, excellent microfabrication,



Various silica particles which are varied by the silanol group density, the
bi axi al average primary particle dianmeter, the association degree, and the
zeta potential are available fromsone 24 silica particle manufacturers,
and it is possible to control the values based on the findings by the

manuf acturers. [0074] Also, as to the type of the silica particles,
conventional 5 silica particles such as funed silica and colloidal silica

mey be usgdy, Putnthecold ol dals midd e s dnelerr eddf Eorrt hecvh eyppet ot of
avai l abi[ity of the colloidal silica having the above-specified silanol

group degsityighi axiabpaverage prinmary particle dianeter, association
degree, and zeta potential. In the CW polishing 10 |iquid of the present
i nvent i oBri@f ODe8BF €pt YpRSo6f tRBr BSEMEngEai Nns may be used in conbi nation
i nsofar as the above-described characteristics are satisfied. [0075] (I-v:
Content) [AB6&ltontent of the silica particles may preferably be 3.0 to 8.0
parts by mass relative to 100 parts by mass of the CWP polishing |iquid.
Favordabl e pol iBhingl speedstotibheliniew|agteemali ettty isdeowiens fooleof
attai ned when the content of the colloidal silica having the

above- desrbheEnprypernaeseng Brocpast swhgranssshewnoie, Fiii | (2D 1s a
aggregation and sedinmentation of the particles are nore easily, suppressed
when theStdhentfPsearol paPisdpyshavs &p Fiégs, Lfesul®iAgStatat iai kel of

f bl e di i bi,lit) _ bility. _ dh in, th
content S SHAHOUR "8 Beoi Yo g X156k SREL bie BEFRY °B Chif o FEPOERY in

t he CWVP pol.i_shi ng. POU:. poj nt, of .and_nat t
bo. m e ROP TG SREIRar 67 GF L BHEGRUTBLION (01 S oF a0e AagchTbEat T ter i n
be i xed#3PHE SBhariif 6/ o ©of i S of 806" AeScl T hE Tt or |
e 15 CSBRT { nventTOR Y SObharacreri 68 5968 AGSABPE (5 pot) ShLTRE ¢

i nterlayer dieﬁﬁgFﬁigé Qld{%égﬁﬁﬂgﬁg%inﬁpgneiQxQﬁﬂ@é PéﬁPBEQQEXeP§§a$?e WP

pl ashing liquid as the polishing liquid for overpoli ng the interlayer

di el ectryesndut £261BRlbSMH N Lfe phembat et fdldgandeserided: ahoyeeqit is
preferable to keep the polishing speeds for the conductive materi al

contai ned in tihegpol(ashesirsyr face ard ddie hafdl et elikldadros éavesabtel val ues.
From such viewpoints, a pH of the CWP 10 polishing liquid of the present
i nvent i oshomyngr efier abbypbe wrthi atapneft fakmiagge eirangac€idicinange. The
neutral range is defined as 6.5 or nore and 7.5 or less, and the acidic
range i sseefcoeduasoressbshaatpH 6.5. [0077] 151 n the case of using the
organi ¢ acid conmpound or the
Fig. 4 is a sectional view schematically showing one example
of overpolishing in a second polishing step.
Fig. 5 is a sectional view schematically showing a seam which
occurred after the polishing.
20 Best Mode for Carrying out the Invention
[0052]
(First Embodiment)
Hereinafter, CMP polishing liquids of the present invention
will be orderly described. A first embodiment of the CMP polishing
25 liquid of the present invention is a CMP polishing ligquid which
contains a medium and silica particles as an abrasive grain

dispersed into the medium, wherein a silanol group density of the

silica particles is 5.0/nm? or less; a biaxial average primary



i norgani c acid conmpound as the oxidized-netal dissolving agent descri bed
later in this specification, the pH nay nore preferably be 1.5 or nore,
further preferably 1.8 or nore, and particularly preferably 2.0 or nore,
fromthe viewdoints of easy suppression 20 of corrosion of the conductive
materi al and easy suppression of the dishing caused when the conductive
material is excessively polished. By keeping the pHw thin the
above-specifi ra nd| | s.easier_as. c ared to the case
o sty ongrast B ey e B L O BRI 34 TR 2RI TS %6 arfarhifo the
f avor abl L1 shi ' [ rdal a tor
of the barerar T The e e o aror b v a0 o esaat s e ther
preferably &5 5 065! 885, aarti aukarhxtpbef gEgbly 4 Q1 sligsss 599@&?3%5;*3' y
preferably 3.5 or less, and extrenely preferably 3.0 26 or |ess. 8]

In the case1of e€enhaising an am no acid as the oxidized-netal dissolving
agent described later in this specification, the pH5 may preferably be

wi t hisn theobeutral range. [0079] (1I11: Medium The medi um for the
CWP polishing liquid is not particularly limted insofar as the silica
particl es are TsshtRedliphanpgheid0idedtcordbug two ned dinreanémbod higemat er
as a main conponent is preferred fromthe viewoints of pH adj ust nent

easi nesshasafavgrablbactivicy mirhialpotiishedssonfacahibndythe tokpardlre
specifically, deionized water, ion exchange water, ultrapure water, and the
li ke are-pridfercragentspogdopolishingahigegdnied sisl vepebiaybé alddeiningt he
CwP polishiqg | iquid when so required. The organic solvent may be used as a
sol ubi | 1%y At e fRP L SR omporRpEIWRPENL PR RAREEY SoRLBFEIEESwatBre or for
t he purpose of ipproving wettability of t CMP polishing 20 liquid on the
ol 1 Dhe R e e PR h D T & ST VENRER re £ RECEREBEF | SAI NG PP aEAL B 1 he
present jnventi iS.n particularly limte ut those_which can be m xed
with vvatéelrnalg]?féi%@'e?zlrtre © and Oerso?éghlfng %%Idf\?elﬂtogqsrmy Béwégias BREDr in
COITbI natal aQLfl tSV%a(HOl r%u hq[—%qf—'OI—ﬁSLj%%%:Uty have a%ﬁ%#&% I(l)lg kt)g.‘? C())J‘IZ: gam ¢
solvent to be used as the sol ubilizing agent -include a polar Solveht“such

as an alieohole Andcd i R hu L SPy £10L L1e; PUrposes.-plsi nprgving the

wettability 27 on the polished surface and approxi nat1ng the polishing

speeds faicdheidquerliayars doglseclehices tand the barpier film-cexanphes,of the
organi ¢ sol vent include glycol, glycol nonoether, glycol diether, alcohol,

esteb caribonat eyattaici one, i etherly kedonel y phensl opsd di metdnd dargranide, s
n- net hyl pyrrol i done, ethyl acetate, ethyl |actate, and sul fol ane. Anpbng the
above, @sduesst tbaé 'Sel etiess ' Benpd heshi oy paoansilstd hgcohegl yeelad t ivpgoet her
al cohol , and ester carbonate is preferred. [0082] 10In the case of adding
t he or gdviah dol Vemreaseditentntofr tdaee ordbnl ecsiol vent 1 helyipy efpeadl y be 0.1
to 95 parts by mass relative to 100 parts by nmass of the CVP polishing
| i qui d. HPYe VEont 8A0CRay tnb? el iyt ek Y héloud tpacousy ynassaon porle,of
further preferably 0.5 part Qy mass or nore, fromthe viewpoint of
i npr ovi & Relishing speed and the stability when the size of the silica
20 particles is not within an appropriate range, it is considered
that the balance among the biaxial average primary particle
diameter, the association degree, and the silanol group density
is important.
[0054]
25 (I: Silica Particles)
(I-i: Silanol Group Density)
The silica particles to be used for the CMP polishing liquid

according to the first embodiment have the silanol group density



15 wettability of the CVE polishing Iiquid on the substrate. An upper
limt nmay preferably be 50 parts by nass or less, further preferably 10
parts by nmass, fromthe viewpoint of preventing difficulty in ternms of
production process. [0083] 20A content of water may be the balance and is
not particularly limted insofar as watlgr is contained. A so, water may be
used as a diluting liquid for diluting the CWP polishing liquid which is

t t i.bed later . in thi cificati t
Concent r BE1 B QT 581 09F6r  uLBLS 2a008upOCF P el har b S 7or2512 |
th | t] t doni bject,is 1 ttai h | i shi
Specs T Br AR BRnHeR e VAT T A okt PR Tt T S THPR ShaC Parenar,

the oxi d'};ﬁ@dcﬂﬁt 19§§§9%¥%%§19%viw e%%ﬂ%w a%h@i_réi-%% g@gggmy.

(hereinafter sometines r to as oxidi zi ng agen inc

conduct i ¥ge gt £5h&l %;b%e%ts%@dmgg ther £A561 YRS @ thepH, of) fhe VP,

polishing liquid is t he netal anticorrosive agent may be contal ned

for the puepesepdl, supphre3sdng dde, etiching: JSerminafters. 4 hegescompegent s
wi |l be described. [0085] (TV-i: Oxidized-Metal Dissolving Agent) The CWP
pol i shi ngattguudaol ythes psesieny 3.rventti on reys 1eopkaierally pestakapan

oxi di zed- net al di ssol ving agent fromthe viewoint of attaining favorable
pol i shi ng. 8 pertisrfbrss heé roet ahs vSwstpcastt be tdenduct i Venoatier iatcabdyehe
barrier film As used herein, the oxidized-netal dissolving agent is

defi ned dsebdesubscancéinhivt epaedibutes to dissolving the oxidized
conductive 15 material into water and includes those known as a chel ating
agent anbdC@mo &t ching agent. [0086] The oxi di zed- netal dissol ving
agent. is used for the purpose of contributing to the pH adjustnent and the
di s<8l ution of iR 2Pkt 1 VECHRE @R aFandli3npbt IparPi earatty (Pnited

i nsof ar as the oxigdized-netal dissolying agent s these_functjons.
Specific?%§%$%¥g§m H e 658 U 2H- R & 'éiﬁﬁ%$ﬂ%yag%%tf?%%?ﬂﬂ%gan organi c
acid conpgy%gtfggh as organic acid, organic acid ester, and a salt of
organi c acid; an inorganic acid conpound such as 25 inorganic acid and a

salt of i@@ @Fnic acid; and am no acid. The salt nmay preferably be, but is
not particularly limted to, an anmonium salt. These oxi di zed- net al

55y "3, DS L ogad 90ty e AN ) RGO By
may 18e Lﬁﬁ&kéd‘iﬂ”ﬂﬂdﬁﬂﬂéﬂheﬁ(MX}MQ]) of which a mass has been measured
and then dispersed into an appropriate amount (100 ml or less)
of water. 1In the case where the silica particles are in the form
of a dispersion liquid in which the silica particles are dispersed
into a medium such as water, the dispersion liquid is weighed and
20 poured into the container so that an amount of the silica particles
is 15 g.
[0057]
[2] Next, a pH is adjusted to 3.0 to 3.5 by adding 0.1 mol/L
hydrochloric acid, and a mass (Y [g]) at this stage is measured
25 to detect a total mass of the ligquid (Y-X [g]).
[0058]
[3] The liquid in an amount (Y-X)/10 [g]) of 1/10 of the

mass detected in [2] is weighed and poured into another container.



The oxidi zed-netal dissolving agent may preferably contain 5 the organic
acid conpound, nore preferably contain the organic acid, fromthe

vi ewpoi nts of maintaining the practical CWVP speed and effectively
suppressing the etching speed. Exanples of the organic acid include an
organic acid such as formc acid, acetig acid, glyoxylic acid, pyruvic
acid, lactic acid, mandelic acid, 10 vinyl acetic acid, 3-hydroxy butyric

acid, oxalic acid, ei c., acid, malonic acid, thyl mal onic acid,, |

G et gt Bl GHILE O LB Wb 7 A A £l (8] hei 4 Lt e BBl mai fc

aci d, succinﬁc ac{d glut?r%c acid, oxaloacetic acid, citric acid,

hemi mel [T¢i e a2 - ¢FimBIf10i% acid, trimesic acid, mellitic acid,
isocitrigp&§9?cid, aconitic acid, oxal osuccinic acid, propionic acid,
butyric acid, isobutyric acid, valeric acid, isovaleric acid, pivalic acid,
caproic acid, opfaqpis SE1ghaAdhRi GFlde PLELACA 3 GnsubELhLaaCity
azelaic acid, sebacic acid, acrylic acid, propiolic acid, ne %acry ic acid,
croteni ¢y ack&yu+SafLE ONi & Al RRNZ0ILC +3%lad, afBubknpafgkaedctd. 150 4.

i sophthalic acid, terephthalic acid, furancarboxylic acid, thiophene

car boxyla @ acinhl Mi eeUiRinChgakdxitds08bCat i BhCiatddiedltycaldi@saCkdpH to
salicylic acid, creosote acid, vanillic acid, syringic aci&, pyrocat echui c
acid, resobcydicracite genttsaciaci dampiecatechuic acid, orsellinic acid,
gallic acid, 25 tartronic acid, |eucine acid, nevalonic acid, pantoic acid,
ricinolei@@ejd, ricinelaidic acid, cerebronic acid, citramal ate, quinic
acid, shikimc acid, mandelic acid, benzylic acid, atrolactic acid,
melilotic acid5lpH or etdl/Iaciatiwounediexbes dyas 30ddededt dpw et dio cilid ei ¢
acid, ferulic acid, isoferulic acid, and sinapic acid;, and acid anhydride
of 6Pgarfikl &P §ehPrds wal el @ BANRRTRRS ter dpP orfine anmery e 0 fstediwn c
anhydri de, and, phthalic _anhydri de. Anong the above, it is preferable to
cont ai n 9% e 5B d@oddl e cEEY I PENE PReC R BUP 2 ores S g O8F 4f 8r kP c® ali d,
mal oni ¢ acgﬂﬁinqéhg acid, tartaric acid, citric acid, salicylic acid, and
adi pi ¢ aci & THese organi c acids nmay be used al one or in combination of two
or nore gﬂféf f. [0088] 10Exanples of the oxidized-netal dissolving agent

i nclude an i'norganic acid fromthe viewpoint of easily obtaining a high

pol i shing speed:f : n ' [ cific ggﬂp& e

i norgani c aci gl%l]n%{ uSI g%nﬁo%ﬁdgﬁ%ba%%f atc?lpeg é'sluic]hcag yd]fe%%: %ofrgl]c acid
and1pi tri L acifedipplend aci thispeh agpsubfyshc(dp. acid, chromc acid,
carbonic acid, nolybdic acid, hydrogen sulfide, sulfurous acid,

t hi osul furgezjacid, selenic acid, telluric acid, tellurous acid, tungstic
acid, and phosphonic acid; trivalent acid such as phosphoric acid,
phosphonol ybdipc =a@- i,/ 2peggsphot ungsty c aci d, and vanadi c acid; and
tetraval ent acid and acid having |arger 20 val ence such as siliconol ybdic
aci d, silircathmgstpreesciah yrophosphorter /acild, @apddsdrpd ywhdsphprdm aci d.
In the case of using the [norganic acid, the inorganic acid may preferably
be nitriroidrin. eNiveSesn Mot fahireracs dentmye BETuspdcalfonesorfraecandamat i on
of two or nore thereof. 25[0089] As the oxidized-netal dissolving agent, an
am Ab adiid iy IR tloht®ined from the vi ewpoi nts of easy pH adj ust ment and
attai ning high conductive material polishing speed. The am.no_ 31 acid is

3

not particul ariy tREnFRed WHFSOT &P cas L he2anf Aot atF e 45 dVederPed LRt Swat er,
S0l ebIE L RB TEnFaGRERES a8t & RECLEPar L Rt et He b heso LEREDG! ni o
RSt ai L pEab L) G11 e SH 5k T . PR S Hor G 2 e be
used al ong, Qf¢ 1d¥ G NALIAN O, LOWG.P o L &n {09 ¢ of the silica
25 particles is contained is weighed, and then the silanol group
density may be measured in the same manner as described above.

In the case where the silica particles are contained in the CMP

polishing liquid, the silica particles may be isolated from the



In the case of adding the oxidized-netal dissolving agent, 10 a content
thereof nmay preferably be 0.001 to 20 parts by nass relative to 100 parts
by mass of the CWP polishing |iquid. The content nay nore preferably be
0.002 part by nmass or nore, further preferably 0.005 part by mass or nore,
fromthe viewdoint of easily attaininglPavorable polishing speeds for the
nmetal s such as the 15 conductive material and the barrier film An upper
limt ma e .pnef - r erably
10" par  Sobp TaeRi Sy ERL¥ E R uRRELE, Ml pAsn N SE L b I BERLPE L
from t he; vi gupol,pts of sHEPLERSI AdnBkehLaggaRd -@88h ¥pRLeventing the
rougheni ng on the polished surface. 20[0091] (IV-ii: Metal anticorrosive
agent) [poe3]The CWP polishing liquid of the present invention may
preferably contain a nmetal corrosion protection agent having functions of
form ng a proteesiner fdddnforc protecdd rgddhe25 cgonduckivechapertatles
suppressing the etching of the conductive material, and preventing the
rougheni g dacddieesirnf ate BETespédef poldwhiang: sAzausedsheeekent mbehowt al
anticorrosive agent is defined as a substance which is capable of form ng a
pr ot ecti &g a 324dlMm omddrminonthic tnatsharht er issmpileewhisbd ial oheaihedi sy
possible to determ ne whether or not the protective filmis formed by

di ppi ng argangl eheavi hgcaheatohdbesi Vehhabherpal bei tamlinidad sblucioniof the
metal corrosion protection agent and conducting a conposition 5 analysis of
a surface @Fither8ahpl&, THe Tt eeti Ve ¢ | M ¥ FaeeR T o e het et al
anticorrosive agent is not necessarily fornmed in the %?Pépolishing liquid
of the pPrRRERFCTRVEMS dn. 2PE0EDFCSeti?ild EREHPMERT P het MetPq) minutes

ti i t include 10 a.tri d ' tri I
a0 LGOI 051 e SOEML | pel 4. 10,2, 411 BZol s.compound, having,2 frisalee
mol ecul e, & py 'trHedégl% ¢anpound havi ngd .3 ?' p2ghLel apg 0, opl ecul e,
an i m dazol'e conpoun ﬁaV|ng an |n1daz§le skeFetor I'n nglecule, a guani di ne

Corrpounds@ﬁffégg grggarﬂégégﬁexﬁgﬁke&fggfggt@l eq £ é@fﬁé@fgt,e Gpapound

havi ng a thiazol e conpound 1 n nole and a tetrazol e conpound having a

tetrazol g, coopeangd 4, apliecuke. 1 Jhese snetatr aPLE COT SRS e HAgQRES BBy Pe
used al one or in conbination of two or nore thereof. [0095] 20Anong the

above, theidginzekeeompoyndcis; pred efnedo anek sPechbheuexarplesahpes gof
include a triazole derivative such as 1,2,3-triazole, 1,2,4-triazole,

3- anbno-did 1t e 4néd s @zohent beazpl ¢i Azopeacadbenzat neazokemdeti valliveosuch
as 1- hydroxybenzotri azol e, 1-di hydroxypropyl benzotriazole, 25

2, 3- di candmxyps opyBEDesretifazoberfd4chydreayenzerepazbyensing a BET

4- car boxyl (- 1H ) benzotri azol e, 4-carboxyl (-1H )benzotriazol e nethyl ester,
4- car boxspgci1H § benrbree azote hatyheenent appardbxyl (PIfdybénranerazol e
octyl ester, 5-hexyl benzotriazole, 33 .
[1,2,3-H@N@%t¥2%9%lWQQQf@@%%§$?[@Y2¥HaF?i5Q6F9§+11ﬁ§thyl][2-e
thylhexylégnine, tolyltriazol e, naphthotriazole,

bis[(l-bb %ﬁ}iazonI)nethyl]phosphonate, and 3-am nobenzotriazole; and a

trl%éole deH\ggégg §%%?@%eas?¥£hg Q%anadensity calculation method is

disclosed in, for example, Analytical Chemistry; 1956; Vol. 28;
No. 12; p. 1981~-1983 and Japanese Journal of Applied Physics; 2003;
Vol. 42; p. 4992-4997.
[0065]
25 (I-ii: Biaxial Average Primary Particle Diameter)
As the silica particles to be used for the CMP polishing
liguid according to the first embodiment, when noting only the

capability of attaining the favorable polishing speed for the



5skel eton such as 1l-acetyl-1H 1, 2, 3-triazol o[ 4, 5-b] pyri di ne,

1H 1, 2,3-triazol o[ 4, 5-b] pyri di ne, and

3H 1,2, 3-triazol o[ 4,5-b] pyridine-3-ole [0094] A content of the netal
anticorrosive agent may preferably 10 be 0.001 part by mass or nore,
further preferably 0.01 part by mass opgonore, relative to 100 parts by nass
of the CWP polishing liquid, fromthe viempoints of suppressing the etching

of the conductive te |a| and preventin the heni ng_of the, surface
ot tor ot FSRT HEYSA S6 LRt uaper HEniT HaSLpreperahy be &bepa+%§015 by mss

