1 DESCRI PTI ON POLI SHI NG COVPCSI TI ON AND POLI SHI NG METHOD 5 TECHNI CAL FI ELD
* The present invention relates to a polishing conposition to be used in a
process for producing a sem conductor device. Mre particularly, it relates
to a polishing conposition which is suitable for form ng an 10 enbedded
metal wiring in which a Cu-based netal is used as a material for wrings
and a tantalumbased netal is wused as a material for barrier |ayers, and a
met hod for polishing a surface to herqaedisiesh of a sem conduct or
integrated circuit device using the polishing is conposition. BACKGROUND
ART Recently, as the integration and functionality of sem conductor
integrated circuits have been increasing, 20 there has been a demand for
devel opnent of m crorbabsHTINGI coMPeshTIgNeaNDoPONIBHANG METHOON and
densification. Planarization techniques for interlayer insulating filnms and
enbedded wirings are inportant in sem conductor device production
processes, in particular, 25 in the process of formng nultilayered wrings.
That is, sas THGHNOOAL IRNELDed Wirings are increasingly fornmed due to the
m niaturization and densification in the 2 sem conductor production
processes, the detheedEsent roguemridin eselzels to a npokasieing t he surfaces
of the
composition to be used in a process for producing a
semiconductor device. More particularly, it relates to a
polishing composition which is suitable for forming an
10 embedded metal wiring in which a Cu-based metal is used
as a material for wirings and a tantalum-based metal is
used as a material for barrier layers, and a method for
polishing a surface to be polished of a semiconductor
integrated circuit device using the polishing

15 composition.

BACKGROUND ART
Recently, as the integration and functionality of
semiconductor integrated circuits have been increasing,
20 there has been a demand for development of micro-
fabrication techniques for miniaturization and
densification. Planarization techniques for interlayer
insulating films and embedded wirings are important in
semiconductor device production processes, in particular,
25 in the process of forming multilayered wirings. That 1is,
as the multilayered wirings are increasingly formed due

to the miniaturization and densification in the



i ndi vidual |ayers, resulting in a situation where the step height exceeds
the depth of focus in lithography. 5 In order to prevent such a problem

hi gh planari zation techniques are inportant in the process of form ng
multilayered wirings. As the material for such wirings, Cu has attracted

attention because of its lower resistivity, conpared with

10 conventional ly

used Al alloys and al so because of its excellence in electromgration

resi stance. YSditieddifictP Prdhessise oy, dhOrdélgrg@msofs low, it is
difficult to formCu into the shape of wirings by Reactive lon Etching
(RIE) which Hasdepamcionentieandd 9o lindisete Thereioreurfdcos def t¢il9e formt he
wirings, a Damascene nethod is used. In this nethod, concave portions such
as trench patirgrinsidard lisaydrd esrdorlt md i g sieud ol dedvhéra@ncihesul ating

| ayer. A barrier layer is then forned thereon, and then Cu is deposited so
20 as to be ategdded ght tdwerdedndathgaddptinsoft Edarsn in fiithodpyasipy! t eri ng,
plating or the |like. Subsequently, the excess Cu and barrier |ayer are
renoved by Clienmcaler Mechardwealt Roldishd ngrdqidieme nafdglerplaieriestianas " CWP')
until the surface of the insulating |ayer is exposed, 25 other than the
concave portiteErhniwherelard henmurfade irs the gnavcaed ¢ farmimm enbedded
metal wiring. Recently, a Dual Damascene nethod has been predom nantly
used, in 3 whildhl@yesiad ngisciamgk vi a hol es enbedded with Cu are

si mul t aneousl y formed.

As the material for such wirings, Cu has attracted

attention because of its lower resistivity compared with

10 conventionally used Al alloys and also because of its

excellence in electromigration resistance. Since the

vapor pressure of copper chloride gas is low,

it is

difficult to form Cu into the shape of wirings by

Reactive Ion Etching (RIE) which has been conventionally

15 used. Therefore, in order to form the wirings, a

Damascene method is used. In this method, concave

portions such as trench patterns and via holes for

wirings, are formed in an insulating layer.

A barrier

layer is then formed thereon, and then Cu is deposited so

20 as to be embedded in the trench portions to form a film

by sputtering, plating or the like. Subsequently, the

excess Cu and barrier layer are removed by Chemical

Mechanical Polishing (hereinafter referred to as "CMP")

until the surface of the insulating layer is exposed,

25 other than the concave portions, whereby the surface is

planarized to form an embedded metal wiring.

Recently, a

Dual Damascene method has been predominantly used, in



In the formati on of Cu enbedded wirings, in order to prevent Cu from
diffusing into the insulating layer, a 5 barrier |ayer conposed of tantalum
a tantalumalloy or a tantalum conpound such as tantalumnitride, is
formed. Therefore, in the portions other than those corresponding to

Cu- enbedded wirings, the exposed barrier layer nust be renoved by CWP.
However, since the barrier layer is 2.0 significantly harder than Cu, it is
often not posdiilgle G wiachigsy ered sufd il lerg eeredlddd raitth Qecarei ngly, a
two- stage polishing nethod has been proposed, which includes a first

pol i shing st ey mfl ey thmrwedess nmetal wiring |ayer and a second
polishing step of renoving the 15 excess barrier |ayer, as shown in Fig. 1.
Fig. | includes ckostsheeteimrtalonieihvsCihentiedded wirimytodihoprflerntag
enbedded wirings by CWP. Fig. 1(a)  shows the state before polishing; Fig.
1(b) shows t Rreverd £uaffiram tdid fUsing paris ity nwplatingi Byem. excess 20
metal wring layer 4 is renoved; Fig. 1(c) shows the state in the course of
the second p&laEHiaty vy iGPmnsas ahdakakynba riantakyeraBley eenpved:;
and Fig. 1(d) shows the state after the second polishing step. First, as
shown in Fi g.tantdlun Compndraidhraed IHAPP N istdeat i vy feyeed2. They
are trenches for formng enbedded wirings 6 on an Si substrate 1. _The
barrier |ayéte¥rsiO%eor mad thte R 1A e mdthan WihosR) F¥epsrordingy

film is fornmed further. thereon. The excess nmetal, wring |layer 4 is renoved
in the firstﬁﬂﬂqgﬂﬁWﬁf %ivulangs, the exposed barrier "layér must be

removed by CMP. However, since the barrier layer is

10 significantly harder than Cu, it is often not possible to
achieve a sufficient removal rate. Accordingly, a two-
stage polishing method has been proposed, which includes
a first polishing step of removing the excess metal
wiring layer and a second polishing step of removing the

15 excess barrier layer, as shown in Fig. 1.