I f bI furt
St e byPRREee B eI SR PP 2 PY: PR eRln ST Sty el RIS %w%%
f th
n;?gllaﬁ ¥$$%§§%g£?§é a??hggl??ﬁﬁf?gh%?acgfieﬁ%g%f%s ﬂ%§%¥d§ C§§%f%095]

(IV-iii 'bé/bé@-lnr{?)ﬂld'n?df%g %g‘ﬂ“a)n ué)ger _ﬂﬁ%t%g%kb% !fggl BQ' gO mt(g'f"

present invention may preferably contain a met oxi di zing agent having the

capabi | i t¥sof oxisd, zifg %é%@%ﬁdﬂﬁc%ﬁrﬂ@atl%% fiLrexampl es of the
25 net al - oxi di zi ng agent i ncl ude hydrogen peroxide, nitric acid, potassium

peri odat @i sy porhh eraus 1a¢iythn and MZOPE1 Wah ehg 1ANRIAG a\ﬂﬂdeme%@g@ébed
peroxide is nore preferred. These netal -oxidi zi ng agents maybe used al one
or in combimat icoh pofl itsivd nar sopeechber esfised 3y BMrGe thydb bgena pesoxifees i S
ordinarily avail abl e as hydrogen peroxide water, it is possible to use the
hydr ogerp peraxy dentatere as amedielrunaggelefardblin hde T ase 60f nusiwige tden CVP
polishing liquid of the present invention which is concentrated for storage
as 5 deszriey Lamet nayvimiefepeelfiksatZibonn po0gs]je, and an|wppée kiaskt where
the substrate is a sjlicon substrate including an integrated circuit
el edBnt ,Ma&Y it Lo RR ek i oh Wit ake@f kalliharstfdre alkaldrdssr the net al |
halide, or the like is 10 undesirabl e, an oxidizing agent which does not
contain salrWF]n TR 1Y & Cohidonetft }Psgl'tlejsrﬁ'eelalam\ﬁq%eer ecs‘irrfc“e REnpt et
change in co jtion. of ozone wat rea en per oxi is
oot oul TR Eth R0 Fa e TRRGFE LAY, SERBIRALE P or b ThEL Tokt o 51
agent IS S t.rat.e 0es not i nc 15 a

f"sc%de ené%l%ﬁl%u%% 1d Vg]éé:cﬂ: o.the é eak% c%/lem no onent

sem COI’]CP ctor e Zl ng agen C ntai ni ng nonvo

may be used i thoyt a@@!a(g'eo ﬁar Oégﬁ‘llgl% dlare%%é)f]tleé’]tse%f tbN8s

met al - oxi di zi ng agent may p era lto parts by nass I t|ve

to 180 pafts rR¥mmRAS 9imd e LV L0 thel b&@lxngll Lukdge The £ORL ey tr@cyl
preferably be 0.02 part by nass or nore, further preferably 0.05 part by

Mss or diiéstdx oMy heond o dtaldfy Peventi i R seduction in CWP speed due
to insufficient oxidization of the nmetal. Further, an upper limt may nore
preferabloods 30 parts by mass or less, further preferably 25 10 parts by
mass or | ess, fromthe viewpoint of preventing the roughening on the
surface to be Ipolthshedesemtt hevvease cof, usiendpilpdradgesv ey ipdei resrst he
oxi di zing agent, the hydrogen peeride water is added after converting the
hydr ogerpagsdrisKicddinaesersoR BBlhas chkchidiredes pesoxiided se Lbvimtad y
within the above-sge0|f|ed range.
20 on the results of observation of arbitrary 20 particles by using
a scanning electronmicroscope (SEM). More specifically, by using
colloidal silica having a solid content concentration of 5 to 40
wt% dispersed into water as an example, an appropriate amount of
the colloidal silica is weighed and poured into a container, and
25 a chip 2 by 2 centimeters square obtained by cutting a wafer with
wiring pattern is immersed into the liquid in the container for

about 30 seconds, followed by rinsing for about 30 seconds in pure

water in another container. After that, the chip is dried by



[0098] In the case of setting the pH of the CMP polishing liquid 5 to the
acidic range, the content of the oxidizing agent nay nore preferably be
within a range of 0.01 to 3 parts by nass relative to 100 parts by mass of
the CWP polishing liquid fromthe viewpoint of attaining the favorable
barrier filmpolishing speed. In the case where the pH of the CWP polishing
liquid is 1 to 4, the barrier 10 film polishing speed tends to be the

hi ghest when t he oxi di zi ng ent content i's about 0,15 part b{ nmass _.
Ther ef or BLOYABIoX} BF 99 gy éﬁ@% ReGhtéft Chay %ﬁr?#ﬁﬁe%ﬁ€¥€réﬁm§ Beh2l8epart s

b | f th f t | ti | |

o ol oy anfor 1 SER abEEHESE i RRST B PP E%‘Le%am%?i%a?ér5%2@98%%%%%? by

%sogz‘fi%@%e“v@%emﬂéﬁbr@o%%#’v afér% e Bttt AR e e P 0

present %stﬂ&ngg ;%vcga%%ltwg gﬁ&ﬁ%!&%ﬁ&@ @%bpoTheA%/EtPQL_!,S“' ng
cont al ni ng t he

liquid wat er solu ynmer i's capa attaining

eXCG%‘eniop8£k§589e§Uéié¢§eiéé£&8“f98maﬂﬁesHBQ&@ﬁéHanQ?QS'0“ at a portion
where mcrowrings are densely fornmed. [O 25A wel ght average nol ecul ar

wei ght of ot e wat er - sol ubl e pol ynmer may preferably be 500 or nore, nore
preferably 1500 or nore, further preferably 5000 or nore, fromthe

vi ewpoi nt of reat iexian@ltheihitgle pakkeshidig: speesk1 AbSEq san iuRPesrt i 8l és may
36 preferably be, but is not particularly limted to, 5000000 or |ess from
t he vi evippvatthef £ soh whicwint yn tFd o.he, EMRe podnghe Ng ilxvicguisttr ilded sepossgbée to
neasure the wei ght average nol ecul ar wei ght of the water-sol uble polyner by
gel per neatirgreichs ohtetogreaphy smder fashbof dlHagwkngpropddieiesrs byeusdong a
standard curve of standard pol ystyrene. [01011 (Conditions) Sanple: 10 ;AL
10 $Pands? & hsol 93359 el 1St ahuavds polHsny renel han peadtigled By Josbned.-

Cor poration (nol ecul ar _wei ght: 190000, 17900, 9100, 2980, 578, 474, 370,

266). Del%bécﬁ@otrtlw tsniless %ﬁ{&féééru@éoub%/ %J%Cé%‘rﬁcrlﬁ’cedi Tectads Rameas
L- 3000). nte rator:; GPC integrat manuf red bx Hi tachi, Ltd. Ja)strade
name: D% Bifp - El%@%em]a%aeﬂ 5 s Pt araq by v EE SAEHPTLL:

Ceaass N, SEVLpE o FiRies, BECHS. Crade mars) o mny ey (KR 0T Aecurga by
Htachi Chemcal, he bbdhindh }83'? YELEFRINSCLEY LB 1DE 8597 HSE LOHSEr
15 the 20 silica particles is called biaxial average primary particle
diameter in the present invention.
[0068]
(I-iii: Association Degree)
The silica particles used for the polishing liquid of the
20 present invention has the association degree of 1.1 or more from
the viewpoint of obtaining a preferred interlayer dielectric
polishing speed, and, for the same reason, the association degree
may preferably be 1.2 or more, more preferably 1.3 or more, further
preferably 1.4 or more.
25 [0069]
In the present invention, the association degree means a
value obtained by detecting "average particle diameter" of

secondary particles measured by using a particle distribution



El uent: Tetrahydrofuran (THF). Measurenent tenperature: 23C. 25F ow rate:
1.75 nL/mn. Measurenent tine: 45 m nutes. The wat er - sol ubl e pol yner
may preferably be, but is not particularly limted to, an acryl ate pol yner
(a pol yner obtainable 37 by polynerizing or copolynerizing a raw nmateri al
nmononer contai ning a 0=0- COON skel eton2as a nononer conponent) fromthe

vi ewpoi nt of excellent flattening property. [0102] 5Specific exanpl es of
the raw materi al gnnoner for obtalniTg t he acr¥late polgner i ncl ude a

car boxyl PEL&Ei GTBLEKIRY BRPyFYRaBEFdl THRENACATTFFELREI BETRPOt ORI R AR ES
vinyl acetic acid, .tiglic acid, 2-trifluoronethyl acryli.c, acid,.itaconic
aci d, fuNRPEE HAT 0T 6% SAA, T8i 11 SBOAPeC ati o redibaf 6 A i dfid a

gl uconi c ig. u ! Ci a s .

. aoryl aHiSot S RaE Ry B Bbahaetl PONE oY aBY a8 PEF*S0AN" XS RBEGT IR Y at e,

but yl_acpykat s oMt byl DBt hacLylatepaand-but vl .AELUROEYLOL 6] andaqsalt

such as an ammonium salt, an a met a an a m ne salt of

each sof %p§m§99v§agpp@ﬂ§r§ia$§£9;p3] Anong the above, it is
preferable to ctontain the nmethacrylate polynmer (a pol ynmer obtainable by

pol yneri zoogopr copol ynerizing a raw material nononmer containing

nmet hacrylic acid as a nononer conponent). The nethacryl ate pol yner may
preferably be mdré casti 2poepebselwchedstrermHevgr oy peeisicte damét @r
honopol ymer of nethacrylic acid and a copol yner of nethacrylic acid and a
nononer lwhi tThei Sothpabhe nétbopol VArene zatromewi tderdies niet hatjydtied doy d.

[ 0104] In the case where the nethacrylate polyner is the

copol ymewe R2Eh ohqg net happydbpriace dempdna abnbher CMAI phlishtapableudd,

copol ynerization with the nmethacrylic acid, a proportion of the nmethacrylic
aci d0t o &L 1oE RN MDHOIRMTE ReBdshingy lpaeidrably Wt &0 Ao rRer 8CaB T ess
than 100 nmol % nore preferably 70 nol % or., 38 nore and | ess than 100 noil .
It is poseibiertd stpprebitemel ey okf ol BNt e skanYasTwerirad by et her

i nprove the f|atness of the polished surface when the proportion of the
ot haer YT 010G REARGRd TG FE e a6t ETGR 81" F RebRet FACPSTT" aci d
.5 23% BAIRAT I cLels LR Lo oL Loqt el a5uplr £as, 18 2 051 o
deterioﬁ@5§@'pi£¥£&ﬂe size distribution meter, and a value obtained as
15 D50 is detected as the average particle diameter. Examples of the
particle size distribution meter of the dynamic light scattering
mode having the above-described function include a light
diffracting and scattering type particle size distribution meter
manufactured by Coulter Electronics, Inc. (trade name: COULTER
20 N5 TYPE). As described later in this specification, in the case
of separating or concentrating the CMP polishing liquid for storage,
it is possible to measure the average particle diameter of the
secondary particles by adjusting the sample from a slurry
containing the silica particles by employing the above-described
25 method.
[0071]

(I-iv: Zeta Potential)

As the silica particles to be used for the CMP polishing



An anount of "‘the nethacrylate polynmer to be added may 10 preferably be 1
part by mass or |less, nore preferably 0.5 part by mass or |ess, further
preferably 0.1 part by mass or |less, particularly preferably 0.05 part by
mass or less, relative to 100 parts by mass of a total anmount of the entire
conponents of the CWP polishing liquid23fromthe viewoint of capability of
15 inproving flatness while suppressing sharp deterioration of stability of
t he abra Lve.gra%gigontaine% in the.CWP_Bglishing Iiguld A lower Limt may
pr ef er abl'y B&o° DEFESHY B ¥SBF LRBr et NI pPREEFEDRY B 0519 &t 16§ mass
or nore, further prefera 0. 01 part / mass_or nor relative to 100
parts bypﬁﬁgéchst ﬁg FE): ;qﬂ%(?ogr%osglrﬁngoﬁ%tqﬁédeﬂ??’r%r%g%%lﬂéﬁt%e o*i‘5t f"IYéOENP
polishin Lqui f ie i f effecti Y. i . flat ness.
10108] (Becsnd EEBoRr Bnts A s erend e o diiant o™ e o SR Lheng 7 i qui d
of the 28xpeesetel A¥enLEADiLE 3:GYR PaLiahinghhay dacodtakningea medium
and silica particles as anabrasivegrai ndi spersedin otﬁene ium erein the
silica pastbebBsehaveithensi karak goeupndensicty1afc5. Q48R @K ilass; af he
silica particles are not subjected to any 39 surface treatnent; the

bi axi al aypeageipitmasynparphetecdiameieniafitbbe shhi ga pppkichesitsc60 nm
or less; and the association degree of the silica particles is 1.20 or |ess
or betweebolt A0 avicbrll 88s i[s0407 i S5Thet GMR podiishi ngdliighiichcaccakdinpyeto t he
second enbodi nent is capable of effectively suppressing occurrence of the
seam whi ¢h d sethedpherdrienon richaheaz¢ i gotess iefl ohtemVayemadieeiecindes in
the vicinity of the wiring netal part is decreased while attaining

f avor abl @ ot hehialy ashesdsifoe abbafrike (48 eo lasd ittee lilued, aperetiood
dielectrics. The reason for the achi evement of the effect has not been

ful i clafifiesIbat CPHRIiATeAPBRE assantdahsrtoplviise poipgspr with thg g
mechani s for _the occ rrenge of tHe seam it | s assuned that a reaction

| ayer formedPy St fBhdbétteanct e CondGct s &S Hredtitle BRdYReE,
conponent s gontgingdbég_thg.CNP pog&shigg.liggig Eﬁtrgctg the abrasive
grain by® el 2cttostalPesi it er 3Rt FoROTREr a8 5UrE8GIY, "PRE-abrasive grain
containeg 6?%Lhe CWP polishing liquid is highly concentrated on a surface
boundary %e en the wiring netal part of the conductive material 3 and the

interlayer 20 g eliectricsede fASy@nf£SY! tenthe.po e[$@]M{h the

( Q@é%{t iﬁif
excessive abrasive grain Is present Is excessivel pol 1 shed to cause the

seams Exaampdese @b ke 1canpReURd.f opbi pg1t Bei hgactd o hare! Juie ydee byt are
not limted to, the conductive material, oxidized-netal dissolving agent,

metal andsd cos rost ¥en agent & e Nty 25n veh 1 + $0b bt ige Pt YoBF eméRL094mpSe of
descri bed above, the silica particles ordinarily have 40 Since the

hydr ogenl atxam 9 hotheossid‘anpk Ot eupeis hatrehyid sassonicateart devibe aepsi c
range and the neutral range, the zeta potential of ordinary silica
parti cl eseadss stoght s yopossecordprwicioseitothzeronitofevercpubyikgephag t he
silanol group nunber within 5 the small range of 5.0/nn2 or less, it is
possi bl eCantigdRet saneetpPpdeentd dhewhpthovsng desrgye olsin)i vedvadueife. g. 5
nV or nore) in the acidic range. =
20 theé diluted CMP polishing liquid into a zeta potential measurement
cell. In order to keep the scattering intensity within the
above-specified range, the CMP polishing liquid is diluted so that
the amount of the silica particles is 1.7 to 1.8 parts by mass,
for example.
25 [0073]
Various silica particles which are varied by the silanol

group density, the biaxial average primary particle diameter, the

association degree, and the zeta potential are available from some



[0110] In general, a barrier layer is fornmed for the purpose of 10
preventing diffusion of the conductive material into the interlayer

di el ectrics and inprovi ng adhesi on between the interlayer dielectrics and
t he conductive material. Since the barrier layer is positively charged in
the CWP polishing Iiquid, an abrasive g#ain concentration on a boundary
surface of the 15 interlayer dielectrics near the wiring netal part is

reduced due.to el ectros G-I ion_of. the. pasiti.vel h ilica
particIeg}fkﬁ?tﬁéé%légééigq(%fégqﬂéﬁf’pgggi%Pe§£ﬁ§$§h¥ﬁéy5%%??gggogn%ﬁ%arge
zeta pot ial, a jye k ant i S ach other to be
satisfaé?%%??% %%5%%r§%3§$%tEgﬁﬁgﬂ%ﬁpﬁ%of#ghTﬁgggéc |%§f§: t her eby
suppressifg@;aggregation of the silica particles at a specific position. It
is assuned that the seamis suppressed by the synergy effect of the
above-descri begh &f f e $0 Hhkovepe ldfMitheokittheasph anob1 gk pugokieast L ynamy
preferably be, but is not particularly limted to, 1.5/ nnRornore fromthe
vi ewgoi néi 0f ceasyr2bc avai sabh | 48 yfuh®d14] 1 Tbe zed acpbiehda bl s0fichenay
abrasive grain may preferably be 41 or nore, fromthe viewpoint of nore
ef f ecti viee sead, sbpprigssicol.l Ji0kI2} 1 Bingel § priesecarsl feord Hehati etvheo S@iam
suppression effect is caused by the electrostatic synergy between the

i nt er| ayef ayadilelédtitivest shet bel barda ks ildayperhantng hdcabpesd vepgraf Fedt he
above-descri bed action and effect can be | ost when the polished surface is
subj ect e tanal SincEc@enf LaY minitaxehfdnaWREATEHE SHA BN BRI GREGLF HeHBREST 4 s

wi thin the above-specified range. Therefore, in the CVWP polishing |iquid of
the secodFeFbdbl MRnicIieR abfasFee? 10°HPRFAeto D& Jdid M mitlistibitted to
any_surface treatnent. Als%,,it is,consjdered that the interlayer .

i oL-Bct 1 Epbf Cant iG FE5S6d tah ERb: 8br d6P6 e grar NPGF ShePOr o SEaBT 1119 t end

to be unsatisfactory; due o, the, surface Lrealment . [0113h 1540, uged herein,
the surface ]?rea? nent” i YA treat Aent of ~obt At ni ng pom?ivefy c}ﬁarged

coIIoidqé éiéé@@r?y?ﬂPQiiyé”?a@?é%?ég?l silica surfaces with an am no

group-containing silane coupling agent. However, it is difficult to attain
the satipgd@espry interlayer dielectric polishing speed with the use 20 of
the surface-treated colloidal silica. [0114] On the other hand, the
mechani smfer ¢hecpotj shing of the interlayer dielectrics is considered to
be the sane as that described in the first enbodi nent. Mre specifically,
t he185 interl ayeordicgltectr tEe af &i palpshed:bys g, prefaracaly pel Bshithg
action which is a physical contact between the interlayer dielectrics and
t he siligal panrtischesasEheesatica tpat 00 gdeas shhyimgpss of the CMP polishing
liguid. Favorable polishing speed for the interlayer dielectrics
tends to be attained when the content of the colloidal silica having
the above-described properties is 3.0 parts by mass or more, while
20 aggregation and sedimentation of the particles are more easily
suppressed when the content is 8.0 parts by mass or less, resulting
in attainment of favorable dispersion stability and storage
stability. As used herein, the content is an amount to be mixed
in a state of being prepared for use in the CMP polishing step
25 (means POU: point of use) and not an amount to be mixed for the
separation or concentration for storage described later in this

specification.