Fig. 1 includes cross-sectional views which show a

method for forming embedded wirings by CMP. Fig. 1(a)
shows the state before polishing; Fig. 1(b) shows the
state after the first polishing step in which an excess

20 metal wiring layer 4 is removed; Fig. 1l(c) shows the
state in the course of the second polishing step in which
the excess barrier layer 3 is removed; and Fig. 1(d)
shows the state after the second polishing step. First,
as shown in Fig. 1l(a), trenches are formed on an

25 insulating layer 2. They are trenches for forming
embedded wirings 6 on an Si substrate 1. The barrier

layer 3 is formed thereon, and the metal wiring layer 4



and the excess barrier layer 3 is renoved in the second polishing step.
Usual ly, after the first polishing step, 5 loss of the netal wiring | ayer
called dishing 7 occurs. Accordingly, the second polishing step is required
to achieve excellent planarization by conpletely renoving an excess
barrier layer on the insulating |layer, as ghown in Fig. 1(c) and further by
renmoving the insulating |ayer so 10 that the still remaining dishing 7 wll
be flush withiGheilmet als iiormed | Ayerhemstsdozan i n THeg elkded)s .mefadt her, when
a lowdielectric constant material is used for the insulating |ayer 2,
there is al sovixricuselayer et a s apendwsgdrin tle fHined el weleing hetepsul ati ng

| ayer 2 and the 15 barrier layer. In such a case, there is a case where

pl anari zat i orrnid tded réxepputbagier tlhaveap | by arenevegeimi thedseoondnmai n or
a case where polishing is carried__out until the |owdielectric constant
material is OPosEUnD S| Sstlad lvengfitey the ddg gtaypalistiigng HBp shows a
20 case where planarization is carried out while the cap layer is permtted
to remai n® THESS tHe PhamatadatVioning kaywey «tpbled i pinghi negccubst in COWP
usi ng the conventional_ polishing conposition, an increase in dishing and
erosi on in t HEQEEHEted 15 SEIIHYPE 1EHINg i sfeeP i ke YApiodiieh®. Here,
dishing signifies a state in which the netal wring layer 4 is .

over - pol i shed® @b a¥ateARl Lt A anRF 123 Py | ©OmP 1 @Rt avEIMAYIBEAM i n

reference nuneral 7 _in Fig. 1(c2 or Fig.,2, and is likely to occur in a
wi de wiring @ﬁqqqﬁlbarrler layér on the insulating layer,; as shown in

Fig. 1(c) and further by removing the insulating layer so

10 that the still remaining dishing 7 will be flush with the
metal wiring layer, as shown in Fig 1(d). Further, when
a low-dielectric constant material is used for the
insulating layer 2, there is also a case where a cap
layer 5 is formed between the insulating layer 2 and the

15 barrier layer. In such a case, there is a case where
planarization is carried out while the cap layer is
permitted to remain or a case where polishing is carried
out until the low-dielectric constant material is exposed
by completely removing the cap layer. Fig. 1(d) shows a

20 case where planarization is carried out while the cap
layer is permitted to remain.

Thus, the planarization is carried out by polishing,
but in CMP using the conventional polishing composition,
an increase in dishing and erosion in the Cu-embedded

25 wirings 6 will give rise to problems. Here, dishing
signifies a state in which the metal wiring layer 4 is

over-polished so that the central part thereof is



Erosion is likely to occur in a narrow wiring portion or a dense wring

" portion, and signifies such a phenonenon 5 that the insulating layer 2 in
the wiring portion is over-polished and the insulating |ayer 2 becones thin
as conpared with an insulating | ayer portion (G obal portion) having no
wiring patterns as shown in Fig. 2. Nanely, an erosion portion 8 results,
which is nore 10 polished than a polished portion 10 of the 3 obal portion.
Further, in Eaqpcaed lvs yawrerin asefre®ncee romeanad.7 WrenFidie Tomvent i onal
pol i shing composition is used, the renoval rate of the barrier layer 3 is
smal | er thanFits t2he anshovaall ikaly dfo tdecuretial avvidey Wwhying poxiemat Cu in
the wiring portions is over-polished while the barrier layer 3 is being
renoved, res#Hndsi®N fsa ke S @rcwf indisHlarkowrwihiaranpertidre ¢ol i shing
pressure applied to the barrier layer 3 and the insulating |layer 2 20

t her ebeneat h 3 HleRSq GHIBA N i & 90 n @b reiBH Herorisch rae| RReRRNSNQR eat er
than that applied to a | ess dense wring portion, so that the renoval rate
in the setondhafolbhshilmpwiadp narkfisr & fiertd i eperidih POt PR ¥F ri ng
density, and as a result, the insulating layer. 2 in the 25 highly dense

Wi ring porti VS Rshss iaditbdhe st ig 9 nayeardy PRt ohiRradgi on.
When such dishing or. erqsion occurs,, the wiring resistance tends to
increase 6 &TIRARS MOfty AR iGHFY 9 o RS ot (Gt ting in the

reduction of the reli %bi ity of devices. , ,
portion) having no wiring patterns as shown in Fig. 2.

Namely, an erosion portion 8 results, which is more

10 polished than a polished portion 10 of the Global
portion. Further, in Fig. 2, the barrier layer 3 is
omitted.

When the conventional polishing composition is used,

the removal rate of the barrier layer 3 is smaller than

15 the removal rate of the metal wiring layer 4, so that Cu
in the wiring portions is over-polished while the barrier
layer 3 is being removed, resulting in a large extent of
dishing. Furthermore, the polishing pressure applied to
the barrier layer 3 and the insulating layer 2

20 therebeneath in a highly dense wiring portion becomes
relatively greater than that applied to a less dense
wiring portion, so that the removal rate in the second
polishing step largely differs depending on the wiring
density, and as a result, the insulating layer 2 in the