[0076]



| ow silanol density contain | ess non-reacted -Si-OH groups 42 existing in
the particles, and, therefore, a Si-0-Si structure in the silica particles
is satisfactorily densely devel oped. Therefore, it is assuned that the
interlayer dielectric polishing speed is increased since "hardness" as
polishing particles is 5 relatively inggeased. In contrast, the silanol
groups in the surface-treated silica particles are nodified by an am no
group-contai ni ng silane coupling agent or the like to be positively-charged
silica péF?chEg which are bulky. It is considered that satisfactory
interlayer dielectri olishing 10 speed_is _not attajned sipce the obtained
col | oi dal silitash %§a§?£hfﬁé%§ii§qgﬁ§ ?£|§P?v8F§S?85/1ﬂ$?8ﬁé82"18f t he
particles, [0115].1n the.CMP pali.shin i qui d.,accordi t h nd
enbodineﬁ?? ?ﬁée%%éﬁga?y§¥ﬁf§gggéFi%8%%$%%$?ﬁbe%l F%ﬁgggngélgbggﬁgﬁﬁ$or

l ess in r L qul e i, .t [ l,aye el eGl.ri l.i shi ng
speed an%E?ﬁéﬂgggﬁ$gzﬁ%?§sgﬁgﬁ%§%%nggufﬁgﬂﬁ?gg%5?%%€%€§§§'ng! %58%%§ticle
di anef er 5 iS¢ gOr §oPE 6H8RE0L Y qrQqniber ol eS8 ohecaYsE fhet hRLEAMGyEEASON as
descri bed above. It is assumed that, when the biaxial average prinmary
particl eqdi aget et c2QU:S @b gei shheg ubes paf-rhaktf ClessRRYs Aide VObYUE, | S
reduced to reduce a physical contact with the relative insulation film

t her eby makifHigpridreidfliculd kbepathaipori st hgfadaty foid kaenceéhaxttdeve
pol i shing amount. 25[0116] Al'so, in the CW polishing liquid
accordi ngaterihe secoainedhodi ttentgo tiehabrasifisecegraidnthavbagrihe £ilm
associ ation degree of 1.20 or |ess orbetweenl. 40andl.80 is used. Wen the
associ attonfa4@radégr veliissl. Zoror $wess, vieaeho bits hea abit ast vehgr@iih
particles exists as one grain particle. In other words, a state of the
graild papeltsling lalwsld P Hrsplesrent| N comt + &S Mavwiehl ¢ heb hg Secvathbn
degree is between 1.40 and 1.80, two abrasive grains are conbi ned (not
aggr egat @4 FormrE e pEanite Sl F NEnee- shapereitras ¥iied fRhtNefe
favorable ipterlayer dielectric i shing speed is attained singe_,

sati st actBré: preITeie GO ot WH e FHEer oy 8F 1816l BaPPFcas| SOy
attai ned_by. t he ihage gf tge grains. 10[0117] O her features and
preferre%sn%%%§ ?a hg CRP polishing liquid according to the second

enbodineréé are approximately the sane as those of the CWP polishing Iiquid
of the f rsz enbodi nent. However, it is preferable to use the conpound

havijg the trigzolg 15, skeleton; as the HP&&ﬁié%&?@f&&ﬁ%&@négéPttifléomthe
vi ewpoi nt of the capability of effectively suppressing the seam by the

syner gy whéPgdhec abeagi ¥emghbaha, a dndhe apRNG: 9t BehStal hgi 88 8l i ARGt LgORT OSi ve
agent may particularly preferably be at | east one selected fromthe group

consi st i s ©f i benzeivdaz el €h and2HHlc 2 B § itdzobB s prblpyprdf8eab] §118]
The reason why benzotriazole and 1H 1, 2, 3,triazol o[ 4, 5-b] pyri di ne anong
vari ous wetlals ant moaer, osiivehageptsfarebparl i € Wmamoyeexeakbl pattiouseany 25
suppression has not been fully clarified, but it is assuned that nechani cal
cont act pfefdrealaby adi ¥ eogmaine witdent héchydrdaoy nsgr bacess pes weene s ieon
conductive material and the interlayer dielectrics is suppressed due to the
pr okéct i v ditreswbrerd $he oenducdrimed mafgrial and easy suppression of

the dishing caused when the conductive material is excessively
polished. By keeping the pH within the above-specified range, the
handling becomes easier as compared to the case of strong acidity.
Also, from the viewpoints of capability of attaining the favorable
25 polishing speeds for the conductive material and a conductor of
the barrier film, the pHmay more preferably be 5.0 or less, further
preferably 4.5 or less, particularly preferably 4.0 or less,

considerably preferably 3.5 or less, and extremely preferably 3.0



on the conductive material by the action of the anti-corrosion agent.
[0119] The CWP polishing liquid of the present invention has the 5 high
interlayer dielectric polishing speed as described above, and it is

possi ble to obtain various types of CWVP polishing |iquids by changing
amounts of conponents to be added ot hetethan the abrasive grain, such as

t he oxi di zed-netal dissolving agent. Therefore, the CWP polishing liquid
has the great characteristics 10 of having the wide margin as a CWP
polishingrliaﬁFd material . Mre specifically, in the conventional exanples,
when a tg@g Qg a content of one of conponents of the CWP polishing |iquid

i s changed ?o i nproving one of the properties, there is a tendency that

the delicate bal apge-bel ween,1he; ¢ %Re%ﬁlcj)%cqidsé%Jp&th%do;{de]:;e&l%g{é rate

one of other properties. For exanple, when a type of a conmponent 1s changed
for i nprevkeg:¥lagnessnof aasepibageratLeriRothshi Bge.cihe-polbshi nge speed
which is the nost inportant factor can be reduced. [0120] 20However, since
t he eof f ety obrenbamei pdoé heipelhshhagneetfer maasge(particularly the
pol i shing speed) is inproved by the silica particles in the CMP polishing
liquid ofoohe] present invention, it is easy to adjust various properties
(e.g. property other than the polishing speed) by using one of other
conponent 811 2oMé&drurexanpl e, by changing the type and the anount of one of

t he conponents descri bed under the (1V.: O her Conponents), it is possible
to obtain variBusmegdem §0rONFe SV shil hghihqul dsuidhissnetapsrithatlahby
interlayer dielectric polishing speed is not. 45 influenced by a change in
pol i shi nhiBpeed Fvtoide zondiRtFielemtRiTaiches barei @Fshetard bhzled BREt he
conventional findings. Therefore, by changi ng other conponents based on the
knowd fiTeihys, Obt af AiemtUBf CAN s LY T highty SePetli GeMBRRPbI +3hi ng

liquid 5 of _which the rrier nmetal polishi speed. i s _higher than the

| nter | ayRoEF B ELATE SO CRPHGCLREE DY PROCSRTRRS 228 HORE s eT Lot Ve VP
pol i shing. I i.gui f._whic | Shing f t barrjer al and the
interlay%%a%?% g%frﬁ%gﬁa$é£§iﬁ$?%? %nggﬁ'o%%%rpgg ?éc?riﬁgﬁ%a. 10[ 0121]
Furt her, i 0 l.1.shing: Liqui sent . | i on,
Gimce | 1776 oSSt BIE 16t tal perhes Tel ot vars BT GR i B orl ayor -G Bl bet i ¢
pol i shi ng; speed,. by e retativel y-bowaopunt of the abrasive grain to be
added, the CWP polishing liquidis 15 advantageous fromthe cost point of
views O (gmeupse, it is possible to add the abrasive grain to a degree which
is free frominfluences of aggregation, sedinentation, and the like.
However, sinceut begamakl sabvunt mdy ttheadbeastyetgr avp pslsehihgieijuid t he
CWP polishing liquid of the present invention, it is possible to 20

concent raten tdre GVR1podd shiTing |dropsind & ¢ cd viengh meondentusstd ars faor t ransport
or storage thereof. In short, "slurry" at |least containing the silica

parti cl esolanl ol oy agepltural Btgorgfortemdivhiive 13 dairds'y ovlukdi¢ toi vt egent s
contai ning a conponent other than the silica particles are separately

pr epar e & We t§LoPeEPCAAIC DS RISV Hi% " bied itld e ods éaef BYP tirel VR Ng

polishing step. [0122] (Storage as Separated Liquids) It is possible to
adj 48t t 1ﬁ6$ﬁ§h¢ﬁ§ ?ﬁéé@ e T5&Fer FRA CHB2VaFusChyeRbntai Hidd-¥he

Gosr | btP SHUVES LMD O St o o SUhny 1175, S Lo BT | Ra byt IEFLE can
ts)'?agie][ ie,[l;ionqiatteecg, %tt r%%o%reelwihqicr}]larc%nniaéi HQXeldnw?&qevrvaégr aélroé dpgehferdriescp,er sion
and the organic solvents may be used alone or in combination of
two or more thereof.
25 [0081]
Examples of the organic solvent to be used as the

solubilizing agent include a polar solvent such as an alcohol and

acetic acid. Also, for the purposes of improving the wettability



5 deterioration, it is possible to separately prepare a slurry at |east
containing the silica particles froman additive liquid containing a
conponent other than the silica particles (e.g. conponent which can
deteriorate the dispersion stability of the silica particles) of the CW
polishing liquid of the present 10 invention and to store them separately.
[0123] For exanple, in the case where the CWP polishing liquid
contains the silica particles, oxidized-nmetal dissolving_agent,

met al - oxPauEPﬁgpaééﬁ ednéyaﬁasﬁt?esrﬁB§F9él§aéﬁﬁg hRe mﬁﬂéﬁhlng $Bepds
possi ble_to se store the netal -oxidjzing agent_which can |nfluence
Br the. dFERekr oSty X%Wl@rlet%ﬂsqﬁ s Bé?tk?%rl”ejself “t'héxé‘F“[Pi éa o
partlcle§ In s 8&% <h tposs;@le to_separa E Shlﬁ
into a s&I'Gt 6 contalnlﬁg f5 9 Fﬁlzlﬁgygﬁ nPOSHS e§Vu9 3
cont ai ni gg %Hsrmgié@h&@rg chﬁ5§§tgsa%%egﬁfﬂ hS2OL NG BIENL, TPt @

anticorros;ve agent; and water torage as Concentrate) Since fhe

pri y s 2 g density
R T p e T o R s TR G

present ig¥eatkonaAiesW tHimné he mhoue-drseiRed Langeaskt ohs 99§§b9é§ to
attain the relatlvely hi gh |nterlayer di el ectric polishing speed with the

rel ati vekyom4he malcdupagpusi sof nghef ahrasilvacgbat Rer andl cder ethoeestbe
silica particles can be contained in and dispersed into the nediumat a
hi gh concenboattenisAnrapperedimt of content of the conventional silica
particles is about 10 parts by nass relative 5 to 100 parts by mass of the
medi um eVed8hen the dispersibility is inproved by the conventional nethod,
and aggregatlon and sedi nentati on occur when the content exceeds the upper
| i M0, Howeverln thepapss oY arBsndrthppagenicheosventa pacmtends ofothe used
for the CWP polishing liquid of the present invention can 10 be di spersed
into theoﬁ%%?hﬁﬁxéﬁﬁﬂﬁb@éﬂTHQG%%?%%lb}“hﬁsé & 1°eB3TBP hEESs| Febaparei cles
can eaS|I%ﬁQ§)congalned in and dispersed.into the nmedium Al so, about 18
parts by® BAT ﬁeb¥FW¥¥hogéF?? M PRar She “Gont A hed ﬂﬁ“hﬁﬂnﬁﬁ§ﬁe@%%d

into the nmedi umfa i ndi cates t hat

liquid of " thé15 ?%% rﬁ%:ﬂﬁ?ﬂ?ﬁ%¥ %ﬁh“ﬁgssg5r@8r§hd ?Fg%gﬁo$¥%%65%QEYCMP
i g4 Lo Sonfe0L el 8 JJPeWh!EEQlHtQR Wpobiapi o9 llnggael's pLghly

concentrate I'S COI’]SI er abl vant ag eou Inter ITB rocess.” For

exangl e, wé@tmﬂ%%foéhy@wgpwfs@f%aqgua@' ke%u&@@é@! n'A@lgu}?%QPrts

by mass of the silica particles possi ble to concentrate

pol i shi ng; thi Gwag Q& B 318 O} gewggﬂkg%y RAsE YT §é@£ age and 1§ a0sPeLty , Thus,
it is possible to store and transport the CWVP pol |sh|ng | i quid concentrate

of whi chid heeonegnheakl, 0oros 8né ot ibwo 1Y & ObrekenEVRgpal Fshiengeli gyid in
use. O source, it is possible to concentrate the slurry in 25 the sane
manner itetle abovescdesciobedrstosage as separated liquid to be stored and
transported as "concentrated slurry". [0125]

[0083]

qU|d

20 A content of water may be the balance and is not particularly
limited insofar as water is contained. Also, water may be used
as a diluting liquid for diluting the CMP polishing liquid which
is concentrated for storage as described later in this
specification to a concentration suitable for use.

25 [0084]

(IV: Other Components)
In the present invention, the predominant object is to attain

the polishing speeds for the conductive material and the barrier



48 | east containing 10 parts by mass or nore of the above-described silica
particles relative to 100 parts by mass of the CMP polishing liquid
concentrate, an additive liquid containing the conponents other than the
silica particles, and a diluting liquid are 5 separately prepared, and
these liquids are mxed just before thggpolishing step or supplied while
adjusting the flowrates thereof to attain a desired concentration for
polishing, t hereby obtaining the CVWP polishing |liquid. Exanples of the

di | uti ngtHPui ¢ ncl ude st dhe axichgad@cdsllveatscandng aogntrandothent of
wat er and 10 organic solvent, Also, the diluting,liquid may contain the
conponed?%t%%h%¥l@héhn?h%g§FFié%eﬁﬁﬁF?EFEE,S%ﬁﬁ,l?%? ExSRpFed Fp £8

ible t tel the OVP pol.ishing |iguid te, .
Pyl oger Bar bt 08 YRTEY s Sa " BEF e 1T COHE &R PG T RE WEE A CEx i 21 ng

agent angan AddiLiue |l g 419 conpaL Ol g, Lhe rest of e, companent

o
the case Where the“drsper §ion s No riorate n tRe
o S ve LAl e rated |
condaet kT Rer BRa Sr T PE e e Bar o R e SR
Use) the é%ckﬁf‘n@psﬁiebcleﬁﬁapfﬂ&e,l F%@Qﬁ’cﬁﬁﬁﬁ%ﬂé’%l%@%és}?&yﬂ%d] quid

of the present invention for a polishing step for production o

sem condpgd®%) substrates and el ectronic devices. Mre specifically, it is
possible to use the CWP polishing liquid for 25 formation of wirings on a
sem conducy-of : sosdf 2é@-MEOAL7Hi Fob1exagphgent) IS possible to use the CW

polishing liquid 49 dielectrics. [0128] As one of specific
pol i shi ng net Mtds @8 ngp 1t heh CMP piodiw sdi o) theu e ofntt henpeesent mawywent i on,
the polishing method conprises: 5a first polishing step of exposing a
bar iPer di¢heexpbsi tontabaran erxidl nedrmat zbnvexspbritenadynpof ishitipe a
conductive material of a substrate conprising interlayer dielectrics having
a concavel9areinh ﬁnétfﬂﬁéné@@véﬁvﬁéﬁbﬂérp@lﬂﬂﬁh@%lﬂﬁ%jes tfieer 8be matrel s
barrier filmcoating the interlayer dielectrics along the 10 surface, and
the condi®h & neteriatdeobt Yagre et bat rie? Fre mrdyrier| Fhdtt hdTotiesle
portion; and a second ] i shing step. of exposin the,in%erla r dielectrics
of the CUTVER pOTHT GR-HY: FOITERT PG CHeBat 1 TEra97hm & FEALtoonthE convex
portlon'sdﬂ%%é?%x?% g%%‘ggA%EllQgegqudissolving'the oxidized conductive
15 material into water and includes those known as a chelating agent
and an etching agent.
[0086]
The oxidized-metal dissolving agent is used for the purpose
of contributing to the pH adjustment and the dissolution of the
20 conductive material and is not particularly limited insofar as
the oxidized-metal dissolving agent has these functions.
Specific examples of the oxidized-metal dissolving agent include
an organic acid compound such as organic acid, organic acid ester,
and a salt of organic acid; an inorganic acid compound such as
25 inorganic acid and a salt of inorganic acid; and amino acid. The
salt may preferably be, but is not particularly limited to, an

ammonium salt. These oxidized-metal dissolving agents may be used

alone or in combination of two or more thereof, and the organic



15 so-call ed overpolishing, in which a part of the convex portion of the
interlayer dielectrics is polished to be flattened, nmay be perforned.
[0129] Exanpl es of polishing nethods in the case of preparing the 20 CW
polishing liquid of the present invention in the concentrated state to be
stored as the CWP polishing liquid conggntrate include a polishing method
characterized by conpri sing: a rirst polishing step of exposing a
barrier filmexposing a barrier filmon a convex portion by polishing a
conduct i @@d25that énpabasicaasibst Pate thenprilsiongCiint @alvaper ugied! éetri cs
havi ng a concave portion and the convex portion on the surface thereof, the
barrier FPPRLEG&LPAg the interlayer dielectrics along the surface, and the
conductive material coating the barrier filmby 50 filling the concave
portion;[0087] a mxing step of preparing the CWVP polishing liquid by

or' e CVP ool shind Ti b, | . o Leed ey

i tPve 11 qui BESGP B GP e GRRoEig 13 GRPR Al PRE SABALEC8CR fui o
d d Li.shi ng. st ' ' i el ' E th

M R T R e e R
tion. _Lngthj he i tD; RY; ugh. & 1ethod 1t

R i e T e

and the Ljke-are-suppl eéluéﬁ'f@é':gfhfe@% al 1P ) NG Ref okgakhe csecendne
polishing step is started so that the CW polishing |liquid concentrate, the

di | utingokignid, athe addiddeard badbdicandithgudh ks Fogmlicxgdib) acsystem of
the second polishing step. Also, as the mxing step, a nethod 15 of
preparingcte EMopol i shiayd )| imuhdr befariel t Necdeondipgl inshtisgist epiby
m xi ng the CWVP polishing liquid concentrate, the diluting liquid, the
addilti vevingli dcetand &hed} i Rehpdyoke knployedaci0130kaExanpted, ohalhic
conductive material include a copper netal 20 such as copper, a copper
al | oy, aacosi deadpntoppeid, andthrlorideiocf agidepgemeshlydpalantgngstidn net al
such as tungsten, tungsten nitride, and a tungsten alloy; and a substance
mai nly cPRtBRrALAPRSIIvErRBR TGS aClanpAMaRi e EHE Fetlalc e6nflai ArAgihhe
copper netal as amain conponent _is preferred, and the netal containing
copper 23°3d, H i F KoRpFRenPXRsORBEE LFr 2F &F 1 &0 L EPe 266 Ad URET VRS ht BE Fal
may be forngd into flfiln1b &yn wn s ulterLQQ, plﬁtin%, or the Iike..LOlBl]
acid, ’ , mel

51 trimelllitic aci rimesic aci 1itic acid, 1soclitri

15 acid, aconitic acid, oxalosuccinic acid, propionic acid, butyric
acid, isobutyric acid, valeric acid, isovaleric acid, pivalic acid,
caproic acid, octanoic acid, adipic acid, pimelic acid, suberic
acid, azelaic acid, sebacic acid, acrylic acid, propiolic acid,
methacrylic acid, crotonic acid, isocrotonic acid, benzoic acid,

20 cinnamic acid, isophthalic acid, terephthalic acid,
furancarboxylic acid, thiophene carboxylic acid, nicotinic acid,
isonicotinic acid, glycolic acid, salicylic acid, creosote acid,
vanillic acid, syringic acid, pyrocatechuic acid, resorcylic acid,
gentisic acid, procatechuic acid, orsellinic acid, gallic acid,

25 tartronic acid, leucine acid, mevalonic acid, pantoic acid,
ricinoleic acid, ricinelaidic acid, cerebronic acid, citramalate,
quinic acid, shikimic acid, mahdelic acid, benzylic acid,

atrolactic acid, melilotic acid, phloretic acid, coumaric acid,



Exanpl es of the interlayer dielectrics include a silicon coating, and an
organic polyner film [0132] Exanples of the silicon coating include
silicon dioxide, 5 a fluorosilicate glass, an organosilicate gl ass
obt ai nabl e by using as a starting material trinmethylsilane or

di met hoxydi net hyl si |l ane, siliconoxynitgpbde, silica coating such as hydrogen
si | sesqui oxane, silicon carbide, and silicon nitride. [0133] 1O0Exanpl es of
t he organi Lymer . filmppclude an organosilicate . glass uysing .,

L1 ot by EPP ARG ot st BF ETRbS mE et St AT K oP R CRGWA G e eBBfl ¢
film such .an_al l.-aromatic,Lowk . film (all-aramatic | ow dielectric

|t or | 2y &P ERSE A TSRO S A i SR gaRos i A s g Faete e
preferre : fi can. f y : i i hg, dip i ng, or
R B T At
concave paRLheRde[ 0l3dindhebarkier {11 bscfrerapdf o5 ddie PUW RESE9E ¢
preventing 20 diffusion of the conductive material into the interlayer

di el ectrbss 38UebOBHOYBE @ﬂ@eﬁkgﬂpb@bﬂéﬁgtihg bateskayeradigl eghrbgscand
the conductive material. Exanples of the barrier filminclude a titanium
met al sugbias rid liahniawmnd,t thavhuicdid deitand actdl agd uim el 1 Owcial,t apgal um
nmetal such as tantalum tantalum 25 nitride, and a tantalumalloy; and a
rut heni uadipial asudh aBhess henjam angc ads utdrebpeinuadd oyl omeadot hesse may be
used alone or in conbination of two or nore thereof. Also, the barrier film
may be actmpinateohi b twel adi ngrewsherepbre | ayers. 52 [0135] As a
polishin? aggaratus in the case of polishing by using a polishing pad, for
exanpl e, [&@P89i di nary polishing apparatus including a hol der capabl e of
hol di ng a substrate to be polished 5 and a_platen to which the polishing
pad 1% attachéﬁ?aWWﬂ%ﬁ1Q§stg@nﬁéé@éaegﬁmﬁtﬁ%t%ﬁs%ﬁlY%ﬁﬂwqg@éﬁbﬂnﬁﬁpéﬁ the
nunber of rotatjons ia ghangeable,is usabl e_ As tEe golishln agh ﬁn

or di nar y*HORWOVER #abfi T oRhEdY pEIYUrBEhaheS2Por BuSPFRUBIPHe r 8SFR, or
the Iike be used without .particular. limtati.on. 1Q[0136]

Pol | shi ° Lora BY orie S o ot By Pevered L bus P LR o6 FoTaRT B
speed of | . C - 1 r | i.S.preferr.ed t t
substrat® dois MEE YT e AN iraenty dPREyShig aF L B 1510
100 kPa,, ot 6101 6F £ 30l Bnli0n 50,18 KBy ] Bi0hden tt o-satd sy J3uppi gssion of
fluctuation in CMP speed in one substrate (in-plane CVWP speed uniformty)
and1fl atness, ahlrainedadyqg eldaFRaticoac o0&, uRe) RSSc Y| Gy MR PEESEN e,
before the polishing (pattern flatness). [0137] 20During the polishing, the
CVP pol i sl hgrdh g &l d s woddutunusly sstippl ised end ot Beipgl tehingipagcby, usi ng
a punp or the like. A supply anmbunt is not limted, but it is preferable
that a stefhceocws atchel, pohngdt hg apad!, i sndlphayspheooner @di sy tthr itviad c@Pacid
polishing liquid. The substrate after the conpletion of polishing 25 may
pref er abdyclbez subjespledrio awshi nghasbhomd i hod unne ngd wablee sphetovas t of

wat er droplets adhered to the substrate by spin-drying or the |ike, and
dryi ng. a¢idsapdefarabie acs dddand e tsaystlegtitea 9agd Bindga s @ praafitner Lahger
poIE%hing step according to the present

valence such as silicomolybdic acid, silicotungstic acid,
pyrophosphoric acid, and tripolyphosphoric acid. In the case of
using the inorganic acid, the inorganic acid may preferably be
nitric acid. These inorganic acids may be used alone or in
combination of two or more thereof.
25 [0089]
As the oxidized-metal dissolving agent, an amino acid may

be contained from the viewpoints of easy pH adjustment and

attaining high conductive material polishing speed. The amino



53 invention. [0138] Herei nafter, nodes of enbodi nents of the
pol i shing nethods of the present invention wll be described in nore
details by using 5 specific exanples of a wiring |layer fornation step on a
sem conductor substrate shown in Fig. 3. O course, the polishing nethods
of the present invention are not linmtegg to the foll ow ng nodes of

enbodi nents. [0139] 10As shown in Fig. 3(a), interlayer dielectrics 1 of
silicon dioxide or the like are lam nated on a silicon substrate 6. Next, a
surface ®8Fighési peerPayéicuilaréyt Fiestpd preeéasedsbihenpméprPngckrons nmeans
such as re5|st | ayer formation, etchin and the_like to form concave
portlons d7SpelBetr aFECeXpbsEd 589t?8ﬁ§%fﬂﬁ §X3BPHREJENBFRPhed patifer n.

IS B A IR s %3&%&%4’%%%%2; P

or the Iik overin the interlayer. diel for d.al an the onvex
and conca@g %or%lo S onIFhe 5&% %Eénﬁy %gé ep05| Gom, g&@ﬁa t%% [ike.
20[ 0%40] 4 i lve i 3
made 7 ron 506 g e B Eéﬁéégagf@’%lsé%h%a e d%P%%@tt%nr

pl ating, ,&YO nor éﬁﬁidﬁfﬁ%dﬂl}&yChTﬁe@%nﬁﬁﬂnésa&Qdé'&A&f&ﬁ?u%%@CQYQnQOBE'Ons
to fornta substrate 10 which is to be subjected to the 25 polishing nethod

of the pigseptpiAyenbhopr dBickpesses. of the interlayer dielectrics 1, the
barrier film2, and the conductive material 3 are preferably about 10 to
2000 nm [aboot 1 to 100 nm and about 10 to 2500 nm respectively. 54
[0141] Hereinafter, a nethod of polishing the substrate 10 fornmed by
t he above- descin é@ netkodt byddisnggHehexGhR zpal-mehiaigdl squildiofy ddhenpr esent
invention will be described with reference to Fig. 5 1. The conductive

mat i al a 3comtensutfiacecdbf maiepsabsrealaiy 16 0f OFigtolla)pestpobishedsby CWP
using the first CW polishing liquid of which a conductive material/barrier
film pol Fehgvspeed ¢atraris Batastactiotey M gelirbisg porbshingTBeep) .
Thus, a substrate 20 having a desired conductor pattern, in which the
barrier @?nheqeH§Wbﬁ0tﬁe9%%%%%&bbbttt n 8%:R%ﬁtéhb@%?aﬁéfmerexp%%%eheg

shown in Fi %éf% Qg the onductlve mat erj al g bei n emaj ned in, {he
concave E%ﬁf%% aP e, 5@@ﬁ§ﬁdﬁh8°6ﬁ e PEsHt %bmﬁl i onstly
slight anmpunt_of the co ctive terlal r t _of
bar U o TP v e B IR Sﬁo%edésx%sre Aot insasBRh: 2% %h%ot

sho #ﬁp0¢¢8 & il r@%ﬁ Qg&tﬁﬂéBQrE§89'  ff, §1B§§§§U£u&ﬂ¥ﬁﬂgr

cap _ i ng t e conductive material, suc € 1S no enatlc
at al ' ' Qra 158y 8l 85 98 Rar by Qrfastéqgrclct%démtfw%h@tﬁfé@éré& r epoy Lk
[0142] The second pol i'shi ng step in which the obtai ned conductor pattern

i's polishechakys uei D8sthes MR Rold shy Ra-d g 06 phecprdsenrts or less,
from the viewpoints of suppressing etching and easily preventing
the roughening on the polished surface.

20 [0091]
(IV-ii: Metal anticorrosive agent)

The CMP polishing liquid of the present invention may
preferably contain a metal corrosion protection agent having
functions of forming a protective film for protecting the

25 conductive material, suppressing the etching of the conductive
material, and preventing the roughening on the surface after the
polishing. As used herein, the metal anticorrosive agent is

defined as a substance which is capable of forming a protective



invention, is perforned. In the second polishing step, by using the second
CWP polishing liquid capable of polishing the conductive material, the
barrier film and the interlayer dielectrics, at 25 | east the exposed
barrier filmand the conductive material in the concave portions are
pol i shed. Thus, as shown in Fig. 1(c),3t2he polishing is term nated when the
barrier filmcovering the convex portions is renoved to expose the entire

interl ayer dleleﬁtrlcs 55 1, thereby_obtaining a substrate 30 after. the
term natioft 6 the BOPFYRFAEE TRECEUBSLTARE URP R the te%%m%%eof
pol i shi rein the cond ctlve ri,al _3 is enbedded into

Phe concBeheHIToRe o TR (5 Gt En S CHAEC oA Byt et Sr et ERAREPG1S | he
barri er f%ar&%%he ng% 2t .a bo%q%%r% %urfaﬁ {ﬁg%m§§ the cg ductl%g

mat eri al ayer el ectrics

possi bl t g@% BT 4 f r VQQ#! bot h
of the f e(i%és)tng%vﬁ %%T |<%gﬁl i quli éjnrgg?gng %ﬁ(gggglrﬁ%%dpgl I ng |Oc?ui d,
but, si n ordefs 10 it bl bzerbbe sharactenisid csTat hayiogcibe f;@l’x@rfacprln?ed
pO|IShIng speed for the interlayer dielectrics, it is preferable to use the

CWP pol isshi@ Hd akitd 10bnthecpresent bBvant tamat heasisas: i hersacand VP
polishing |iquid. 15[0144] In order to ensure nore excell ent

fl at nesgHen dMre lbsdHiate 130nafd esf tites teradarat i ovait poh j shi ng,
overpolishing (e.g., in the case where a tine required for obtaining the
target pd&xa%In in the second polishing step is 100 seconds, polishing for
50 20 seconds in addition to the 100 seconds of polishing is referred to as
50% over pol i skipeg) fiwybeapel bor aedfomegelli shtAgotooaidept henncindiung a
part of the interlayer dielectrics at the convex portions as shown in Fig.
4. 10145 BT Higy coa.npqu portingh 8 onladileh thrlovar pol irhlegis a
performed is |nd|cated a dotted line. [0146]. 56 are further fornmed on
the net &YLAZITg Q¥M%%@- QYT | DR IR E %ﬁﬁﬂQW€1§§m¥%ﬁ%ﬁP1%r#%peated
for a predeter ned nunmber. of tines, there

duct
L obstr R S aBelP el Rurbar v T A D s ard S i el e o 2

imidazole compound having an imidazole skeleton in molecule, a
guanidine compound having a guanidine skeleton in molecule, a

15 thiazole compound having a thiazole compound in molecule, and a
tetrazole compound having a tetrazole compound in molecule. These
metal anticorrosive agents may be used alone or in combination
of two or more thereof.

[0093]

20 Among the above, the triazole compound is preferred, and
specific examples thereof include a triazole derivative such as
1,2,3-triazole, 1,2,4-triazole, 3-amino-1H-1,2,4-triazole;
benzotriazole; a benzotriazole derivative such as
l-hydroxybenzotriazole, l1-dihydroxypropyl benzotriazole,

25 2,3-dicarboxypropyl benzotriazole, 4-hydroxybenzotriazole,
4-carboxyl (-1H-)benzotriazole, 4-carboxyl (-1H-)benzotriazole
methylester, 4-carboxyl(-1H-)benzotriazole butylester,

4-carboxyl (-1H-)benzotriazole octylester, 5-hexylbenzotriazole,



The CMP polishing liquid of the present invention may be used for polishing
a silicon oxide filmfornmed on a wiring board having a predeterm ned
wiring, a glass, an inorganic insulation filmof silicon nitride or the

| i ke, an optical glass such as 10 photomask, |ens, and prism an inorganic
conductive filmsuch as ITO optical ipgegrated circuit, optical swtching
el emrent, and optical wavegui de each of which is fornmed of a glass and a
crystal line nateri al, an end face of an optical fiber, an optical single
crystal &lichr asPepratriraperl-a-8efnyl) dder é.ﬁ@pézeayérérmemsyéh[@Eg
sapphire suﬁstra for blue I?ser a_sem conduct or si ngl e crystal such as
Si C, GaPrR¥RNACEAASATANG ak8L¥ hstrapies oPaﬁﬁﬁﬁgFFéaaP% r and a substrate of

he |ik h |'i shi f th
i1 con BonpOLRATF TR {OFwbl GRoLRE LERPEBAANGEGr SOBSL rate. 30 Exampl es
[0148] am1n§§£§£8§£{n§£©l%%rpd’ gsej{jjhazonlveggl ?Ln lee I?aevgr?icwgfgig? ed by

COI’]] unct| on w resent rnvention i

the %Xar@]h_gfetﬁé &9&149315 Q&E’c Ii 5’%'@?&5‘90%8?@‘1% BQQ%E? ﬁé"e grain

di spersion stabilities varl s’ were i nvesti gate i §hing the

filns usi}qlgltfle3cg/f>l§9&1§t1w ng-1 i }?ykgdgﬁgorghgg to the first enbodl ment of
the present i1nvention % 1: Preparation of CWP Polishing Liquid

Concentrate), 2, 3~ trla'@opop@pgabppprlalﬁepg%geby bass of malic acid as an
oxi di zed- netal ~ di ssol vi ng agent and 0.6 part by mass of benzotriazole as a

nmetal antdec®4yosive agent were placed, and X part by mass of ultrapure
wat er was added, followed by stirring 10 and m xing to dissolve the
conponent s. Ed&khraftesd lodi dak skektadasnAitorRoshoenaganTabiespie farBivas
added in an anount equivalent to 12.0 parts by nass as silica particles to
obt aPn @V pab 1 shiplg BY qua g concente at Bstther reee féealeby | 00 @hlpatt ilgas had
different solid contents (Ccontents of silica particles the X part by nass
15 of ult¥¥piTe "Ratcer FRaAS CArchPat B8 PR SUdY Damennér t ﬁa@Mﬁrp%ﬁb’imﬂ%f t he
CWP polishing liquid concentrate becane 100 parts by nmass. [0151] (1-2:

Pr epar att o ot CfI\)FQTF’oW%th%WH’_‘i”qulﬁ%i)oﬁ'oS‘i@@r%%?%%gb h‘?ra%%‘:]@ﬁn?h‘é e

l'ishi d t 20 200 ts, b f. ult
e S S el B S LR R it
b s%.hyd d ded tt
et e kR el R Lt

pre%re b% R §h11%95 3%&2 %r%ffe'?&%g%}b % ak&e 18 and 23,£0

npl es o 1 rage primary’ par |ce

?. ?rre; ﬁrpx(@er@ol%ﬂ M&é blyGusdl back & eaa(_@%ﬂarqysﬁéf@éaﬁwpp%' ty
P by mass or less, from the viewpoint of keeping the polishing speeds
for the conductive material film and the barrier film to practical
polishing speeds.
20 [0095]
(IV-iii: Metal-oxidizing agent)

The CMP polishing liquid of the present invention may
preferably contain a metal-oxidizing agent having the capability
of oxidizing the conductive material. Specific examples of the

25 metal-oxidizing agent include hydrogen peroxide, nitric acid,
potassium periodate, hypochlorous acid, and ozone water, among

which hydrogen peroxide is more preferred. These metal-oxidizing

agents may be used alone or in combination of two or more thereof.



58 average particle dianeter of secondary particles, an associ ation degree,
and a zeta potential (C) of each of the colloidal silicas are as shown in
Table 1 to Table 3. [0153] 5(1-3: Measurenent Method) The
characteristics of each of the colloidal silicas in Table 1 to Table 3 were
exam ned as described bel ow [0154] (1})4Biaxial Average Primary Particle
Dianeter (R[nm) 10 An appropriate amount of a |iquid of the coll oidal
silica was poured into a container, and a chip obtained by cutting a wafer
with patIerrRed YEFoHy" i PRECPHEResS ZOB?lQaEé%Yi%%%%%b%ﬁu%?ehmgoa?%ped into
the liquid for about SO.Eeconds and then tratqqsf rred to pure water in
anot her ROME M F 6 1 Hhst hd Fo+ LECcBRAs e 8 YASPEENeRC hY X 4P TR B
bl owi ng ni tr n, . After that., e chi s _placed a_sampl e hol der, for
Scann bt erearr g fe cEheliBen bRy Ot B Pbl i e SR IR ST bt age
of 10 kV. y\@? i 0. I I e. of t] Llic
particl es a %pf%aégfﬁ%% cﬁﬁ%ﬁég?ﬁ%%g%go%QF?%IE%%%S%%%% %%)Jg ?%%g%(%é a?%i trary
20 29 pagdd ol aseyer g ool eeted; s ASoshowncipi K 9. 2, a rectangle
(circunscri bed rectangle) 5 which was disposed in such a fashion that a
| ong di ajeieg) thereof was the | ongest while circunscribing a silica
particle 4 was derived. By setting the | ong dianeter of the circunscribed
rectangl e 5 asipX taiyd casshaiHeH aimd eyudhereof 25 assividdie disdadtaver age
primary particle dianmeter of the particle was cal culated from (X+Y)/2. The
oper at i dmwiasd iconduci rete d oat @ et rofuitthel 2fest | idaqracbhcbasnaandnani @ver age
val ue of the obtai ned values was detected to be used as the biaxial average
primary arb®lgearti cletai ametlerli [@155) (i@)a BETh&Speds f i @r Sur¢ atekdrea SBET
[m2/g] The colloidal silica was dried at 150C in a drier, pulverized 5 by
usi hg a Wsrassrrakai®y tHerr Ay ansing rageno whhehsiveremt cedptajptt@ry vacuum
deaeration at. 120C for 60 m nutes, a multipoint nmethod of utilizing
ni t r oge M YEE HslorHEPBRORES Lpet FEEHEG by HSYRYSH, BET SSheeMPPE2d T TEe ar ea
measur enent appar,at,usﬁGgNO\/ﬁ\- 1200; manuf actured by Yugsa | oni cs, Inc.j%?i
10[ 0156]*1{ P SN G Eup DersPHS (T § nub8r FAR] JYATOIeN REFPYLTY t he
col | oi dal scinl i ca ib sucl} an.amount t hat an amount of .the silica rticles

9 :quu'i d

cont ai né¥ 5 The \%as?hfS cﬁs\ﬁay}\%egh&f Sa%)&tgaﬁ?f R Pf’é”ﬁ i"f was
dj ust 0, - i, t.h |.Qri j t ent
adj us e%{l%%aioa&%@ﬁﬁse%g%?u}é‘% éa dgir‘éfgé.% QG &G ch’r%[ggesssnSQrﬁr?&ud

equi val en 0 I qui d was poured i anot her cont ai ner

ghrg??hléa{%s%@&@h%@eﬁ g%l%%rﬁo'aé%{fyag%%%n%%ﬁ?%r%%m}gatl]gelfﬁilt%?ﬂ u21 t ot al
amount  BRGAMR k508 Amdrint hes ) ikl aas, adi st eth o Qe wi th
[0097]
A content of the metal-oxidizing agent may preferably be
0.01 to 50 parts by mass relative to 100 parts by mass of the CMP
20 polishing liquid. The content may preferably be 0.02 part by mass
or more, further preferably 0.05 part by mass or more, from the
viewpoint of preventing a reduction in CMP speed due to
insufficient oxidization of the metal. Further, an upper limit
may more preferably be 30 parts by mass or less, further preferably
25 10 parts by mass or less, from the viewpoint of preventing the
roughening on the surface to be polished. 1In the case of using

hydrogen peroxide as the oxidizing agent, the hydrogen peroxide

water 1s added after converting the hydrogen peroxide water so



20 a 0.1 nol/L sodi um hydroxide solution to obtain a titration sanple.