25 highly dense wiring portion is over-polished, resulting
in a large extent of erosion. When such dishing or

erosion occurs, the wiring resistance tends to increase



Tant al um and tantal um conpounds to be used for the barrier layer are
“difficult to be etched chenmically. 5 Because of their higher hardness than
Cu, tantalum and tantalum conpounds are difficult to be renoved

mechani cally by polishing. If abrasive particles with a higher hardness are
used in order to increase the renoval ratee, scratches will occur in the
soft Cu wirings, 10 resulting in problens such as electrical defects. If the
concent r at i oangf edlecigiond gpatiion ésnids ttee neeldidhi mrcwonpesiulitdmg sin
increased, it beconmes difficult to maintain the dispersion of the abrasive
particl es i nthieregycitdiwrngicsisogictliiohilany pfomlestirese |ikely to occur 15
in the dispersion stability, such as sedinentation and gelation. with tine.
In CVP, it is nede&&adym gnpr GEHE 18y COFPORIGE €9 hsumiseg Fein $Hieng.
Benzotriazole (hereinafter referred tqQq as BTA) and its derivatives are
known as nmpsPagfiedt ilgyero aand Atifddicplisé@ &6 réShee iAidedrly f or Cu and
copper alloys (for exanple, "Mechanismof Corrosion Inhibition of

Benzot ri azol 8E6886& PhhitHelsr Mdmdrent Sagemessatiig® (Urakeithdlubtadih, Japan
Associ ation of Corrosion Control, 1986, p. 1) . The BTA fornms a dense film
on the surfat@sslgm eemRRYrdsSppee éiillf@sg)“&r’fd S R HERFEXdat i on-r educt i on
reactions to thus Rreyv nt etching. .Therefore, BTA is an .effective additive
to prevent df“?ﬁ?’ﬁ&lic %X W ipr?&l%hlﬁ’@rti BESabFF‘SFgekﬁaﬁﬁlF ©8r &¢&Rt 3di shing

by Incorpor%gb%%rE ér %e%%sa%%rhé%%!%%Ia%dg¥3é§ﬂfﬁ%¥ég%e the removal

rate, scratches will occur in the soft Cu wirings,

10 resulting in problems such as electrical defects. If the
concentration of abrasive particles in the polishing
composition is increased, it becomes difficult to
maintain the dispersion of the abrasive particles in the
polishing composition, and problems are likely to occur

15 in the dispersion stability, such as sedimentation and
gelation with time.

In CMP, it is necessary to prevent corrosion of Cu
during polishing. Benzotriazole (hereinafter referred to
as BTA) and its derivatives are known as most effective

20 and widely used corrosion inhibitors for Cu and copper
alloys (for example, "“Mechanism of Corrosion Inhibition
of Benzotriazole-based Inhibitor and Its Application
(Takenori Notoya, Japan Association of Corrosion Control,
1986, p. 1). The BTA forms a dense film on the surface

25 of Cu and copper alloys and inhibits oxidation-reduction
reactions to thus prevent etching. Therefore, BTA is an

effective additive to prevent dishing in Cu wiring



conposition so as to forma protective filmon the surface of Cu (e.g. USP
*5,770,095). However, there has 5 been a problemsuch that if it is attenpted
to cope with dishing only by increasing the amount of ETA, the renoval

rate of Cu |lowers, and the renoval tine becones |ong, whereby defects of

di shing and erosion nmay sonetines increase. 10 Heretofore, a water-soluble
pol ymer has been studied as one of Cu protective filmformng reagents to
suppress di giuuigiorEach Iof ishémown &oppirieyvientg dieidaesi tiyon having a large
renoval rate ratio of a nmetal to a barrier layer (netal/barrier layer), and
al so havi ng ancamperaigyh|BTS qutid s dswl it wendtalthe paliskimating | ayer
(netal /insulating |ayer) Nanely, it is designed to suppress polishing of
the barrier |Gt IThsi? @S P Tagrera wigdteepol vehf himaprd tleaoving Cu at a
hi gh speed (e.g. JP-A-2001-144047, JP-A-2001-144048, JP-A-2001 20 144049,
JP- A- 2001- 1480UFR G PD - P08 18R 20)770 MRt her Hoveisttor tdsitsblt@sol yner
has been studied also for a polishing conposition to be used in a process
for produi ndPeE tRYWBAA™ viHG o Resnprd sithgl s albppepted ayercape with

| ow-di el ectric insulating |ayer for the 25 purpose of sugpr essing a del ay of
signal's, whi HIFHIDEINY RN SAHFRPTING ddeshtaamts el BTA g P-he 20880638683) .
However, these studies are all relc?t dtothe first 8 ol i shing step of

pol i shing anda&nRA fd! GPYNeSrel 3P § FSUGHY t e kb%‘iE')‘P‘E‘FrT’ nyPeBnposi ti on

inth n i shi ; i
the seCOq,qhereby defects of dishing and erosion may sometimes

increase.

10 Heretofore, a water-soluble polymer has been studied
as one of Cu protective film forming reagents to suppress
dishing. Each of them is a polishing composition having
a large removal rate ratio of a metal to a barrier layer
(metal/barrier layer), and also having a large removal

15 rate ratio of a metal to an insulating layer
(metal/insulating layer). Namely, it is designed to
suppress polishing of the barrier layer and insulating
layer while polishing and removing Cu at a high speed
(e.g. JP—A-2001-144047, JP-A-2001-144048, JP-A-2001-

20 144049, JP-A-2001-1440451 and JP-A-2003-188120).

Further, a water soluble polymer has been studied
also for a polishing composition to be used in a process
for producing a multilayer wiring comprising a copper
layer and a low-dielectric insulating layer for the

25 purpose of suppressing a delay of signals, which has been
developed in recent years (e.g. JP-A-2003-68683).

However, these studies are all related to the first



polishing step where the barrier layer is polished at a high speed, Cu is
polished at an appropriate renoval 5 rate, and the insulating |ayer is
renoved to achieve an excellent planarization, no effective polishing
conposi tion has been found, heretofore. This is because while the polishing
conposition in the first polishing step igs required to mainly polish 10
netal wiring at a high renoval rate, the polishing conposition in the second
pol i shing st @elishiequisted tof pedliidhing Fad iamdvyey Gt. aNangly.enoval rate
and further polish an insulating |layer at a higher renmoval rate than that
of metal wiriwigh Fegareuda e Rerlopdyitice S amapd itepr 5i1f dvhe re¢@pect i ve
conpounds are S|gn|f|cantly different. As stated above, the roles of the
second pol i sHHGS n@bﬁﬁ?RJWhQﬁQBQh?(ﬁﬂﬁﬂkﬁﬁﬂ%ﬁ%@ﬁnﬁﬁaHﬁﬁﬂﬁkﬁéaﬁw Portions
of the barrler Iayer and to reduce dishing forned in the first f0|lshlng
step. In Fi ghlgh jsPeege §ayride Relizhed & A faRIRP TR thersmeEal pol i shing
step is thlnner than  the thickness of the barrier |n t he second