[ 0157] To the titration sanple, the 0.1 nol/L sodi um hydr oxi de

sol uti on was added dropwi se until the pH reached to 9.0, and an anount of
sodi um hydroxi de required for changing the pHfrom4.0 25to0 9.0 was
detected (B [npl]). [0158] 60 Avogadrgsnunber (NA [nunber/nol]) were
assigned to the follomjng expression (1) to calculate the silanol group
density. Also, Ais 1.5 [g] as described above. [0159] 5 B. NA/ ASBET (1)
(in the E&@Fe§§?th@{§96RMPFﬁ9ﬁ%@?/hﬁlPlFém@hélﬁvﬁgéaia gbﬁb and SBET
[M2/g] is the BET specific surface area of silica particles). (4)
Aver age PAPYPcPReBrahBteF2B¥CSecondary Particles and 10 Associ ation Degree
A neasurgﬂﬁga sanple was prepared by diluting 0.5 g of the CWP polishing
liquid c {rate with 99.5 g of water (1 200 dilution). The neasurenent

sanpl e was nea%ngﬁg by Using gégeﬁ%@(t%! %ac%lgg&d%ﬂ%sca erlng)iyghld

particle size 'S butS oY meter trade name:

e eac L8 Ah DY ld SnBECL RN GReoh s AR NAIARLEND 485 Aoed 23

an average partic di arvet ér secondary partl erred
to as average-pailigl %«l%ﬁr}?tae&)mgzhsfaye@ 2098 rzs%ta'&' epd ﬁgggefeml% vi ded

by the biaxial average primary particle dianeter to obtain the

associ atton odeghees UPHEGk of the P LAtiaHRLNE ﬁhd.frontthéxﬂﬁ@@#@
sanpl e was pregared 88 diluting the polﬁkﬁlng | i qui d obt ai ned by "I-

Pr epar até omtafa iGMA P alhes ibng rdb1ki Haidiei-nf SUEHA @IREYS stleati.scahteré ng
intensity of the neasurenent sanple in a neasurenent device (Delsa Nano C
manuf act aa e whye rideckami €6t CMPImel ) shnbrsg 1i0xtE@41 s d 500X 104 eGpsr r Mor e
specifically, the measurenent sanple was obtained by diluting 61 the CW
pol £8hi ngf 1m gud di st iy mpreedvdteerds rrosbehtaenhmngbesthabed. THe partdi hingmass
of the colloidal silica was contained in 100 parts by mass of the CW

pol i shi rgenggeateand 1 ReoHEdS U eRBAL BamrpEe - waBh T %@7@64 iFhg etdiporenti al

measurenent cell to conduct
agent content may further preferably be 2.5 parts by mass or less,

further preferably 2 parts bymass or less, particularly preferably
1.5 parts by mass or less, considerably preferably 1.0 part by
15 mass or less, relative to 100 parts by mass of the CMP polishing
liguid.
[0099]
(IV-iv: Water-Soluble Polymer)
The CMP polishing liquid of the present inventionmay contain
20 a water-soluble polymer. The CMP polishing liquid containing the
water-soluble polymer is capable of attaining excellent polished
surface flattening and suppressing erosion at a portion where
microwirings are densely formed.
[0100]
25 A weight average molecular weight of the water-soluble
polymer may preferably be 500 or more, more preferably 1500 or
more, further preferably 5000 or more, from the viewpoint of

realizing the high polishing speed. Also, an upper limit may



5 the neasurenent. [0161] (I1-1: Polishing Speed) The follow ng 3 types of
bl anket substrates (bl anket substrates a to c) were polished and
washed under the followi ng 10 polishing conditions by using the CW
polishing liquid obtained by (I1-1). [0162] (Bl anket Substrate) Bl anket
Substrate (a) 15A silicon substrate omghich silicon dioxide having a

t hi ckness of 1000 nmwas fornmed by CVD. [0163] Bl anket Substrate (b)

A silicon substrate on which a tantalumnitride filmhaving 20 a thickness

of 200 AR FRIIBE bYus PR PEFIRRY - 0164 L BIlaAKELISEPs R AL pr 1ess A
For med By QT EeriRIPO25L01o510 (PO .CH hG CERANIA SRE) SPOTFh Al Sasing.
appar ot us; (AP Bl ghfs Sl ol Lo Ueputact o, by AT e} .62
rmanuf aCtvyarteedr—bQ/ol%%@ %%qyﬁ%%siaypégi %%L%Oetaattiio%n cN%%S%bg%%%mynunder the
5 following conditions by using a standard curve of standard

polystyrene.

[0101]

(Conditions)

Sample: 10 pL

10 Standard polystyrene: Standard polystyrene manufactured by Tosoh
Corporation (molecular weight: 190000, 17900, 9100, 2980, 578,
474, 370, 266).

Detector: RI-Monitor manufactured by Hitachi, Ltd. (trade name:
L-3000).

15 Integrator: GPC integrator manufactured by Hitachi, Ltd. (trade
name: D-2200).

Pump: L-6000 (trade name) manufactured by Hitachi, Ltd.
Degassing device: Shodex DEGAS (trade name) manufactured by Showa
Denko K. K.

20 Column: GL-R440, GL-R430, and GL-R420 (trade names) manufactured
by Hitachi Chemical Co., Ltd., which were connected in this order
in use.

Eluent: Tetrahydrofuran (THF).
Measurement temperature: 23°C.

25 Flow rate: 1.75 mL/min.

Measurement time: 45 minutes.

The water-soluble polymer may preferably be, but is not

particularly limited to, an acrylate polymer (a polymer obtainable
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CWP polishing liquid: 300 mMm/mn Polishing time: 90 sec for bl anket
substrate (a), 30 sec for blanket substrate (b), and 120 sec for bl anket
substrate (c). A polishing speed for each of the three types of blanket 10
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to detect the polishing speed for each of the filns. The neasurenent
results gf golishing.sgeed are shown.in Table 1 to Tablz 3. %0166] 15Fi | m
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Fil mthickneSses ore an er the pofli "each of the bl anket
substratepghpjand the bl anket substrate (c) were neasured by using a netal
filmthickness neasurenent apparatus (Type VR-120/08S manufactured by

Hi taghi Kokusagp&teet &idkandiGed or2bnandu Retpek hshidibspead Westdehested
froma difference between the filmthicknesses. [0168] (11-2: D spersion

Stabi |l i tyhEvaktuglbes) pob3mer inclbaehaotatbex@MPcpetighsaghl hgukdrylic
concentrates prepared in (I-1) was stored in a thernostat bath at 60C for 2
weeks, aaditiheneprnasentet aisiehic eroft osadi gentatviony bfacadiriasieve dgr ai g1 was
confirmed by visual exam nation. Al so, an average di aneter of secondary 5
parti cl escafit é1-tthief Istraget il eheydost atidatiftagon80G o, Zuveeks aasd,
measured in the same manner as described above, and a particle dianmeter
growt h ragéci Gl eafearanéd dyLdi Viedpegriker aldr age particsind cdé ah@t er
after storage by the average particle djianeter before storage. 10[0169] The
restt s arefSROWRGHY FaBReAS 26 CTaBrE iSO ETHSIEE YIP T Op& NERapIo8 ijoacid;

ester such asmethyl acrylate, butyl acrylate, methyl methacrylate,
and butyl methacrylate; and a salt such as an ammonium salt, an
alkali metal salt, and an alkylamine salt of each of the above
monomers.
15 [0103]
Among the above, it is preferable tocontain the methacrylate
peclymer (a polymer obtainable by polymerizing or copolymerizing
a raw material monomer containing methacrylic acid as a monomer
component). The methacrylate polymer may preferably be at least
20 one selected from the group consisting of a homopolymer of
methacrylic acid and a copolymer of methacrylic acid and a monomer
which is capable of copolymerization with the methacrylic acid.
[0104]
In the case where the methacrylate polymer is the copolymer
25 of methacrylic acid and a monomer which is capable of
copolymerization with the methacrylic acid, a proportion of the
methacrylic acid to a total monomer amount may preferably be 40

mol% or more and less than 100 mol%, more preferably 70 mol% or
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more and less than 100 mol%. It ispossible to suppress the erosion
and the seam as well as to further improve the flatness of the
polished surface when the proportion of the methacrylic acid is
increased. When the proportion of the methacrylic acid is less
5 than 40 mol%, it is difficult to effectively suppress the erosion
and the seam, and the flatness of the polished surface tends to
be deteriorated.
[0105]
An amount of the methacrylate polymer to be added may
10 preferably be 1 part by mass or less, more preferably 0.5 part
by mass or less, further preferably 0.1 part by mass or less,
particularly preferably 0.05 part by mass or less, relative to
100 parts by mass of a total amount of the entire components of
the CMP polishing liquid, from the viewpoint of capability of
15 improving flatness while suppressing sharp deterioration of
stability of the abrasive grain contained in the CMP polishing
liquid. A lower limit maypreferablybe 0.001 part by mass or more,
more preferably 0.05 part by mass or more, further preferably 0.01
part by mass or more, relative to 100 parts by mass of the total
20 amount of the entire components of the CMP polishing liquid, from
the viewpoint of effectively improving the flatness.
[0106]
(Second Embodiment)
A second embodiment of the CMP polishing liquid of the
25 present invention is a CMP polishing liquid containing a medium
and silica particles as an abrasive grain dispersed into the medium,
wherein the silica particles have the silanol group density of

5.0/nm* or less; the silica particles are not subjected to any
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surface treatment; the biaxial average primary particle diameter
of the silica particles is 60 nmor less; and the association degree
of the silica particles is 1.20 or less or between 1.40 and 1.80.
[0107]

5 The CMP polishing liquid according to the second embodiment
is capable of effectively suppressing occurrence of the seam which
is the phenomenon that a thickness of interlayer dielectrics in
the vicinity of the wiring metal part is decreased while attaining
favorable polishing speeds for a barrier layer and the interlayer

10 dielectrics. The reason for the achievement of the effect has not
been fully clarified, but the inventors assume as follows.
[0108]

As a mechanism for the occurrence of the seam, it is assumed
that a reaction layer formed by a reaction between the conductive

15 material and the components contained in the CMP polishing liquid
attracts the abrasive grain by electrostatic interaction, and,
as a result, the abrasive grain contained in the CMP polishing
ligquid is highly concentrated on a surface boundary between the
wiring metal part of the conductive material 3 and the interlayer

20 dielectrics 1. As a result, the boundary surface in which the
excessive abrasive grain is present is excessively polished to
cause the seam. Examples of the compound forming the reaction
layer include, but are not limited to, the conductive material,
oxidized-metal dissolving agent, metal anticorrosive agent, and

25 water-soluble polymer.

[0109]
As described above, the silica particles ordinarily have

a silanol group (-Si-OH group) on a terminal (surface) thereof.
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Since the hydrogen atom in the silanol group is hardly
disassociated in the acidic range and the neutral range, the zeta
potential of ordinary silica particles is slightly positive or
close to zero. However, by keeping the silanol group number within
5 the small range of 5.0/nm? or less, it is possible to impart a zeta
potential which is a large positive value (e.g. 5 mV or more) in
the acidic range.
[0110]
In general, a barrier layer is formed for the purpose of
10 preventing diffusion of the conductive material into the
interlayer dielectrics and improving adhesion between the
interlayer dielectrics and the conductive material. Since the
barrier layer is positively charged in the CMP polishing liquid,
an abrasive grain concentration on a boundary surface of the
15 interlayer dielectrics near the wiring metal part is reduced due
to electrostatic repulsion of the positively charged silica
particles. Further, since the silica particles have the positive
and large zeta potential, the abrasive grain particles repel with
each other to be satisfactorily dispersed into the CMP polishing
20 liguid, thereby suppressing aggregation of the silica particles
at a specific position. It is assumed that the seam is suppressed
by the synergy effect of the above-described effects. A lower
limit of the silanol group density may preferably be, but is not
particularly limited to, 1.5/nm® or more from the viewpoint of easy
25 availability.
[0111]
The zeta potential of the abrasive grain may preferably be

5 mV or more, preferably 7 mV or more, further preferably 10 mV
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or more, from the viewpoint of more effective seam suppression.
[0112]

Since it is considered that the seam suppression effect is

caused by the electrostatic synergy between the interlavyer

5 dielectrics or the barrier layer and the abrasive grain, the
above-described action and effect can be lost when the polished
surface is subjected to a surface treatment even when the silanocl
group density is within the above-specified range. Therefore, in
the CMP polishing liquid of the second embodiment, the abrasive

10 grain to be used is not subjected to any surface treatment. Also,
it is considered that the interlayer dielectric polishing speed
and the abrasive grain dispersion stability tend to be
unsatisfactory due to the surface treatment.

[0113]

15 As used herein, the surface treatment is a treatment of
obtaining positively charged colloidal silica by modifying
colloidal silica surfaces with an amino group-containing silane
coupling agent. However, it is difficult to attain the
satisfactory interlayer dielectric polishing speed with the use

20 of the surface-treated colloidal silica.

[0114]

On the other hand, the mechanism for the polishing of the
interlayer dielectrics is considered to be the same as that
described in the first embodiment. More specifically, the

25 interlayer dielectrics are polished by the mechanical polishing
action which is a physical contact between the interlayer
dielectrics and the silica particles. Thesilica particleshaving

low silanol density contain less non-reacted -Si-OH groups
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existing in the particles, and, therefore, a Si-0-Si structure
in the silica particles is satisfactorily densely developed.
Therefore, it is assumed that the interlayer dielectric polishing
speed is increased since "hardness" as polishing particles is
5 relatively increased. In contrast, the silanol groups in the
surface-treated silica particles are modified by an amino
group-containing silane coupling agent or the like to be
positively-charged silica particles which are bulky. It is
considered that satisfactory interlayer dielectric polishing
10 speed is not attained since the obtained colloidal silica has a
low density and relatively low "hardness" of the particles.
[0115]
In the CMP polishing liquid according to the second
embodiment, the biaxial average primary particle diameter is 60
15 nm or less in order to simultanecusly attain the interlayer
dielectric polishing speed and the seam suppression effect. The
biaxial average primary particle diameter is more preferably 50
nm or less because of the same reason as described above. It is
assumed that, when the biaxial average primary particle diameter
20 is large, the number of particles per unit volume i1s reduced to
reduce a physical contact with the relative insulation film,
thereby making it difficult to attain a satisfactory silicon

dioxide polishing amount.

25 [0116]
Also, in the CMP polishing liguid according to the second
embodiment, the abrasive grain having the association degree of

1.20 or less or between 1.40 and 1.80 is used. When the association
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degree 15 1.20 or less, each of the abrasive grain particles exists
as one grain particle. In other words, a state of the grain
particle is close to a sphere. 1In contrast, when the association
degree is between 1.40 and 1.80, two abrasive grains are combined

5 (not aggregated) to form a "peanut shell-like" shape. It is
assumed that the favorable interlayer dielectric polishing speed
is attained since satisfactory physical contact with the
interlayer dielectrics is easily attained by the shape of the
grains.

10 [0117]

Other features and preferred modes of the CMP polishing
liquid according to the second embodiments are approximately the
same as those of the CMP polishing liquid of the first embodiment.
However, it is preferableée to use the compound having the triazole

15 skeleton as the metal anticorrosive agent from the viewpoint of
the capability of effectively suppressing the seam by the synergy
with the abrasive grain, and, among others, themetal anticorrosive
agent may particularly preferably be at least one selected from
the group consisting of benzotriazole and

20 1H-1,2,3,triazolol4,5-b]lpyridine.

[0118]

The reason why benzotriazole and
1H-1,2,3,triazolo[4,5-b]lpyridine among various metal
anticorrosive agents are particularly excellent in seam

25 suppression has not been fully clarified, but it is assumed that
mechanical contact of the abrasive grainwith the boundary surfaces
between the conductive material and the interlayer dielectrics

is suppressed due to the protective film which is firmly formed
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on the conductive material by the action of the anti-corrosion
agent.
[0119]
The CMP polishing liquid of the present invention has the
5 high interlayer dielectric polishing speed as described above,
and it is possible to obtain various types of CMP polishing liquids
by changing amounts of components to be added other than the
abrasive grain, such as the oxidized-metal dissolving agent.
Therefore, the CMP polishing liquid has tﬁe great characteristics

10 of having the wide margin as a CMP polishing liguid material. More
specifically, in the conventional examples, when a type or a
content of one of components of the CMP polishing liquid is changed
for improving one of the properties, there is a tendency that the
delicate balance between the components is disrupted to

15 deteriorate one of other properties. For example, when a type of
a component is changed for improving flatness of a surface after
polishing, the polishing speed which is the most important factor
can be reduced.

[0120]

20 However, since the effect of enhancing the polishing
performance (particularly the polishing speed) is improved by the
silica particles in the CMP polishing liquid of the present
invention, it is easy to adjust various properties (e.g. property
other than the polishing speed) by using one of other components.

25 For example, by changing the type and the amount of one of the
components described under the (IV: Other Components), it is
possible to obtain various types of CMP polishing liquids. This

means that the interlayer dielectric polishing speed is not
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influenced by a change in polishing speed for the conductive
material or barrier metal based on the conventional findings.
Therefore, by changing other components based on the known findings,
obtainment of a so-called highly selective CMP polishing liquid

5 of which the barrier metal polishing speed is higher than the
interlayer dielectric polishing speed or, in contrast, a
non-selective CMP polishing liquid of which polishing speeds for
the barrier metal and the interlayer dielectrics are similar to
each other is facilitated.

10 [0121]

Further, according to the CMP polishing ligquid of the present
invention, since it is possible to attain the relatively high
interlayer dielectric polishing speed by the relatively low amount
of the abrasive grain to be added, the CMP polishing liquid is

15 advantageous from the cost point of view. Of course, it is
possible to add the abrasive grain to a degree which is free from
influences of aggregation, sedimentation, and the like. However,
since the small amount of the abrasive grain is sufficient in the
CMP polishing liquid of the present invention, it is possible to

20 concentrate the CMP polishing liquid to a high concentration for
transport or storage thereof. 1In short, "slurry" at least
containing the silica particles and one or a plurality of "additive
liguids" or "diluting agents" containing a component other than
the silica particles are separately prepared to be stored, and

25 they are mixed to be used for the CMP polishing step.

[0122]
(Storage as Separated Liguids)

It is possible to adjust the polishing speed to the preferred
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value by containing the component such as the oxidized-metal
dissolving agent or the like as described above, but the dispersion
stability of the silica particles can be deteriorated by the
preliminary mixing. In order to avoid the dispersion stability
5 deterioration, it is possible to separately prepare a slurry at
least containing the silica particles from an additive liquid
containing a component other than the silica particles (e.g.
component which can deteriorate the dispersion stability of the
silica particles) of the CMP polishing liquid of the present
10 invention and to store them separately.
[0123]

For example, in the case where the CMP polishing liquid
contains the silica particles, oxidized-metal dissolving agent,
metal-oxidizing agent, metal anticorrosive agent, and water, it

15 is possible to separately store the metal-oxidizing agent which
can influence on the dispersion stability of the silica particles
from the silica particles. 1In short, it is possible to separate
the CMP polishing liquid into a solution containing the
metal-oxidizing agent and a slurry containing the silica particles,

20 oxidized-metal dissolving agent, metal anticorrosive agent, and
water.

[0124]
(Storage as Concentrate)

Since the primary particle diameter, association degree,

25 and silanol group density of the silica particles to be used for
the CMP polishing liquid of the present invention are within the
above-described range, it is possible to attain the relatively

high interlayer dielectric polishing speed with the relatively
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small amount of the abrasive grain, and, therefore, the silica
particles can be contained in and dispersed into the medium at
a high concentration. An upper limit of content of the
conventional silica particles is about 10 parts by mass relative
5 to 100 parts by mass of the medium even when the dispersibility
is improved by the conventional method, and aggregation and
sedimentation occur when the content exceeds the upper limit.
However, 10 parts by mass or more of the silica particles to be
used for the CMP polishing liquid of the present invention can
10 be dispersed into the medium, and about 12 parts by mass or less
of the silica particles can easily be contained in and dispersed
into the medium. Also, about 18 parts by mass of the silica
particles can be contained in and dispersed into the medium at
the maximum. This indicates that the CMP polishing liquid of the
15 present invention can be stored and transported as a CMP polishing
liguid concentrate in which the CMP polishing liguid is highly
concentrated, which is considerably advantageous in terms of
process. For example, in the case of using the CMP polishing
liquid containing 5 parts by mass of the silica particles, it is
20 possible to concentrate the CMP polishing liquid to a 3-fold
concentration for storage and transport. Thus, it is possible to
store and transport the CMP polishing liquid concentrate of which
the concentration is 3-fold or more of the CMP polishing liquid
in use. Of source, it is possible to concentrate the slurry in
25 the same manner in the above-described storage as separated liquid
to be stored and transported as '"concentrated slurry".
[0125]

More specifically, a CMP polishing liquid concentrate at
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least containing 10 parts by mass or more of the above-described
silica particles relative to 100 parts by mass of the CMP polishing
liguid concentrate, an additive liquid containing the components
other than the silica particles, and a diluting ligquid are
separately prepared, and these liquids are mixed just before the
polishing step or supplied while adjusting the flow rates thereof
to attain a desired concentration for polishing, thereby obtaining
the CMP polishing liquid. Examples of the diluting liquid include
water, an organic solvent, and a mixture solvent of water and
organic solvent. Also, the diluting liguid may contain the
components other than the silica particles, and, for example, it
is possible to separately prepare the CMP polishing ligquid
concentrate, hydrogen peroxide water as a diluting liquid
containing the metal-oxidizing agent, and an additive liquid
containing the rest of the components. In the case where the
dispersion stability is not deteriorated at all when the separation
into the additive liquid and the diluting liguid is not conducted,
either one of them is used.

[0126]

(V: Usage and Method of Use)

It is possible to use the above-described CMP polishing
liquid of the present invention for a polishing step for production
of semiconductor substrates and electronic devices. More
specifically, it is possible to use the CMP polishing liquid for
formation of wirings on a semiconductor substrate.