pol i shi ng®st éfp?‘t%t angl sdesiimsalad Ingho\Ay &l S ﬁ’gF“!ﬂ‘fﬁﬁlfo HCh v 3y onl y

the barrier er,. Wi thqut being require olish the netal wiring and the
i nsul ati ng f%y ﬁiﬁaﬁﬁlzq qtu9ﬂqﬁ££FQ%1YQNPQ%ﬁ§h%ﬁgIayer is
usual ly thin at IeveI from?20 to 40 _nm q? further, Cu is polished

and renoved ﬁPWEQﬁﬁﬂf§b |H?QHu§qq94ﬂ RPrefiUfing step, and therefore,

[t is extremely qifl gyt L0 QURRIES FISWAA bAbe Lhinner, Lhan the

the first polishing step is required to mainly polish

10 metal wiring at a high removal rate, the polishing
composition in the second polishing step is required to
polish a barrier layer at a high removal rate and further
polish an insulating layer at a higher removal rate than
that of metal wiring, and thus the properties required

15 for the respective compounds are significantly different.

As stated above, the roles of the second polishing

step in CMP are to completely remove unnecessary portions
of the barrier layer and to reduce dishing formed in the
first polishing step. In Fig. 1, if the degree of

20 dishing formed in the first polishing step is thinner
than the thickness of the barrier layer, in the second
polishing step, it 1is possible to remove dishing simply
by removing only the barrier layer, without being
required to polish the metal wiring and the insulating

25 layer. However, the thickness of the barrier layer is
usually thin at a level of from 20 to 40 nm, and further,

Cu is polished and removed at a high speed in the first



the barrier layer. Further, in a case where there is a distribution in the
Cu renoval rate in the first 5 polishing step, it is required to carry out
over- polishing to conpletely renove unnecessary Cu residue in the wafer,
whereby it tends to be nore difficult to suppress dishing to a |ow |evel.
Accordingly, in the second polishing step,git is 10 required to achieve
excel l ent planarization by restoring dishing which is forned in the first
pol i shi ng st geldsthinghistied,s amt e ehafdree tii cleesstcwodmélhe daffieuelt ayer.
Further, usually, as shown in Fig. 2, with regard to an especially thin

Wi ring or a hioglsugdensistsy diishiimyg tchédel S Himndmattihen |Hyercitickmede af ri ng
portion tends to be excessively polished as conpared with the insul ating

| ayer porti orheGbelyaligyorltavmy). h&vicijemo wir engapet wdens, thetrer élsy at he
insulating layer 2 is likely to be thin. In recent years, as the generation
of sem conductist radwdricas 120 thad Gtheramavalg gsdre iigh e ofvesstt hi nner,
reduction of such_ erosion has been a serious problemto be sol ved.

DI SCLOSURE OPCSHHENIREENTHEEN G ECT rRIBE SACCOVRI ISHEDPWBY 1 NVENTI ON 25
Accordingly, it is an object of the present invention to provide a

pol i shing coMea<sistiigly it GEHNITHHY & eransT EReTC LR PO T8 Herp 1¢1¢ hin
production of a 10 sem conductor integrated circuit_device, which nakes it
possi bl e to f&emwafednmetife®hu rithd ith RG 1R ghiE 54 Ebit ety and

el ectrical characteristics b
suppress dis 1n3/to a low level.

Accordingly, in the second polishing step, it is

10 required to achieve excellent planarization by restoring
dishing which is formed in the first polishing step and
which is more than the thickness of the barrier layer.
Further, usually, as shown in Fig. 2, with regard to an
especially thin wiring or a high density wiring, the

15 insulating layer 2 in the wiring portion tends to be
excessively polished as compared with the insulating
layer portion (Global portion) having no wiring patterns,
whereby the insulating layer 2 is likely to be thin. 1In
recent years, as the generation of semiconductor advances

20 and the wiring portion becomes thinner, reduction of such

erosion has been a serious problem to be solved.

DISCLOSURE OF THE INVENTION
OBJECT TO BE ACCOMPLISHED BY THE INVENTION

25 Accordingly, it is an object of the present invention
to provide a polishing composition for polishing a

surface to be polished in the production of a



preferentially polishing a convex portion while 5 suppressing preferentially
" polishing of a concave portion, at a high renoval rate. Mrre particularly,
it is an object of the present invention to provide a polishing

conposition for polishing a surface to be polished having a nmetal wring

| ayer and a barrier |layer 10 formed on aniionsul ating | ayer, which nakes it

possible to

forman enbedded wiring portion with few scratches, high

reliability amhis@uuamr dtegragd chirecierdetices, whitke sabesessi ng

di shing and erosion,

. and having a high renoval rate of a barrier Iayer,
whi ch i's mad@astsidblis 9 JFemm hayisiPedded | Wik g tpel ebori wpehsktghand i s

and

sufficiently stable i.e. not susceptible to e.g. sedinentation or gelation

with tine. Oxeriadhilddis anl ekerant @feschratteepieisbat Privention will he

apparent from the fol] ow ng description. 20 MEANS TO ACCOWPLI SH THE OBJECT
Enbodi ment 1 RehsiePricslehnt Bovkeiitinh 3 Covver Redelen Rékfcal nechani cal
pol i shing conposition for polishing a surface to be polished in the

producti o of SIS TEHT

B IR bl RUA IR *F FRVFRRCAVRI ch conpri ses

(A) fine oxide particles, ((RB)' ul lulan, and (C) water. ,Entiodirrent,Z isto
9 Gl

provi de the R4Sty orfp

OFERR} A 1 o MESoMARIC

contains (D) an oxidi zi ngotagce}pt and 1VgtE)_ a conPound repres ntgd by the

formula 1: FormfTh 9piect

10

15

20

25

e prese invention to provide
polishing composition for polishing a surface to be
polished having a metal wiring layer and a barrier layer
formed on an insulating layer, which makes it possible to
form an embedded wiring portion with few scratches, high
reliability and excellent electrical characteristics
while suppressing dishing and erosion, and having a high
removal rate of a barrier layer, and which is made of a
slurry having abrasive particles dispersed, and is
sufficiently stable i.e. not susceptible to e.g.
sedimentation or gelation with time. Other objects and

advantages of the present invention will be apparent from

the following description.

MEANS TO ACCOMPLISH THE OBJECT

Embodiment 1 of the present invention is to provide a
chemical mechanical polishing composition for polishing a
surface to be polished in the production of a
semiconductor integrated circuit device, which comprises
(a) fine oxide particles, (B) pullulan, and (C) water.

Embodiment 2 is to provide the polishing composition

AR cht% ur t her



N 5 wherein Ris a hydrogen atom a Cl-4 al kyl group, a Cl-4 al koxy group

" or a carboxylic acid group. Enbodinent 3 is to provide the polishing
conposition according to Enbodinent 1 or 2, wherein the conponent (B) has
an average nol ecul ar wei ght of from 10,000 to 10 1,000, 000. Enbodinent 4 is
to provide the polishing conmposition accotding to Enbodinent 1, 2 or 3,
wherein the conmponent (A) is nmade of at | east one material selected from
the group cassiogdimg dfo Fnrbiosk meaituri,navhicdy ifvmtdhe We;oritsa izig cMi tam oxi de,
titani um oxide, tin oxide, zinc oxide and nmanganese oxide. Enbodinment 5 is
to provide tREigEIZiNg sgeadnpadia i(@h aaceRfiung tkerugs et dfbridwli ment s |
to 4, wherein the_ conponent (A) is silica fine particles. 20 Enbodi nent 6
is to provi déormellsoldi:shi ng conmposition according to any one of Enbodi ments
1to S wherein the conponent (A) is contained in an anount of fromO0.1 to
20 nmass% the conpone B) is contained in an ampbunt of from0.005 to 20
mass% and thg; conpere ( } Nontained in an anmount of from40 to 98

mass% to the toTak~Jyfe t he po!lshing cgngoshti n. Enbodinent 7 is to
provi de the polishi posi tion cordi ng"Pd™an§ one of Enbodinents 2 to
i s-d¥ntained in an anount of from0.01 to 50

6, wherein the 5 ¢
mass% , and the conpon contained in an anount

5 wherein R is a hydrogen atom, a C;., alkyl group, a Ci.4
alkoxy group or a carboxylic acid group.

Embodiment 3 is to provide the polishing composition
according to Embodiment 1 or 2, wherein the component (B)
has an average molecular weight of from 10,000 to

10 1,000,000.

Embodiment 4 is to provide the polishing composition
according to Embodiment 1, 2 or 3, wherein the component
(A) is made of at least one material selected from the
group consisting of silica, alumina, cerium oxide,

15 Zzirconium oxide, titanium oxide, tin oxide, zinc oxide
and manganese oxide.

Embodiment 5 is to provide the polishing composition
according to any one of Embodiments 1 to 4, wherein the
component (A) is silica fine particles.

20 Embodiment 6 is to provide the polishing composition
according to any one of Embodiments 1 to 5, wherein the
component (A) is contained in an amount of from 0.1 to 20
mass%, the component (B) is contained in an amount of

from 0.005 to 20 mass%, and the component (C) is



of fromO0.001 to 5 mass% to the total mass of the polishing conposition

" Enbodinent 8 is to provide the polishing conposition 10 according to any
one of Enbodinments | to 7, which is a polishing conposition for polishing a
surface to be polished having a nmetal wiring layer, a barrier |layer and an
insulating layer forned thereon. Enbodinemnk 9 is to provide the polishing
conposition 15 according to Enbodi nent 8, wherein the netal wiring |ayer

is made of coPERINGH YhabhAMWt 1Ay rraw 4fde 018 drasseasto olee nenber
selected fromthe group consisting qf, tantalum a tantalumalloy and a

t ant al um conpéliid. Mo @ inelte RPIISRIPHRBIRRS L ¥R hod for polishing a 20
surface to be polished, which conprises supplying a _polishing conposition

to a polishing péaxb%a‘em ngilriy t2 IPéstVl}rd_f%c,télec (Pq;elsﬁﬁlri%rf'éﬂ“ﬁ’?ﬁ’ot%ht act
bet ween  homPHErLIT (ifo 61 117 f CELTITNE 2% 45 GerVHReTh B one of
Enbodinents 1 to 9 is used at a .polishing stage after_a_barrier |ayer is
exposed by ﬁa‘ﬂpﬁ’iﬁ% aaﬁet]aﬁ Wrﬁparquq‘;;fé'?.ari?q“%cﬂf I 1 NVERTT OV
FeoL 0 1 A S U B SR o I S5 S BOh o
poser e, © VA e Sibeied WIADG, RO D bl e cartales, bk
polishing composition.
Embodiment 8 is to provide the polishing composition
10 according to any one of Embodiments 1 to 7, which is a
polishing composition for polishing a surface to be
polished having a metal wiring layer, a barrier layer and
an insulating layer formed thereon.
Embodiment 9 is to provide the polishing composition
15 according to Embodiment 8, wherein the metal wiring layer
is made of copper, and the barrier layer is made of at
least one member selected from the group consisting of
tantalum, a tantalum alloy and a tantalum compound.
Embodiment 10 is to provide a method for polishing a
20 surface to be polished, which comprises supplying a
polishing composition to a polishing pad, and bringing
the surface to be polished into contact with the
polishing pad, to carry out polishing by relative
movement between them, wherein the polishing composition
25 as defined in any one of Embodiments 1 to 9 is used at a
polishing stage after a barrier layer is exposed by

polishing a metal wiring layer.



while dishing or erosion is suppressed, by preferentially polishing a
* convex portion while suppressing preferential polishing of a concave
portion, at a high renoval rate. 10 BRI EF DESCRI PTION OF DRAWNGS Fig. 1 is
schematic sectional views of a sem conductor integrated circuit device in
process steps which illustrate a nethod figr form ng enbedded wirings by is
CWP. Fig. 2 is a schematic sectional view of a sem conductor integrated
circuit devi GFRESCT |QEUSHEAtIRTVENE IQRef i niti ons of di shing and erosion.
MEANI NGS OF REFERENCE SYMBOLS 20 1 Si substrate 2 Insulating layer 3
Barrier |ayer 4 Mscgrding g [tdperreseddp irneart i26:,6 iEnfpddethisigiang 7
Di shing portion 8 Erosion portion 14 9 Maxi num step hei ght 10 Polished
portion of Gsbflagsortd dve¢ PREIEIMIDE rFGReCARRAWNG IQIT SHR | NVENTI ON Now,
practical enbodi nents of the present invention wll be described wth
reference to SEMHWORGEICtogh |1y egadiadl| s C\BXafsi W aand tsol dreogdweler . t hese
dr awi ngs,
J 5 to form an embedded wiring portion with few scratches,
high reliability and excellent electrical characteristics
while dishing or erosion is suppressed, by preferentially
polishing a convex portion while suppressing preferential
polishing of a concave portion, at a high removal rate.
10
BRIEF DESCRIPTION OF DRAWINGS
Fig. 1 is schematic sectional views of a
semiconductor integrated circuit device in process steps
which illustrate a method for forming embedded wirings by
15 CMP.
Fig. 2 is a schematic sectional view of a
semiconductor integrated circuit device to illustrate the
definitions of dishing and erosion.
MEANINGS OF REFERENCE SYMBOLS
20 1 Si substrate
2 Insulating layer
3 Barrier layer
4 Metal wiring layer
5 Cap layer
25 6 Embedded wiring