[0127]
For example, it 1s possible to use the CMP polishing liquid

for CMP of a conductive material, a barrier film and interlayer
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dielectrics.
[0128]

As one of specific polishing methods using the CMP polishing
liguid of the present invention, the polishing method comprises:

a first polishing step of exposing a barrier film exposing
a barrier film on a convex portion by polishing a conductive
material of a substrate comprising interlayer dielectrics having
a concave portion and the convex portion on the surface thereof,
the barrier film coating the interlayer dielectrics along the
surface, and the conductive material coating the barrier film by
filling the concave portion; and

a second polishing step of exposing the interlayer
dielectrics of the convex portion by polishing the barrier film
at least on the convex portion. In the second polishing step,
so-called overpolishing, in which a part of the convex portion
of the interlayer dielectrics is polished to be flattened, may
be performed.
[0129]

Examples of polishing methods in the case of preparing the
CMP polishing liquid of the present invention in the concentrated
state to be stored as the CMP polishing liquid concentrate include
a polishing method characterized by comprising:

a first polishing step of exposing a barrier film exposing
a barrier film on a convex portion by polishing a conductive
material of a substrate comprising interlayer dielectrics having
a concave portion and the convex portion on the surface thereof,
the barrier film coating the interlayer dielectrics along the

surface, and the conductive material coating the barrier film by

79.1 91.0
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filling the concave portion;
amixing step of preparing the CMP polishing liquid by mixing
the CMP polishing liquid concentrate with a diluting liquid, an
additive liquid, or both of the diluting ligquid and the additive
5 liquid; and
a second polishing step of exposing the interlayer
dielectrics of the convex portion by polishing the barrier film
at least on the convex portion. In this case, the mixing step may
be such a method that the CMP polishing liquid concentrate, the
10 diluting liquid, the additive liquid, and the like are supplied
through separate pipings before the second polishing step is
started so that the CMP polishing liquid concentrate, the diluting
liquid, the additive liquid, and the like are mixed in a system
of the second polishing step. Also, as the mixing step, a method
15 of preparing the CMP polishing liquid before the second polishing
step by mixing the CMP polishing liquid concentrate, the diluting
liguid, the additive liquid, and the like may be employed.
[0130]
Examples of the conductive material include a copper metal
20 such as copper, a copper alloy, an oxide of copper, and an oxide
of a copper alloy; a tungsten metal such as tungsten, tungsten
nitride, and a tungsten alloy; and a substance mainly containing
silver or gold, among which the metal containing the copper metal
as a main component is preferred, and the metal containing copper
25 as a main component is more preferred. The conductive material
may be formed into a film by known sputtering, plating, or the
like.

[0131]
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Examples of the interlayer dielectrics include a silicon
coating, and an organic polymer film.
[0132]

Examples of the silicon coating include silicon dioxide,
a fluorosilicate glass, an organosilicate glass obtainable by
using as a starting material trimethylsilane or
dimethoxydimethylsilane, siliconoxynitride, silica coating such
as hydrogen silsesquioxane, silicon carbide, and silicon nitride.
[0133]

Examples of the organic polymer film include an
organosilicate glass using trimethylsilane as a starting material,
and a Low~k film (low dielectric film) such as an all-arcmatic
Low-k film (all-aromatic low dielectric interlayer insulating
film), among which the organosilicate glass is preferred. The
film can be formed by CVD, spin coating, dip coating, or spray
coating. The surface is processed to form a convex portion and
a concave portion.

[0134]

The barrier film is formed for the purpose of preventing
diffusion of the conductive material into the interlayer
dielectrics and improving adhesion between the interlayer
dielectrics and the conductive material. Examples of the barrier
film include a titanium metal such as titanium, titanium nitride,
and a titanium alloy; a tantalum metal such as tantalum, tantalum
nitride, and a tantalum alloy; and a ruthenium metal such as
ruthenium and a ruthenium alloy, and these may be used alone or
in combination of two or more thereof. Also, the barrier filmmay

be a laminate film including two or more layers.
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[0135]

As a polishing apparatus in the case of polishing by using
a polishing pad, for example, an ordinary polishing apparatus
including a holder capable of holding a substrate to be polished

5 and a platen to which the polishing pad is attached, which is
connected to a motor or the like of which the number of rotations
is changeable is usable. As the polishing pad, an ordinary
nonwoven fabric, foamed polyurethane, porous fluorine resin, or
the like may be used without particular limitation.

10 [0136]

Polishing conditions are not particularly limited, but a
slow rotation speed of the platen such as 200 min™' or less is
preferred so that the substrate does not jump out. A polishing
pressure may preferably be 1 to 100 kPa, more preferably 5 to 50

15 kPa in order to satisfy suppression of fluctuation in CMP speed
in one substrate (in-plane CMP speed uniformity) and flatness
attained by elimination of unevenness which were present before
the polishing (pattern flatness).

[0137]

20 During the polishing, the CMP polishing liquid is
continucusly supplied to the polishing pad by using a pump or the
like. A supply amount is not limited, but it is preferable that
a surface of the polishing pad is always covered with the CMP
polishing liquid. The substrate after the completionof polishing

25 may preferably be subjected to washing well with running water,
removal of water droplets adhered to the substrate by spin-drying
or the like, and drying. It is preferable to add the substrate

washing step after the polishing step according to the present
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havi ng aogﬂ?FhBrﬁa?ggHﬁ“ﬁ¥ﬁH§”%Hé%@ﬁﬁaSSEEEﬁ?ES:ﬁfgﬁfg‘%%%%%P.ng’%%l?%e
second e i t present . i.nyenti 1N [Q175] 20(1V-1:
3d_enpodh eep! o QLnb g, PLESE! &ﬂg@ 1h90-vebengxaghnedeo O

Pr epar at _ _ shing Liqui _ 0 a container, 0.4 part by
mass of Q@xﬂ@oﬁ‘&b?t@? s%{l?;s%aqﬂezg%wﬁtﬁi rdiSspl viord-agesd |, and poﬁimm? by

mass of any one of netal anticorrosive agénts shown in Tabie 4 to Tabfe 6

were pl agedno@ddh eXtpar brb¥eABSSHRIntH 4 apUr Bovat Bhi s tRoUhedréNtOwihe 25
container. Further, 1.4 parts by mass of 3-nethoxy-3-nethyl-1-butanol as a

sol ubi | i gbags agentmpesiadded, and a 36. 5% PMAA sol uti on was added so t hat
0.02 part by mass of PMAA was contained, followed by stirring and mxing to
di ssol ve[0B82al | of the conponents. [0176] As used herein, in
Tabl es, "BTA" is benzotriazole; "HBTA" is 1-hydroxybenzotriazole; and
"ABTA' is 5 1H4,sh@t ninafobo[ 3(8) b]pyrddiater THe IRVAXlics & edpol heen of
met hacrylic acid and acrylic acid (copolynerization ratio: 99/1; weight
aver age #bPetdt arr WBpghtke 23E0Yanipaey Enehs biieon |vigdiradiq PeasNefown in
Tables 4 to 6 was added . , , , ,
a surface of the interlayer dielectrics is processed by employing
known means such as resist layer formation, etching, and the like
to form concave portions 7 (substrate exposed portions) in a
15 predetermined pattern. Thus, a surface having convex portions and
concave portions shown in Fig. 3(b) is formed. Next, as shown in
Fig. 3(c), a barrier film 2 of tantalum or the like covering the
interlayer dielectrics is formed along the convex and concave
portions on the surface by vapor deposition, CVD, or the like.
20 [0140]

Further, as shown in Fig. 3(d), a conductive material 3 made
from a wiring metal such as copper is formed by vapor deposition,
plating, CVD, or the like in such a manner as to fill the concave
portions to form a substrate 10 which is to be subjected to the

25 polishing method of the present invention. Thicknesses of the
interlayer dielectrics 1, the barrier £ilm 2, and the conductive

material 3 are preferably about 10 to 2000 nm, about 1 to 100 nm,

and about 10 to 2500 nm, respectively.



10 in an anmount equivalent to 3.0 parts by nmass as silica particles to
obtain 100 parts by mass of a slurry. Since the colloidal silicas had
different solid contents (contents of silica particles), the X part by nass
of ultrapure water was calculated in such a manner that the anmount of the
slurry becanme 100 parts 15 by mass. [0%848] Next, 0.33 part by nass
of 30 mass% hydr ogen peroxi de was added (in an anount equivalent to 0.1
part by mass_as hydrogen peroxide), followed by stirring and mxing to
prepare ERPIBéIishing 20 |iquids of Exanples 2-1 to 2-13 and Conparative
Examples 2-1 to 2-9. [0179] Val ues,of . a bi.axi al. average .pri mar
particle dianeﬁ%Fefﬁﬁgt%FSiqaﬂ%ﬁhcﬁ¥83ppazﬁ§%f9g(ﬁﬁé %ﬂ?%iﬁﬁFﬁggopg?fW%ﬁe

di aneter, an_ 25 .assocjiation deqre a zet t ial-(),.of each of the
coIIoida?ysgw?c%%og?m$%5%%ﬂ$3§%%3§h?%qgéﬁréﬁﬁﬁﬁggb%gka O%%éhﬁﬁgtﬂéggéﬁe
manner asci gﬁg%r' nt Qli1P%9d Yl Rokiyshi ﬁﬁ%%%g%g to Figh
patternegfgﬂbs raf%§%SER&ﬁEE%é§54}nané%égtEfég by %B% (ﬁ%vfngl?he

si ze of a dia{etenRf-tldd Rehesi6303%6m stdkhcwessprapared (fdddmo of

t hi ckness: 1000 nm of Cu, 25 nmof Ta, 500 5 nm of TEOCS). The substrate had

a siliconigubstsaties pbntenkaysy dircheetyd esenpdest rap sohiieannd oxgdegand
having a pattern of which a step between a projected portion and a groove
portion ®ashith antordbet 1€ mhafdd matade friem 251 apofi i @lsweerl tat de
orderly formed on the dielectrics by sputtering, and 1.2 inn of a copper 10
filmforiedasn stfeetharirivel afgé mf irGi8dd 1 Thieicgpper)of Thessubstbateawas
polished until the barrier |ayer was exposed by using a known copper

pol i shi ng0 dgentng A& pattierdedondgiconrhpethgra, copperiati thegbporteont hawi ng a
wi dth 15 of 100 pmand an interlayer dielectric portion having a w dth of
10019t of e lpatdErrRel BUBsiaTaed Wl GRPStiRd epiléc8sP2sey 2scehevhreter s
square to obtain substrates for evaluation. Each of the eval uation

subst r at 859 was (Bol VsHedthy SrPPprhgveahteFiehel CRPLDPSI FERRhGSHi 40 B8 ont o
a pad attached to a platen of a polishi 20 apparatus under the foll ow ng
pol | shi g SOmET t FBREEOThel BoPP AT RG  nas TR HIX adf ven 2041 Sht G at t he
copper mﬁgéggt orti%QiPﬁQ%gemZO am o hIess th!shingeannfq;s of the

. ons T ount e corduc e Mmaterla s remalned
barrier Tayer and”t e Qerﬁayer di el ectT1¢s and A" seam anount ~arter -t he

pol i shi ng, yer g, eyal pated, , 2p{ 01821, The POL IR £8P LHANS nakee 25,40k ! ows.

15 (this state is not shown), but, since the CMP polishing liquid
of the present invention is capable of polishing the conductive
material, such state is not problematic at all insofar as a large
part of the conductive material is removed.

[0142]

20 The second polishing step, in which the obtained conductor
pattern is polished by using the CMP polishing liquid of the present
invention, is performed. In the second polishing step, by using
the second CMP polishing liquid capable of polishing the conductive
material, the barrier film, and the interlayer dielectrics, at

25 least the exposed barrier film and the conductive material in the
concave portions are polished. Thus, as shown in Fig. 1l(c), the
polishing is terminated when the barrier film covering the convex

portions is removed to expose the entire interlayer dielectrics



[0183] 70 by Engis Japan Corporation) Pol i shing pad: Swede-li ke
f oamed pol yuret hane resin Polishing pad Polishing pressure: 30 kPa 5Pl at en
rotation speed: 90 rpm Polishing liquid supply anount: 15 m/mn (Polishing
Amount Measur enment Met hod) In the patterned substrate polished under
t he above-described conditions, polishigg amounts of the barrier 10 |ayer
and the interlayer dielectric at the projected portion of the interlayer
dielectric were nmeasured by using Nanospec Mb000 which is a desktop optical
i nt erferbnethgreypecttidiming ckaeds tiraasurenehtesystemarmirkidon ed bie
Nanonetrics Incorporated. [0184] 15Results are shown in Table 4 to Tabl e 6.
[0185] (RPbiskingy Arbimtyubstrate |3 gHd equbSer deemareéiofhelpapishinhgy t he
copper wiringh ortion having the wirjng width of_%gg pm and the interlayer
20 di el eBEFil %a?‘?@?ri“’ki‘?a]?ﬁlrfb e %W?Stwedmt@rrl SpAPweTRESESANSY By a
cont act txge stqg met er (P—lg:nﬁnufactured 3¥ KLA- Tencor Ja%an) t o, measure
an anountBfCH ST &p R e The 9 ffePPafer S df et i"d gd¥i A n&a? St he°Ropper
W ring wa essivel ol i shed "?i hi ng" dj. f e en a
Fi1 meoni Shrede BroTRet BT arTa, efbatel cafy F b Bihen By unG P AET ol T Beness
of the wylng,poLio ScOpasyred.in the sare Ber q; b9L8pL 1 Resylts are
shown in #ab?% ﬁuto ?%g?e %? gl [%ggle %] Exaﬁ%?g No. . ’
[0143]
Here, it is possible to use the CMP polishing liquid of the
present invention for both of the first CMP polishing liquid and
10 the second CMP polishing liquid, but, in order to utilize the
characteristics of having the favorable polishing speed for the
interlayer dielectrics, it is preferable to use the CMP polishing
liquid of the present invention at least as the second CMP polishing
liquid.
15 [0144]
In order to ensure more excellent flatness in the substrate
30 after the termination of polishing, overpolishing (e.g., in
the case where a time required for obtaining the target pattern
in the second polishing step is 100 seconds, polishing for 50
20 seconds in addition to the 100 seconds of polishing is referred
to as 50% overpolishing) may be performed for polishing to a depth
including a part of the interlayer dielectrics at the convex
portions as shown in Fig. 4.
[0145]
25 In Fig. 4, the portion 8 on which the overpolishing is
performed is indicated by a dotted line.

[0146]

Interlayer dielectrics and a metal wiring of a second layer
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are further formed on the metal wiring formed as described above,
and the same step is repeated for a predetermined number of times,
thereby producing a semiconductor substrate having a desired
number of wiring layers (not shown).

[0147]

The CMP polishing liquid of the present invention may be
used for polishing a silicon oxide film formed on a wiring board
having a predetermined wiring, a glass, an inorganic insulation
film of silicon nitride or the like, an optical glass such as
photomask, lens, and prism, an inorganic conductive film such as
ITO, optical integrated circuit, optical switching element, and
optical waveguide each of which is formed of a glass and a
crystalline material, an end face of an optical fiber, an optical
single crystal such as scintillator, a solid laser single crystal,
an LED sapphire substrate for blue laser, a semiconductor single
crystal such as SiC, GaP, and GaAs, a glass substrate for magnetic
disk, and a substrate of magnetic head or the like, without
limitation to the polishing of the silicon compound film formed
on the semiconductor substrate.

Examples
[0148]

Hereinafter, the present invention will be described in

conjunction with examples. However, the present invention is not

limited by the examples.

[0149]
(Experiment 1)

Polishing speeds and abrasive grain dispersion stabilities
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of various films were investigated by polishing the films using
the CMP polishing liquid according to the first embodiment of the
present invention.

[0150]

(I-1: Preparation of CMP Polishing Liquid Concentrate)

To a container, 1.5 parts by bass of malic acid as an
oxidized-metal dissolving agent and 0.6 part by mass of
benzotriazole as a metal anticorrosive agent were placed, and X
part by mass of ultrapure water was added, followed by stirring
and mixing to dissolve the components. Each of colloidal silicas
A to R shown in Tables 1 to 3 was added in an amount equivalent
to 12.0 parts by mass as silica particles to obtain "CMP polishing
ligquid concentrates". Since the colloidal silicas had different
solid contents (contents of silica particles), the X part by mass
of ultrapure water was calculated in such a manner that an amount
of the CMP polishing liquid concentrate became 100 parts by mass.
[0151]

(I-2: Preparation of CMP Polishing Liquid)

To 100 parts by mass of the CMP polishing liquid concentrate,
200 parts bymass of ultrapure water was added for triplingdilution,
thereby obtaining "slurry™. Next, 2.66 parts by mass of 30 mass%
hydrogen peroxide was added (in an amount equivalent to 0.8 part
by mass as hydrogen peroxide), followed by stirring and mixing
to prepare CMP polishing liquids of Examples 1-1 to 1-8 and
Comparative Examples 1-1 to 1-10.

[0152]
A biaxial average primary particle diameter (R), a BET

specific surface area (Sggr), a silanocl group density (p), an



52 52 52 26 39 47 Association Degree 1.12 1.12 1.12 1.18 1.11 1.18 Zeta
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average particle diameter of secondary particles, an association
degree, and a zeta potential (£) of each of the colloidal silicas
are as shown in Table 1 to Table 3.
[0153]
5 (I-3: Measurement Method)
The characteristics of each of the colloidal silicas in Table
1 to Table 3 were examined as described below.
[0154]
(1) Biaxial Average Primary Particle Diameter (R [nm])

10 An appropriate amount of a liquid of the colloidal silica
was poured into a container, and a chip obtained by cutting a wafer
with patterned wiring into pieces 2 by 2 centimeters square was
dipped into the ligquid for about 30 seconds and then transferred
to pure water in another container for rinsing for 30 seconds,

15 followed by drying by blowing nitrogen. After that, the chip was
placed on a sample holder for scanning electron microscope (SEM)
observation, and an acceleration voltage of 10 kV was applied to
obtain an image of the observation of silica particles at a
magnification of x100000. From the obtained image, arbitrary 20

20 particles were selected. As shown in Fig. 2, a rectangle
(circumscribed rectangle) 5 which was disposed in such a fashion
that a long diameter thereof was the longest while circumscribing
a silica particle 4 was derived. By setting the long diameter of
the circumscribed rectangle 5 as X and a short diameter thereof

25 asY, thebiaxial average primary particle diameter of the particle
was calculated from (X+Y) /2. The operation was conducted for each
of the 20 silica particles, and an average value of the obtained

values was detected to be used as the biaxial average primary
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particle diameter.
[0155]
(2) BET Specific Surface Area Spsr [m?/g]
The colloidal silicawas driedat 150°C inadrier, pulverized
5 Dby using a mortar, and then transferred to a measurement cell.
After vacuum deaeration at 120°C for 60 minutes, a multipoint
method of utilizing nitrogen gas absorption was performed by using
a BET specific surface area measurement apparatus (NOVA-1200;
manufactured by Yuasa Ionics, Inc.).
10 [0156]
(3) Silanol Group Density (p [number/nmﬁ)

A liquid of the colloidal silica in such an amount that an
amount of the silica particles contained in the liquid was 15 g
was weighed, and a pH of the liquid was adjusted to pH3.0 to pH3.5

15 with hydrochloric acid. A mass content equivalent to 1/10 of the
adjusted liquid was poured into another container (the silica
amount A [g] at this state was 1.5 g), and 30 g of sodium chloride
was added thereto, feollowed by adding ultrapure water till a total
amount became 150 g. A pH of the ligquid was adjusted to pH4.0 with

200 2 0.1mol/L sodiumhydroxide solution to obtain a titration sample.
[0157]

To the titration sample, the 0.1 mol/L sodium hydroxide
solution was added dropwise until the pH reached to 9.0, and an
amount of sodium hydroxide required for changing the pH from 4.0

25 to 9.0 was detected (B [mol]).

[0158]
The above two values and the values of the BET specific

surface area (Sapr [mz/g}) separately measured in (2) and the
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Avogadro number (N [number/mol]) were assigned to the following
expression (1) to calculate the silanol group density. Also, A
is 1.5 [g] as described above.
[0159]

p = BNa/A-Sggr -.... (1)
(in the expression (1), Na [number/mol] is the Avogadro number,
and Sagr [m?/g] is the BET specific surface area of silica
particles).
(4) Average Particle Diameter of Secondary Particles and
Association Degree

A measurement sample was prepared by diluting 0.5 g of the
CMP polishing liquid concentrate with 99.5 g of water (1:200
dilution). The measurement sample was measured by using a light
diffracting and scattering type particle size distribution meter
(trade name: COULTER N5 type) manufactured by Coulter Electronics,
Inc., and a value of D50 was used as an average particle diameter
of secondary particles (hereinafter referred to as average
particle diameter). The average particle diameter was divided by
the biaxial average primary particle diameter to obtain the
assocliation degree.
[0160]
(5) Zeta Potential

A measurement sample was prepared by diluting the CMP
polishing liquid obtained by "I-2: Preparation of CMP polishing
Liquid" in such a manner that scattering intensity of the
measurement sample in a measurement device (Delsa Nano C
manufactured by Beckman Coulter, Inc.) was 1.0x10% to 5.0x10% cps.