7 Dishing portion

8 Erosion portion



tabl es, fornmulas, Exanples and descriptions are to exenplify the present
“invention, and they do not Iimt 10 the scope of the present invention.

Q her practical enbodinments would belong to the present invention as |ong
as they neet the concept of the present invention. The polishing conposition
according to the present invention is a ghem cal nechani cal polishing
conposition 15 for polishing a surface to be polished in the production of
a sem conduct or i9nt Bgxrated sktepuhtidbti ce, which conprises (A) fine oxide
particles, (B) pullulan, and (C) water. It is preferred that the polishing
conposi tion furtlfer PocbnshedspObfrian ofi @ilebadg mgettionand (E) a 20 conpound
represented by the formula 1: Forrmula 1 wherein Ris a hydrogen atom a
Cl-4 al kyl group, a Cl-4 al koxy group or a carboxylic acid group. If such a
pol i shing conposition is used in the 15 process for production of a

sem conduct oBESTt D& PR GARRN INGOHT EHE (INENIOEEY bl e to polish its
surface and readily forma layer having a flat surface nade of e.g. an

i nsul ati ng | ayer Novbr @1gertdicad] smbpdiments gdsdils e aanty dgyest 0 gh
removal rate and suppress dishing and _erosion by preferential_ polishing of
a convex por t4idd hfhides ik ity maiemanan it PaTdTg BFb¥=oncave
portion. Further, (it is possible to forman enbedded wring paortion with
little scratdedulfsygh BPEMRLRT iavf 8P St eKovwevest &beser dgawings,

characteristics.. The oliﬁhing o
tables, formulas, Examples and descriptions are to

exemplify the present invention, and they do not limit
10 the scope of the present invention. Other practical
embodiments would belong to the present invention as long
as they meet the concept of the present invention.
The polishing composition according to the present
invention is a chemical mechanical polishing composition
15 for polishing a surface to be polished in the production
of a semiconductor integrated circuit device, which
comprises (A) fine oxide particles, (B) pullulan, and (C)
water. It is preferred that the polishing composition
further contains (D) an oxidizing agent, and (E) a

20 compound represented by the formula 1:

R N
\\\\\\f55:> Il Formula 1
N

e
N

wherein R is a hydrogen atom, a C;., alkyl group, a Ci4
alkoxy group or a carboxylic acid group.

If such a polishing composition is used in the



conposition of the present invention is also excellent in the dispersion
stability of abrasive particles. The present invention is particularly
useful in a case where the surface to be polished is a surface to be 15
pol i shed of a sem conductor integrated circuit device having a netal wring
| ayer, a barrier | ayer and an insulatinglbayer formed. Here, in the present

invention, "surface to be polished- is neant for a surface at a mddle
stage, whi chArecefsoder Produsitd@s ©ff or samiqrndvstzrr dnfaardiriict or
integrated circuit device. Accordingly, it may be a surface where the netal

wiring | ayer Sitdtitpgemige | dyerl amPIHP I da aPtq]ri‘gG}} aylet - frste canrgi st .
Fi ne oxide partigcles of the _conponent, (A in the polrshugg conposition are
abr asi ve par tie@edY For8&cilYEH RAViTE 2 € |2k Dne nenber

selected fromthe roup co sisting of silica, cerium er de

a u
(ceria), zir@Ghildw i a?’lorje.GPafflttlﬁH&ﬁ‘ﬁ?é’ xi d& i PaFisPL% i n

oxi de, zinc oxide, er mani.u oxrde d nan anese oxrde varrous t ypes of
silica pr?)duc,té’d rt‘?fllé%(‘?\m‘? r]i’é‘(qq;b %{%‘ﬁﬂ FSFRI | ude
fumed silica prepareg) bx} (‘}%}fj ectr n | I i con tetrachl orr de to vapor phase
synt hesi s i n &y &g O Higi%s 4 & 1998 B At r om

di I h ._col | oi dal d
o U e R L ot g0l LR prenare

alumna is alS%éﬂﬁqer?QL¥hg§edlt is possible to form an embedded
wiring portion with little scratches, high reliability
10 and excellent electrical characteristics. The polishing
composition of the present invention is also excellent in
the dispersion stability of abrasive particles.
The present invention is particularly useful in a
case where the surface to be polished is a surface to be
15 polished of a semiconductor integrated circuit device
having a metal wiring layer, a barrier layer and an
insulating layer formed. Here, in the present invention,
“surface to be polished” is meant for a surface at a
middle stage, which is exposed in a process for producing
20 a semiconductor integrated circuit device. Accordingly,
it may be a surface where the metal wiring layer, the
barrier layer and the insulating layer do not coexist.
Fine oxide particles of the component (A) in the
polishing composition are abrasive particles.
25 Specifically, they are preferably at least one member
selected from the group consisting of silica, alumina,