More specifically, the measurement sample was obtained by diluting
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the CMP polishing liquid with pure water in such a manner that
1.71 parts by mass of the colloidal silica was contained in 100
parts by mass of the CMP polishing liquid, and the measurement
sample was placed in a zeta potential measurement cell to conduct
5 the measurement.
[0161]
(II-1: Polishing Speed)
The following 3 types of blanket substrates (blanket
substrates a to c¢) were polished and washed under the following
10 polishing conditions by using the CMP polishing liquid obtained
by (I-1).
[0162]
(Blanket Substrate)
Blanket Substrate (a)
15 A silicon substrate on which silicon dioxide having a
thickness of 1000 nm was formed by CVD.
[0163]
Blanket Substrate (b)
A silicon substrate on which a tantalum nitride film having
20 a thickness of 200 nm was formed by sputtering.
[0164]
Blanket Substrate (c¢)
A silicon substrate on which a copper film having a thickness
of 1600 nm was formed by sputtering.
25 [0165]
(Polishing Conditions)
Polishing/washing apparatus: CMP polisher, Reflexion LK

(manufactured by AMAT, Inc.)
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Polishing pad: Foamed polyurethane resin (product name: IC1010;
manufactured by Rohm and Haas)

Platen Rotation Number: 93/min

Head Rotation Number: 87/min

Polishing pressure: 10 kPa

Supply amount of CMP polishing ligquid: 300 ml/min

Polishing time: 90 sec for blanket substrate (a), 30 sec for blanket
substrate (b), and 120 sec for blanket substrate (c).

A polishing speed for each of the three types of blanket
substrates after the polishing and washing was detected as
described below to detect the polishing speed for each of the films.
The measurement results of polishing speed are shown in Table 1
to Table 3.

[0166]

Film thicknesses before and after the polishing of the
blanket substrate (a) were measured by using a film thickness
measurement apparatus RE-3000 (manufactured by Dainippon Screen
Mfg. Co., Ltd.), and the polishing speed was detected from a
difference between the film thicknesses.

[0167]

Film thicknesses before and after the polishing of each of
the blanket substrate (b) and the blanket substrate (c) were
measured by using a metal film thickness measurement apparatus
(Type VR-120/08S manufactured by Hitachi Kokusai Electric, Inc.),
and the polishing speed was detected from a difference between
the film thicknesses.

[0168]

(IT-2: Dispersion Stability Evaluation)

8
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Each of the CMP polishing liquid concentrates prepared in
(I-1) was stored in a thermostat bath at 60°C for 2 weeks, and then
presence/absence of sedimentation of abrasive grain was confirmed
by visual examination. Also, an average diameter of secondary
5 particles after the storage in thermostat bath at 60°C for 2 weeks
was measured in the same manner as described above, and a particle
diameter growth rate (%) was calculated by dividing the average
particle diameter after storage by the average particle diameter
before storage}
10 [0169]
The results are shown in Table 1 to Table 3.

[Table 1]
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Example No. -1 (12131415 16 | 1-7 | 1-8

Type of abrasive grain A B C D L M N O

Biaxial Average
Primary Particle
Diameter
R [nm]
BET Specific Surface

Area 80.0 | 80.0 | 68.9 | 64.7 | 66.0 | 128 | 107 | 108

2
Property of Sger [m'/g]

abrasive |Silanol Group Density) 4 ¢ | 17 | 46 | 46 | 18 | 3.1 | 38 | 16
p [mumber /nm”]

455 | 46.5 | 46.5 | 49.5 | 47.0 | 35.0 | 40.0 | 29.0

grain
Average Particle | ) | 25 | 59 | 53 | 70 | 39 | 47 | 49
Diameter [nm]
Association Degree | 1.72 | 1.67 | 1.12 | 1.11 | 1.49 | 1.11 | 1.18 | 1.67
Zeta Potential [mV]| 20 19 11 12 21 12 12 16
Silicon dioxide
[blanket substrate (a) ] 123 | 120 08 97 109 04 97 115
Polishing Tantalum nitride
d
[ni}]);zin] [blanket substrate (b) ] 105 | 100 85 84 94 89 89 100
Copper
[blanket substrate (c) ] 36135139 36 38 1 38 1 291 T
. . Sedimentation absent|absent |absent|absent |absent|absent|absent{absent
Dispersion

Stability Particle diameter

growth rate (%) 1 7 15 5 2 15 11 7
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[0170]
[Table 2]
Comparative Example No. 1-1 1-2 1-3 1-4 1-5
Type of abrasive grain E F G H I
Biaxial Average Primary
Particle Diameter 275 | 613 | 47.1 | 464 | 21.5

R [nm]
BET Specific Surface Area
SpeT [mz/ g]
Property Silanol Group Density

122 | 695 | 70.5 | 75.9 162

2.8 4.6 5.2 7.0 34

of abrasive p [number /nm’]
grain Average Pa[;t;clﬁe Diameter 8 65 51 64 28

Association Degree 1.02 | 1.06 | 1.08 | 1.38 | 1.30

Zeta Potential [mV] 12 11 5 1 2

Silicon dioxide 43 67 58 67 31

[blanket substrate(a) ]
Polishing Tantalum nitride
Speed 81 84 83 81 80
[ nn?/min] [blanket substrate (b) ]
Copper
[blanket substrate (c) ] 34 37 35 35 36
i ) Sedimentation absent | absent |present | present | present
Dispersion
Stability Particle diameter

121 14 33 325 | 168

growthrate (%)
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[0171]
[Table 3]
Comparative Example No. 1-6 1-7 1-8 1-9 1-10
Type of abrasive grain J K p Q R
Biaxial Average Primary
Particle Diameter 45.4143.8167.0(89.0|26.0
R [nm]
BET Specific Surface Area) g 1 | 99 (| 83.2|45.8| 137
SBET [m / g]
Property Silanol Group Del21.sity 65 ls52lae6laol1e
of abrasive p [number /nm’] .
grain Average Particle Diameter 5 78 79 103 27
[nm]
Association Degree 1.211.78}1.07|1.16}1.02
Zeta Potential [mV] 0 1 14 9 15
Silicon dioxide
68 60 67 36 34
o [blanket substrate (a) ]
Polishing Tantalum nitride
Speed 82 81 82 41 84
[nm/min] [blanket substrate (b) ]
Copper
36 35 38 35 34
[blanket substrate (c) ]
) ) Sedimentation present | present| absent |present| absent
Dispersion
Stabilit i i
aoility Particle diameter 136 | 195 14 054 15
growth rate (%)
[0172]

(ITI) Evaluation Result

Y

It is apparent that the CMP polishing liquids obtained by

using the colloidal silicas of Examples 1-1 to 1-8 exhibit

favorable polishing speeds of 84 to 105 nm/min for the tantalum

nitride film used as the barrier film and a favorable polishing

speeds of 94 to 123 nm/min for the silicon dioxide film used as

the interlayer dielectrics and exhibit the excellent dispersion
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stability even when the abrasive grain (silica particles) content

in the liquid is high.

[0173]

In contrast, Comparative Examples 1-1 to 1-10 are silica

S5 particles each of which do not satisfy any one of the required

particleproperties,i.e.5.0/nmzorlessofsilanolgroupdensity,

25 to 55 nm of biaxial average primary particle diameter, and 1.1

or more association degree. Some of Comparative Examples have

favorable dispersion stability but others do not, and the

10 interlayer dielectric polishing speeds of Comparative Examples
were 31 to 68 nm/min which were inferior to the CMP polishing
ligquids of Examples 1-1 to 1-8.

[0174]
(Experiment 2)

15 A polishing speed for each of layers and a seam amount in
the case of polishing a semiconductor substrate having a wiring
pattern using the CMP polishing liquid according to the second
embodiment of the present invention were examined.

[0175]

20 (IV-1: Preparation of CMP Polishing Liquid)

To a container, 0.4 part by mass of malic acid as an
oxidized-metal dissolving agent and 0.1 part by mass of any one
of metal anticorrosive agents shown in Table 4 to Table 6 were
placed, and X part by mass of ultrapure water was poured into the

25 container. Further, 1.4 parts by mass of
3-methoxy-3-methyl-1l-butanol as a solubilizing agent was added,
and a 36.5% PMAA solution was added so that 0.02 part by mass of

PMAA was contained, followed by stirring and mixing to dissolve
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all of the components.
[0176]
As used herein, in Tables, "BTA" is benzotriazole; "HRTA"
is l-hydroxybenzotriazole; and "ABTA" is
5 1H-1,2,3-triazolo[4,5-b]pyridine. The PMAA is a copolymer of
methacrylic acid and acrylic acid (copolymerization ratio: 99/1;
weight average molecular weight: 7500).
[0177]
Each of colloidal silicas shown in Tables 4 to 6 was added
10 in an amount equivalent to 3.0 parts by mass as silica particles
to obtain 100 parts by mass of a slurry. Since the colloidal
silicas had different solid contents (contents of silica
particles), the X part by mass of ultrapure water was calculated
in such a manner that the amount of the slurry became 100 parts
15 by mass.
[0178]

Next, 0.33 part by mass of 30 mass% hydrogen peroxide was
added (in an amount equivalent to 0.1 part by mass as hydrogen
peroxide), followed by stirring andmixing to prepare CMP polishing

20 liquids of Examples 2-1 to 2-13 and Comparative Examples 2-1 to
2-9.
[0179]

Values of a biaxial average primary particle diameter (R),

a silanol group density (p), an average particle diameter, an

25 assocliation degree, and a zeta potential ({) of each of the
colloidal silicas shown in Table 4 to Table 6 were examined in
the same manner as in Experiment 1.

[0180]



Associ ation Degree 1.07 1.38 1.23 1.33 1.33 1.33 1.30 1.47 1.47 Zeta
Potential [nV] 12.6 0.0 14.0 16.8 16.8 16.8 2.0 -22.0 18.0

10

15

20

25
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(V-1: Polishing Amount)

A patterned substrate (SEMATECH 754 manufactured by
ADVANTECH) having the size of a diameter of 12 inches (30.5 cm)
(¢) was prepared (film thickness: 1000 nm of Cu, 25 nm of Ta, 500
nm of TEOS). The substrate had a silicon substrate, interlayer
dielectrics made from silicon dioxide and having a pattern of which
a step between a projected portion and a groove portion was 500
nm, a barrier film made from 25 nm of tantalum nitride orderly
formed on the dielectrics by sputtering, and 1.2 pm of a copper
film formed on the barrier film.

[0181]

The copper of the substrate was polished until the barrier
layer was exposed by using a known copper polishing agent.
A patterned region having a copper wiring portion having a width
of 100 pm and an interlayer dielectric portion having a width of
100 pm of the patterned substrate was cut into pieces 2 by 2
centimeters square to obtain substrates for evaluation. Each of
the evaluation substrates was polished by dripping each of the
CMP polishing liquids onto a pad attached to a platen of a polishing
apparatus under the following polishing conditions. The
polishing was terminated when a dishing at the copper wiring
portion became 20 nm or less. Polishing amounts of the barrier
layer and the interlayer dielectrics and a seam amount after the
polishing were evaluated.
[0182]

The polishing conditions are as follows.
[0183]

Polishing apparatus: IMPTEC 10DVT (wrapping machine manufactured



Surface treatnment absent absent absent absent absent absent absent
present present Polishing Results of , patterned substrate Polishing
Anmount of tantalum[un] 25 25 25
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by Engis Japan Corporation)
Polishing pad: Swede~like foamed polyurethane resin
polishing pad
Polishing pressure: 30 kPa
5 Platen rotation speed: 90 rpm
Polishing liquid supply amount: 15 ml/min
(Polishing Amount Measurement Method)
In the patterned substrate polished under the
above-described conditions, polishing amounts of the barrier
10 layer and the interlayer dielectric at the projected portion of
the interlayer dielectric were measured by using Nanospec M5000
which is a desktop optical interferometry type film thickness
measurement system manufactured by Nanometrics Incorporated.
[0184]
15 Results are shown in Table 4 to Table 6.
[0185]
(V=2: Seam Amount)
In the substrate after the polishing, the copper wiring
portion having the wiring width of 100 pm and the interlayer
20 dielectric pattern having the wiring width of 100 pym were scanned
by a contact type step meter (P-16 manufactured by KLA-Tencor
Japan) to measure an amount of a step where the interlayer
dielectric portion near the copper wiring was excessively polished.
For the "dishing", a difference between a film thickness of the
25 interlayer dielectric portion and a film thickness of the wiring
portion was measured in the same manner.
[0186]

Results are shown in Table 4 to Table 6.



25 25 25 25 25 25 Polishing Amount of silicondioxide [nn] 47 0 34 35 23 38
9 7 10 Seam Anmount [tun] 21
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[Table 4]

Example No. 2-1 2~2 2-3 2-4 2-5 2-6

Type of abrasive grain C C C U M N

Type of metal anticorrosive
agent
Biaxial Average
Primary Particle
Diameter
R [nm]
Silanol Group
Density 4.6 4.6 4.6 2.3 3.1 3.8
Property | p [number /om’]
of Average Particle

abras.ive Diameter [nm]
grain

BTA HBTA | ABTA | HBTA | HBTA | HBTA

47 47 47 22 35 40

52 52 52 26 39 47

Association
Degree

Zeta Potential 11.0 | 10.9 | 10.9 5.5 9.1 |10.7
[mV]

1.12 1.12 1.12 1.18 1.11 | 1.18

Surface treatment | absent | absent | absent | absent | absent | absent

Polishing Amount
of tantalum 25 25 25 25 25 25
Polishing [nm]
Results of] Polishing Amount
patterned | of silicon dioxide | 61 69 51 68 66 63
substrate [nm]
Seam Amount
[nm]

19 19 13 19 15 23




20 22 17 22 16 32 48 40 5[0189]
| ayer was 25 nmin the patterned substrate after the polishing,
| ayer at the projected portion of the interlayer dielectrics was entirely
74 renoved in the patterned substrates having the tantalumnitride

pol i shing anmount of 25 nmin Tables 4 o

anpunt

Since the thickness of the barrier

the barrier

6. The silicon dioxide polishing

i ndi cates a polishing anmount of silicon dioxide positioned bel ow the

pol i shed(BaBrier film and the larger value 5 neans the better interlayer
As is apparent from Table 4 to
Tabl e 6, [¥AeleMPlpolishing Iiquids of Exanples 2-1 to 2-13 which satisfy

dielectric pollshlng speed.

the requirenents of the biaxial

[ 0190]

average pri mar

particle dianeter,

si | anol

group 10 den3|t§# associ ati on |degree, and surface trleat ment are capable of
attaining|the f&vamaliMNot ant allurdhitr2de pA-PshihdOspded ankti3i| 2clen
di oxi de po¢H-shing—speed—whitereductngthe seam—H649H—The—EVP—poeki-shi ng
l'iquids of Coypasmidrigvebiampl s A-1/tq 19 219 werg capabl ¢ ot ppl gshing the
barrier |layer, but at |east one of the sijlicon|dioxide polishing amynt and
seam anmountrypé oemethl BhtidoR@siGVH pol i shing |Iiquids was inferior to Exanples
2-1 to 2-13; Nbrezﬁggplflcallyfp Jﬁﬁggl qﬁ& #ﬁﬂ@ ZB?Afaﬁﬁgétﬁﬁgﬁtaln
t he sati stactory sigicgn—di-oxtrde—pot+shiAg—anotnt—and—therreduced——seam 20
amount si nce the praXidl ‘?Vﬁfoge primary |parti ¢l e dilameter therleof was
| arger than 60 nnw regolarticle |° chhpanati ver Ekanpl € 2@ fabked togat t ain
the satisfactory sililU8®eEF oxilde polishirg anount sijnce the mechani cal
pol i shing| 25 between RHamdj|ida particles and the interlayer dilelectfics is
weakened due to theSitambbGroupl Y | ow | hardness" as theg silica parjticles which
was causef by the| silBemditygr oupldeéensitys gf 1l.arger.éhan.5. | 1.6 | 1.6
Property |2 [number /n%nz]
of abrasive| Average Particle | 5,150 |\ 90 | 49 | 27 | 27 | 27
grain Diameter [nm]
Association 14 9519 4901.49|1.67(1.021.02]1.02
Degree
ZetaPotential | 19 7199 9|21.3(13.4]11.7]11.7[11.7
[mV]
Surface treatment| absent | absent | absent | absent | absent | absent | absent
Polishing Amount
of tantalum 25 25 25 25 25 25 25
Polishing [nm]
Results of |Polishing Amount
patterned |of silicon dioxide| 84 53 71 67 66 54 50
substrate [nm]
SeamAmount | 43 | 45 | g | o0 | 13 | 14 | 12
[nm]




75 [0193] Conparative Exanples 2-3 to 2-7 failed to attain the
sati sfactory silicon dioxide polishing anount since the association degree
was not kept to 1.20 or |ess or between 1.40 5and 1.80. [0194]

Conparative Exanple 2-7 failed to attain the satisfactory silicon dioxide
pol i shing ampbunt and increased the seapsanpunt since the association degree
was not kept to 1.20 or |ess or between 101.40 and 1.80. [0195]
Conpar at if9esBxanpl es 2-8 and 2-9 failed to attain the satisfactory silicon
di oxi de polishing amobunt and seam anount since they are abrasive grains for
surface tlfeatlrent] of abrasive 15grain. [0196] (Experinment 3) It was
confirnmed that the evaluation results of the CVP polishing |iquids
accordiqgl%g %ﬁﬁﬁﬁg enbodj nment [were [20 cofrel atled with the evaJ uatipn
resultg ob %ﬁ SINng212-j neh walérs. 2vbre Zpeci Litcal 1%y packd shﬂﬁ@

pr oper ti-es—on Re fn"n\in" substrates vere—eyval-uatredby—usingthe
polishi i a es| 212, | 2-H, |ang 2} 8 yof |Experii nent| 2 [01 ]
25(Bl ank Pe§ggb{i§1§?§5£§ moﬁ Bl ﬁk t Sssubst?at bs T(()a) b),rrgnd (& wh%h are
the sane ag,fhase,tsed ijn Experinent 1 vere used. 0198] 76 (Patterned
Substratg%mﬁiggggegggg ubst r S{BTA SEMATECRIIASAHRRAYARIAUr ed byIBTA

Biaxial
Average
Primary
Particle
Diameter
R [nm]
Silanol Group
Density
Property | p [number
of /nm?]
abrasive Average
grain Particle 72 64 39 45 45 45 28 68 66
Diameter [nm]
Association
Degree

Zeta Potential
[mV]
Surface
treatment
Polishing
Amount of
tantalum
[nm]

w

67 46 32 34 34 34 22 46 46

4.6 7.0 1.7 1.8 1.8 1.8 34 | 5.8 55

1.07 | 138 | 1.23 | 1.33 | 1.33 | 1.33 | 1.30 | 147 | 1.47

126 | 0.0 | 140 | 168 | 16.8 | 16.8 | 2.0 |-22.0 | 18.0

absent | absent | absent | absent | absent | absent | absent [present|present

25 25 25 25 25 25 25 25 25
Polishing

Rez‘élts Polishing
Amount of
patterned silicon dioxide 47 0 34 35 23 38 9 7 10
substrate
[nm]
Seam Amount
[nm]

21 20 22 17 22 16 32 48 40

5 [0189]
Since the thickness of the barrier layer was 25 nm in the
patterned substrate after the polishing, the barrier layer at the

projected portion of the interlayer dielectrics was entirely



ADVANTECH) having the size of a dianeter of 12 inches (30.5 cm (4)),
in which a barrier |ayer was exposed in accordance with the 5 first
polishing step. (Blanket Substrate Polishing Conditions) Polishing/washing
apparatus: CMP polisher (Reflexion LK manufactured by AMAT, Inc.)
Pol i shi ng pad: Foaned pol yurethane resipp (product name: |C1010; 10
manuf act ured by Rohm and Haas) Polishing pressure: 10 kPa Platen Rotation

Nunmber: 93/ min Head Rotation Nunmber: 87/ m n Supply amount of CMP pol i shing
li quid: 36DCHEAN A lse mAtshinRA iSHP s O et FaorisIankest tanbatvat élgé}?QBOSec

f or bl anket bstrat b), 120, bl ank t Pat t d
Subst  at BOBPH LR NG EURE! £F s FIPOTT SAPAGPASRT riy AT Seds=CENR Bet Fener
Ref | exi on hK nanufactU{ed y AVAT, In "% 29 Pq%ig@éqgipagicFoagedx.d

pol yur et REn&Sr&8En Y HAC 1™ ‘H“ﬁ%%égpfgﬁ GaEE FARRLC | B1610: SREnGfF 88t GFed by
Roh d Pal.i.shi € .P| R [ ; '
fead RotBEr o RSRerS L8y e B s R T o1 OB beT S RERg T Satde 300
ol 7 mian PoLishi (i _ : . e o oh
i e T equbPae Tae CRE arohihg of 20 ovar lass Bs A tarderorie ™ [ot00) -
(Bl anket (Substrate Polishing Speed) The bl anket substrate polishing

speed was detected in the sane nmanner as in Experinent 1. 5[0200]
(Patterned Subgirad eaiied i shi ng-dtk op&Itey)4d to TablEhg,disbi ograppunthang t he

seam anmount of each of the patterned substrates after the polishing were
eval uat etifyitibeofokkemphgsnethodo 2-13 which satisfy the requirements
of the biaxial average primary particle diameter, silanol group
10 density, association degree, and surface treatment are capable
of attaining the favorable tantalum nitride polishing speed and
silicon dioxide polishing speed while reducing the seam.
[0191]
The CMP polishing ligquids of Comparative Examples 2-1 to
15 2-9 were capable of polishing the barrier layer, but at least one
of the silicon dioxide polishing amount and seam amount of each
of the CMP polishing liquids was inferior to Examples 2-1 to 2-13.
More specifically, Comparative Example 2-1 failed to attain the
satisfactory silicon dioxide polishing amount and the reduced seam
20 amount since the biaxial average primary particle diameter thereof
was larger than 60 nm.
[0192]
Comparative Example 2-2 failed to attain the satisfactory
silicon dioxide polishing amount since the mechanical polishing
25 between the silica particles and the interlayer dielectrics is
weakened due to the relatively low "hardness" as the silica

particles which was caused by the silanol group density of larger

than 5.