cerium oxide (ceria), zirconium oxide (zirconia),



Cerium oxi de, zirconium oxide, titaniumoxide, tin oxide and zinc oxide
- prepared by a liquid phase process or vapor phase process are al so
preferably used. Anobng them colloidal silicais nore preferred since it
can be 15 obtained with high purity and with a uniformparticle size. The
mean particle diameter of the conpound (A)gis preferably from5 to 500 nm
nore preferably from10 to 300 nmin view of the polishing characteristics
and the 20 ditspensivan sdiale | (tijarAwnt,herin idxiide prafer reciddat t he
concentration of the conmponent (A) in the polishing conposition of the
present i nvepkirmanisimaEpide iaaice inargginessd tdMiden. r ¥age ook typ@sOcE to 20
mass% based on the total nass of the polishing conposition in
consi der at i 0125 caf preelucerbdwyl kratwey meniHataninay, beaterddl Fshegiliesw ty,
di spersion stability and others. It is nore preferred that the above
concentr at i otthiexewift hinelaidearfgmedt sfirldmal gepared yresshediaigeyl on t he
total mass of the polishing conposition. The conpound (B) is used for
accel er at $ ng stile coenreddraatdtogriglfe @ ivepdatphegd aperthdaisa ioase of using
silicon 5 dioxide for an insulating |layer, the renoval rate at a portion
wher e no pat hedrdgerf oxyeen Gleve, porlilicondali rsid i Eatdmwepeacedvaferm usual |y
tends to he slow as conpared with the renpoval rate of a bl anket wafer where
no pattern i sodigmmed.li@atehaisgmigerarhdmh axdwhangsulmtddrpd et at a 10
portion where a pattern is fornmed, has a large area in

colloidal silica prepared by liquid phase hydrolysis of a

silicon alkoxide.

10 Similarly, colloidal alumina is also preferably used.
Cerium oxide, zirconium oxide, titanium oxide, tin oxide
and zinc oxide prepared by a liquid phase process or
vapor phase process are also preferably used. Among
them, colloidal silica is more preferred since it can be

15 obtained with high purity and with a uniform particle
size.

The mean partiéle diameter of the compound (A) is
preferably from 5 to 500 nm, more preferably from 10 to
300 nm in view of the polishing characteristics and the

20 dispersion stability. Further, it is preferred that the
concentration of the component (A) in the polishing
composition of the present invention is appropriately set
within a range of from 0.1 to 20 mass%, based on the
total mass of the polishing composition in consideration

25 of the removal rate, uniformity, material selectivity,
dispersion stability and others. It is more preferred

that the above concentration is within a range of from 1



contact with the polishing conposition, whereby the renoval rate tends to
be high. Accordingly, even within one wafer, the renoval rates of the
insulating |ayer are substantially different between a d obal portion and a
15 wiring portion, and therefore erosion expands in the second polishing
step. As the generation advances and the;Line wi dth becomes narrow, this
tendency will be renmarkable, whereby it tends to be difficult to suppress

erosion at atdi WasePOodds 2D tHe TWh1a ks of ftHd DML (B) is
added to the polishing conposition, polishing at the dobal portion is
accel erat ed Rynpioefierienii al pol i shing of a convex portion while suppressing
preferential polishing of a concave portion, whereby it is possible to

realize planari zatieoropound r@jude eisesi Gor HedlRasAing i dmardy
understood, but is considered to be such that the renoval rate is increased
in a wde rangeeyyfi pirerachilet et iegrethydraxyl cgseups o itke ssidrifaage of the
abrasive particles, hydroxyl groups of the conponent (B) and hydroxyl
groups o8 thdsirdlead®rofart hensulsatiatg ngeayerthehasoidiralyl yate satcha
interaction is considered to take place, if the 5 abrasive particles are an
oxi de and t heosrifoac evhygaret imen patt e pd ifsdheeed s(Glroad deoftiion) 1in aa case
where the abrasive particles are silica and the surface portion to be
pol i shed i s gagreseedmiafler ofswsillliycdremdlsoxiaddye tdileow iad eragbaosd enjtloyi ng
t he conponent (B) as a nmediumis 10 nore effective for the planarization
charact eri st ithe refyMall araties af polbisadattamade miwledre snd gratette¥m Bsich
formed. On the other hand, the insulating layer at a

10 portion where a pattern is formed, has a large area in
contact with the polishing composition, whereby the
removal rate tends to be high. Accordingly, even within
one wafer, the removal rates of the insulating layer are
substantially different between a Global portion and a

15 wiring portion, and therefore erosion expands in the
second polishing step. As the generation advances and
the line width becomes narrow, this tendency will be
remarkable, whereby it tends to be difficult to suppress
erosion at a thin wire portion.

20 In such a case, if the compound (B) is added to the
polishing composition, polishing at the Global portion is
accelerated by preferential polishing of a convex portion
while suppressing preferential polishing of a concave
portion, whereby it is possible to realize planarization

25 and reduce erosion. The reason is not clearly

understood, but is considered to be such that the removal

rate is increased in a wide range by interaction between



a manner that maltotriose having ternol ecul ar glucose a- 1,4 bonded is
further a-1,6 bonded. When the conponent (B) has a wei ght average nol ecul ar
wei ght of from 10,000 is to 1,000,000, its effect becomes high. The presence

of hydroxyl groups is considered to be an inportant factor. |If the weight
average nol ecul ar weight is less than 10;@00, the effect for inproving the
renoval rate will be small, and if it exceeds 1,000,000, no further

remar kabl e 2Gydesedsegrdupgheorefflectswipfade eXpecd esbrdsive papatictesarly
preferably from 50,000 to 300, 000. Here, the weight average nol ecul ar

wei ght can béyhastrledinupgedf petareadmponeait oY cgud phyd&RE) . gFoapst he

vi ewpoi nt of obtaining a sufficient effect 25 for accelerating the

pol i shi ng, i ton she ehwerfrack tdfattHdeinowhateimyg ataysr of Adwwhinponent (B) in
the polishing conposition is appropriately set within a range of from 19

0. 005 to 20 rmassintemiider ats orordiddmced ermviadke apkacet hef hohegeneity of
the polishing slurry, etc. The conponent (C) is a solvent for dispersing
fine oxide pErtasies rankidilssolatan@n eagede sand tthe Supfaterpbryipare wat er
or deionized water. Water has a function of controlling the fluidity of the
pol i shing cdipds tpohishadl is freonkde hembe Igeta gymeopticatee|he n
accordance with the desired polishing characteristics such as the renoval
rate and pl artiasiveorpaptichaacies istliea and|heorinnf ace peetepabty within

a range of from40 to 98 nmass%, parti_cularlgl preferably
be polished is composed mainly of silicon dioxide, the

interaction employing the component (B) as a medium is
10 more effective for the planarization characteristics.
Pullulan is a polysaccharide which is formed in such
a manner that maltotriose having termolecular glucose a-
1,4 bonded is further o-1,6 bonded. When the component
(B) has a weight average molecular weight of from 10,000
15 to 1,000,000, its effect becomes high. The presence of
hydroxyl groups is considered to be an important factor.
If the weight average molecular weight is less than
10,000, the effect for improving the removal rate will be
small, and if it exceeds 1,000,000, no further remarkable
20 increase in the effect can be expected. It is
particularly preferably from 50,000 to 300,000. Here,
the weight average molecular weight can be measured by
gel permeation chromatography (GPC) .
From the viewpoint of obtaining a sufficient effect
25 for accelerating the polishing, it is preferred that the
concentration of the component (B) in the polishing