10[ 0201] (D shing Eval uati on Met hod) In the patterned substrate
after polishing, the copper wiring portion having the wiring width of 100
pmand the interlayer dielectric pattern having the wiring width of 100 pm
were scanned 15 by a contact type step neter (2-16 manufactured by

KLA- Tencor Japan) to neasure a differepge between a filmthickness of the
interlayer dielectric portion and a filmthickness of the wiring portion,
and the difference was the dishing anount. [0202] 20(Seam Eval uati on

Met hod) [0193] In the patterned substrate after polishing, the copper

Wi ring portion having the wiring width of 100 pm and the interl ayer

di el ectric patterrR2Raviig EKe™RLEEng Wi &Ph2of 160 lsm Wer etéeéamnédcby a
cont act tyfge step neter (2-16 manufactured hy KLA-Tencor, 25 Japan) to

measure 8ACAMOEATOSY §1StERTf Grned dby PERCESNFe IV EhiSHESST e i nterl ayer
o o eoLrLg Rorion st the coPRel Wirino, 102091, Besul Lo are shone U
Pol i shing Speed,[nnmfmn] Silicon dioxide

[0194]

Comparative Example 2-7 failed to attain the satisfactory
silicon dioxide polishing amount and increased the seam amount
since the association degree was not kept to 1.20 or less or between

10 1.40 and 1.80.

[0195]

Comparative Examples 2-8 and 2-9 failed to attain the
satisfactory silicon dioxide polishing amount and seam amount
since they are abrasive grains for surface treatment of abrasive

15 grain.
[0196]
(Experiment 3)

It was confirmed that the evaluation results of the CMP

polishing liquids according to the second embodiment were

20 correlated with the evaluation results obtained by using 12-inch
wafers. More specifically, polishing properties on the following
substrates were evaluated by using the CMP polishing liquids of
Examples 2~2, 2-5, and 2-8 of Experiment 2.
[0197]

25 (Blanket Substrate)

Blanket substrates (a), (b), and (c) which are the same as
those used in Experiment 1 were used.

[0198]



[ bl anket substrate (a) ] 74 72 83 Tantalumnitride [bl anket substrate (b)
] 57 60 66 Copper [blanket substrate (c) ] 40 39 39 Fl atness Eval uation
Polishing Time [mn] 65 50 65
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(Patterned Substrate)

A patterned substrate (SEMATECH 754 manufactured by
ADVANTECH) having the size of a diameter of 12 inches (30.5 cm)
(¢), in which a barrier layer was exposed in accordance with the

5 first polishing step.
(Blanket Substrate Polishing Conditions)
Polishing/washing apparatus: CMP polisher (Reflexion LK
manufactured by AMAT, Inc.)
Polishing pad: Foamed polyurethane resin (product name: IC1010;

10 manufactured by Rohm and Haas)

Polishing pressure: 10 kPa

Platen Rotation Number: 93/min

Head Rotation Number: 87/min

Supply amount of CMP polishing liguid: 300 ml/min

15 Polishing time: 90 sec for blanket substrate (a), 30 sec for blanket
substrate (b), and 120 sec for blanket substrate (c)
(Patterned Substrate Polishing Conditions)

Polishing/washing apparatus: CMP polisher, Reflexion LK
(manufactured by AMAT, Inc.)

20 Polishing pad: Foamed polyurethane resin with closed pores
(product name: IC1010; manufactured by Rohm and Haas)
Polishing pressure: 10 kPa
Platen Rotation Number: 93/min
Head Rotation Number: 87/min

25 Supply amount of CMP polishing ligquid: 300 ml/min
Polishing time: For the time period shown in Table 7 by setting
the time required for the dishing of 20 nm or less as a target

time.



Di shing Anbunt [nnf 0 5 0 Seam Anount [nm 15 12 10 [0204] 5As is
apparent from Table 7, each of the CWP polishing Iiquids which attained the
excellent interlayer dielectric polishing speed and barrier |ayer polishing
speed as well as the reduced seam amount in Experiment 2 was also excel | ent
ininterlayer dielectric polishing speeg and barrier |ayer polishing speed
and 10 reduced the seamin the 12 inch wafer evaluation. Industrial
Applicability [0205] According to the present invention, it is possible to
obtain 1601%%] CVP polishing liquid which has the high barrier film
pol i shing speed, the favorabl e abrasive grain dispersion stability, and the
thh iﬂtgﬁi%@%?td$%W%E¥?T% potishing %B%%ﬁ2 and, therefore, inprovenent in
t hroughput is realized owing to the reduction in time r ired.for
aﬁl i ?]hi ng st eﬂheAlbsl(inq‘t% Sb‘gﬂsitsft‘ﬁtr‘?g pr?@tlﬁg‘&n@f SPF6% Hesp %ggﬁgeﬁn\l/%nw%n

ich uses the CVP polishi liquid for chem cal mechanical polishing is
suitably?%%%l%@%ﬁﬁ?o?sp*%d%%?%ﬁgg%ﬁ$cghductor substrates and ot her
e!ec%ront& gfrlces whi ch have hi gh productivity, excellent
m crof abrication, thin film

(Patterned Substrate Polishing Property)

The dishing amount and the seam amount of each of the
patterned substrates after the polishing were evaluated by the
following method.

10 [0201]
(Dishing Evaluation Method)

In the patterned substrate after polishing, the copper
wiring portion having the wiring width of 100 pm and the interlayer
dielectric pattern having the wiring width of 100 pm were scanned

15 by a contact type step meter (P-16 manufactured by KLA-Tencor
Japan) to measure a difference between a film thickness of the
interlayer dielectric portion and a film thickness of the wiring
portion, and the difference was the dishing amount.

[0202]

20 (Seam Evaluation Method)

In the patterned substrate after polishing, the copper
wiring portion having the wiring width of 100 um and the interlayer
dielectric pattern having the wiring width of 100 pum were scanned
by a contact type step meter (P-16 manufactured by KLA-Tencor

25 Japan) to measure an amount of a step formed by excessive polishing
of the interlayer dielectric portion near the copper wiring.
[0203]

Results are shown in Table 7.



5 formati on, dinension accuracy,

and el ectric property,

reliability. Description of Reference Nunerals [0206] 1:

dielectrics 10 2: barrier film3:
circunscribed rectangle 6:
over pol i shed portion 10:
is exposed 30:

conductive nmateri al
silicon substrate 15 7:
substrate 20:78ubstrate in which conductor
substrate after term nation of polishing 20 X

4:

and hi gh
i nterlayer
particle 5:

concave portion 8:

pattern
| ong di aneter

of circu gribeg]rec;angle Y: short dianeter of circunscribed rectangle 80
CLAI VB 173K polishing liquid comprising a nediumand silica particles
as an abrasive grain dispersed into the nepdium-—characterized in that:
S(Al) the sili ca{art ileclkTS..S have a |si Iﬁ@ol groyp dengigty jof 5.0/ nn2 or Iess;
(Bl) a hiaxial average primary particle d|ameter |when arbitrary 20 silica
particlgs are selected froman inmege obtalned by|scanning electron
m croscape obd®peaf dopsivegB to 55 nnC and 18 d ) ard-association degree of
t he silijca—partietes4s—1-—-31—
Silicon dioxide 74 7 23
o [blanket substrate(a) ]
Polishing Tantalum nitride
Speed |1y onket substrate(b)] | 60 66
[nm/min] [ eCsu strate
opper
4
[blanket substrate (c) ] 0 39 39
PohﬂnggThne 65 50 65
[min]
Flatness Dishing Amount
) 0 5 0
Evaluation [nm]
Seam Amount 15 12 10
[nm]
[0204]

5 As is apparent from Table 7, each of the CMP polishing liquids
which attained the excellent interlayer dielectric polishing
speed and barrier layer polishing speed as well as the reduced
seam amount in Experiment 2 was also excellent in interlayer
dielectric polishing speed and barrier layer polishing speed and

10 reduced the seam in the 12 inch wafer evaluation.
Industrial Applicability
[0205]
According to the present invention, it is possible to obtain
15 the CMP polishing liquid which has the high barrier film polishing

speed, the favorable abrasive grain dispersion stability, and the
high interlayer dielectric polishing speed, and, therefore,
improvement in throughput is realized owing to the reduction in

time required for polishing step. Also, the polishing method of



or nore. 2. A QW polishing liquid conprising a nedium and silica
particles as an abrasive grain dispersed into the nmedium 15 characteri zed
in that: (A2) the silica particles have a silanol group density of
5.0/nn2 or less and are not subjected to any surface treatnent; (82)
a biaxial average primary particle dianeter when arbitrary 20 silica
particles are sel ected fron1an inage obtained 20 by scanning el ectron

m crosco 3 observation_is nnhgc

degree o ?h@rgFFP alBX?Pt&PQS P&Ch Eﬁe Bgnggr %6%$%%20@%§§§8033glon
3. The CMECROLLSMOG,11AU 8 BGGUAING; L0 Gl AL} B iy dELRSE 80ucing

conpr|5|ﬁ I CorT osI've ag polishing I'iquid

accor di ng Mcshﬁh@cér M@é@f&éQear{&%%e%néig@ff%wedea&%s iah heast one

sel ected From the group consi sting of benzotriazole and

S1H-1, 2, §1§ﬁ'§%959E6151@LDYEkgbmﬁent6mlEH6fgyElﬁﬁkhﬁhln@hthﬂhdmaccordlng
to any one of clains 5, wherein the silica particles have a zeta

pOte@ilafokﬁa%B@n?“@1ﬁ@hb§hhnlchUQub9 obn8 BWeotrtrorprop®r7yThen@VRigh
polishing liquid according to any one of clainms 1 to 6, wherein each silica
particlerésiabcolitoidal silica. 8. The CWP polishing liquid according to
any one of clains 1 15 to 7, wherein a content of the silica particles is
3.0 to 8p@spatpsiby maAsBerfelatceeNtwmeiBlsparts by mass of the CMP poli shing
l'i quid. 9. The CWP polishing liquid according to any one of clainms 1 to
8, whereilf286pH is in a neutral range or an acidic range. 20 10. The CW
polishing liquid according to any one of clainms 1 to 9, further conprising
an oxi di zedineealadesseieiagtagent . 11. The CWP polishing liquid
accordlng to any one of clainms 1 25 to 10, further conprising an oxidizing
agent bagpler E4PMpol i shing |iquid concentrate obtainable by

3: conductive material
4: particle
5: circumscribed rectangle
6: silicon substrate
15 7: concave portion
8: overpolished portion
10: substrate
20: substrate in which conductor pattern is exposed
30: substrate after termination of polishing
20 X: long diameter of circumscribed rectangle

Y: short diameter of circumscribed rectangle



82 1 to 11 at a 3-fold concentration or a higher concentration. 13. The
CWP polishing liquid concentrate according to claim 12, wherein 5 parts by
mass or nore of the abrasive grain is contained. 5 14. A polishing nethod
conprising: a first polishing step of exposing a barrier filmon a convex
portion by polishing a conductive mateggal of a substrate conprising
interlayer dielectrics having a concave portion and 10 the convex portion
on a surface thereof, the barrier f&éﬁgﬁ@gting the interlayer dielectrics
al ong the surface, and the conducti rial coating the barrier film by
filling the canc rtion; and a second polishij t exposi t he
interlayer 15 i@%é?&i]cssh]o#gt Jeq%loivce%(m%%%ll%i %%@ﬁghﬁq{r\dg %Sh@ apa?ri er

filmat |east on t n i . ch ized i t - t he
pol i shi r%af‘%l%%??ﬁ%e%*b%@é%%%f%i ﬁaa’? FLag ke g?t(?hﬁe}h%v%e%ﬁ?'shi ng

| i qui ds J L Lajmdte.11 at least in the second polishing step. 20
15. A péﬂ?é%?ﬁgeng%%od conpr?sing: a mxing step of mxing the CwW

pol i shing |iqujzgh cancentinate gdafinedesnnehal m 3218h013g¥bth @emlsltyidng
liquid, an additive liquid, or both of the diluting liquid and the additive
liquid to prerars 22;CMP polishing liquid; a first polishing step of
exposing a barrier filmon a convex portion by polishing a conductive
materi al of a sRibstd adeaconprasd mgye nbeirthayerpali el @t rd candiaand nghen concave
portion and 83 the convex portion on a surface thereof, the barrier film
coati ng dheitrdeyl2dyed ldicel pettrickealaomysehecsedf feen aandmetie Gomireedve
material coating the barrier filmby filling the concave portion; and 5a
second poy i stHm sy epl axft exXp sl aRp IR PoEe TapdT éﬁe@@rg@s55anhea%%nvex
portion by polishing the barrier filmat |east on_the convex_ portion,
chaffcterized (G} et associatiipn §GGirsH R F@epéﬁﬁéFﬁEHaBElghgﬁlb?nb'}he

CWP polishing liquid at least in the second polishing step.
or more.

2. A CMP polishing liquid comprising a medium and silica
particles as an abrasive grain dispersed into the medium,
15 characterized in that:
(A2) the silica particles have a silanol group density of
5.0/nm? or less and are not subjected to any surface treatment;
(B2) a biaxial average primary particle diameter when
arbitrary 20 silica particles are selected from an image obtained
20 Dby scanning electron microscope observation is 60 nm or less; and
(C2) an association degree of the silica particles is 1.20

or less or from 1.40 to 1.80.

3. The CMP polishing liquid according to claim 1 or 2, further

25 comprising a metal anticorrosive agent.

4. The CMP polishing liguid according to claim 3, wherein the

metal anticorrosive agent is a compound havinga triazole skeleton.



10 16. The polishing nmethod according to claim14 or 15, wherein the
interlayer dielectrics aresiliconcoatings ororganicpolyner films. 15 17. The
pol i shing nmet hod according to any one of clains 14 to 16, wherein the
conductive material contains copper as a main conponent. 18.The polishing
met hod according to any one of clains 44 to 2017, wherein a barrier
conductive filmprevents the conductive material fromdiffusing into the
interlayer dielectrics and contains at | east one selected fromthe group
consisting of tantalum tantalumnitride, a tantalum all oy, other tantalum

conmpounds, titaniu 25 titaniumnitride, a.titaniumallaqy, other tjitanium
conpoundi; rut ?ﬂdﬂﬁ PRrd S ﬁ@rTaﬂPHgn?ﬁ%?E%ﬁﬁ%ﬁﬁﬁ§Hgl§hglswhﬁﬁ§?8iHh% part
of the interl]l ayer. dielectrics on the .cqnve orti i.S t he olished in
Che: pecumE bh A RS d SRR 0% ST RAL JOf e fod HcACtnBo L aRed |

enpl oyin e 5. pol | shi fiped in any one of clainms 14 to 19.
21. An é%%%%%%ﬁﬁ%gdggi%ggﬁgg%ggg%gﬁyégﬁploying t he polishing nethod defined

in any Qﬂ@-?;ZFﬁaEP§a%élé?4;§+b]pyridine.

6. The CMP polishing ligquid according to any one of claims 1
to 5, wherein the silica particles have a zeta potential in the
CMP polishing liquid of 5 mV or more.

10
7. The CMP polishing liquid according to any one of claims 1

to 6, wherein each silica particle is a colloidal silica.

8. The CMP polishing ligquid according to any one of claims 1
15 to 7, wherein a content of the silica particles is 3.0 to 8.0 parts

by mass relative to 100 parts by mass of the CMP polishing liquid.

9. The CMP polishing liquid according to any one of claims 1

to 8, wherein a pH is in a neutral range or an acidic range.
20

10. The CMP polishing liquid according to any one of claims 1

to 9, further comprising an oxidized-metal dissolving agent.

11. The CMP polishing liquid according to any one of claims 1

25 to 10, further comprising an oxidizing agent.

12. A CMP polishing liquid concentrate obtainable by

concentrating the CMP polishing liquid defined in any one of claims
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1 to 11 at a 3-fold concentration or a higher concentration.

13. The CMP polishing liquid concentrate according to claim 12,

wherein 5 parts by mass or more of the abrasive grain is contained.

14. A polishing method comprising:

a first polishing step of exposing a barrier film on a convex
portion by polishing a conductive material of a substrate
comprising interlayer dielectrics having a concave portion and
the convex portion on a surface thereof, the barrier film coating
the interlayer dielectrics along the surface, and the conductive
material coating the barrier film by £illing the concave portion;
and

a second polishing step of exposing the interlayer
dielectrics of the convex portion by polishing the barrier film
at least on the convex portion, characterized in that

the polishing is performed by supplying at least one of the
CMP polishing liquids defined in claim 1 to 11 at least in the

second polishing step.

15. A polishing method comprising:

amixing step of mixing the CMP polishing liguid concentrate
defined inclaim 12 or 13 withadiluting liquid, an additive liquid,
or both of the diluting liquid and the additive liquid to prepare
a CMP polishing liquid;

a first polishing step of exposing a barrier filmon a convex
portion by polishing a conductive material of a substrate

comprising interlayer dielectrics having a concave portion and
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the convex portion on a surface théreof, the barrier film coating
the interlayer dielectrics along the surface, and the conductive
material coating the barrier film by filling the concave portion;
and

a second polishing step of exposing the interlayer
dielectrics of the convex portion by polishing the barrier film
at least on the convex portion, characterized in that

the polishing is performed by supplying the CMP polishing

liquid at least in the second polishing step.

l6. The polishing method according to claim 14 or 15, wherein
the interlayer dielectrics are silicon coatings or organic polymer

films.

17. The polishing method according to any one of claims 14 to
16, wherein the conductive material contains copper as a main

component.

18. The polishing method according to any one of claims 14 to
17, wherein

a barrier conductive film prevents the conductive material
from diffusing into the interlayer dielectrics and contains at
least one selected from the group consisting of tantalum, tantalum
nitride, a tantalum alloy, other tantalum compounds, titanium,
titanium nitride, a titanium alloy, other titanium compounds,

ruthenium, and other ruthenium compounds.

19. The polishing method according to any one of claims 14 to
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18, wherein a part of the interlayer dielectrics on the convex

portion is further polished in the second polishing step.

20. A semiconductor substrate produced by employing the

polishing method defined in any one of claims 14 to 19.

21. An electronic device produced by employing the polishing

method defined in any one of claims 14 to 19.