composition ig appropriately set within a range of from



within a range of from60 to 90 mass% in the polishing conposition. The
conponent (D) is used to forman oxide filmon 15 the surface of the
barrier layer and to accelerate the polishing of the barrier |ayer by
mechanically renoving the oxide filmfromthe surface to be polished. The
conponent (D) is preferably at |east one Agnber selected fromthe group
consi sting of hydrogen peroxide, 20 iodates, periodates, hypochlorites,
perchl or at es,o persud at @ sma et cht bosrad B3e r pet bor af esha@ndepsvahosabal es.  As

the i odates, periodates, hypochlorites, perchlorates, persulfates,
per car bonat esshegpaids@desi apdopetiphogsphbsleing abupny unesal ts and al kal i
nmetal salts such as potassium 25 salts, may be used. Anong them hydrogen
peroxide is nor el ef@npatest n6@) iis cond@l vsninof et kédl spees thg £omponent s
and produces no hazardous by-products. 20 Fromthe viewpoint of obtaining a
suf ficient efdxeicle fmararckteratd ndi ¢del pohg sheagents. i sitprisf erred that the
concentration of the conponent (D) in the polishing conposition is
appropri atel ypssemab Iy rpere angeenfof réam nlzOd vat&0. maks%1 rhashe pol i shing
conposition in consideration of the renoval rate, the honbgeneity of the
pol i shing sl urungtimre.of tcont nokbipy eflee abl yiditoyn Of Sthe pslisking The
conponent (E) has a function of formng a 10 protective filmon the surface
of metal wiri¢RNEesPrder, ard prleyerenigerthimry ofe t fet neppiropkiahglyotni on.
When t he
accordance with the desired polishing characteristics
such as the removal rate and planarization
10 characteristics. It is contained preferably within a
range of from 40 to 98 mass%, particularly preferably
within a range of from 60 to 90 mass%, in the polishing
composition.
The component (D) is used to form an oxide film on
15 the surface of the barrier layer and to accelerate the
polishing of the barrier layer by mechanically removing
the oxide film from the surface to be polished.
The component (D) is preferably at least one member
selected from the group consisting of hydrogen peroxide,
20 iodates, periodates, hypochlorites, perchlorates,
persulfates, percarbonates, perborates and perphosphates.
As the iodates, periodates, hypochlorites, perchlorates,
persulfates, percarbonates, perborates and perphosphates,
ammonium salts and alkali metal salts such as potassium
25 salts, may be used. Among them, hydrogen peroxide is

more preferred since it contains no alkali metal

components and produces no hazardous by-products.



metal wiring is conposed of Cu, it nmay be any conpound so long as it
physically or chemcally adsorbs on the surface of Cu to forma filmto
prevent elution of Cu. 15 In the formula (1), Ris a hydrogen atom a C A
al kyl group, a Cl-4 al koxy group or a carboxyl group. Specific exanples of
t he conpound include BTA, tolyltriazole g§TA) which is obtained by
substituting a nethyl group for a hydrogen atomat the 4- or 5-position 20
of the benzene rifmgprofcthET A ieapeb ezt rakazalrendy acandfibidientacetfendtt ch i s
obtai ned by substituting a carboxyl group for the hydrogen atom They may
be used al of®wradaeleordiiimg itdre aeold shidrtaur el tofid worafremmed oHat ttieen | n

vi ew of the polishing characteristics, the 25 conponent (E) is contained
preferably fremcEmGktieors ohdsdwNcompangrtef @ablyy theomd@l Ddhimg O. S nmass%
in the polishing conposition. 21 1In addition to the conponents (A) to (O
or the conpomemesiA)icry (E)aprtmepicitisly metcovgdsin irangefef abtgmcont ai ns
an acid. Such an acid is preferably at |east one nenber selected fromthe
group consi std-f} ¢fo Bhinasst adl dhe Wbl nge japmaws idakPoxift i ¢ aci d. Anpng
them preferred is_an oxidative oxo acid or nitric acid free of a hal ogen.
Furt her, the corddanadiicaon off thee reravpl rate phesdmmeanekingeEorposi ti on
is preferably from0.01 to 20 mass% By the addition of the acid, it 10 is
possi bl e to BRYIEEEAS e Wgibv At G -at &tofl St RerBaPrederabdyef rom thé to

insulating film Further, it is possible to
5 mass%.

The component (E) has a function of forming a

10 protective film on the surface of metal wiring in order
to prevent dishing of the metal wiring portion. When the
metal wiring is composed of Cu, it may be any compound so
long as it physically or chemically adsorbs on the
surface of Cu to form a film to prevent elution of Cu.

15 In the formula (1), R is a hydrogen atom, a C;., alkyl
group, a Ci-4 alkoxy group or a carboxyl group.

Specific examples of the compound include BTA,
tolyltriazole (TTA) which is obtained by substituting a
methyl group for a hydrogen atom at the 4- or 5-position

20 of the benzene ring of BTA, and benzotriazole-4-
carboxylic acid which is obtained by substituting a
carboxyl group for the hydrogen atom. They may be used
alone or in combination as a mixture of two or more of
them. In view of the polishing characteristics, the

25 component (E) is contained preferably from 0.001 to 5
mass%, more preferably from 0.01 to 0.5 mass%, in the

polishing composition.



i nprove the dispersion stability of the present polishing conposition.
Further, in order to adjust the pH of the polishing 15 conposition to a
predet erm ned val ue, a basic conpound may be added to the polishing
conposition together with the acid. As the basic conpound, amoni a,

pot assi um hydroxi de, or a quaternary ampmi um hydr oxi de such as

t et ranet hyl ammoni um hydr oxi de or tetraethyl anmoni um 20 hydr oxi de

(herei nafter refdmredidicias "tEEAMHE amnporfarts efdanpie, (Be arsethe When it is
desired that no alkali netals be contained, anmonia is suitable. Further,
al so a case asmpaaerites cl@npdrentd ¢ drree gpolidihnignd ccoeos dohgponents (A) to
(O or the corrponents (A) to (E) 25 treated with the acid or the basic
conpound ar e prederablye orgrdieantss droraqitk pSickhiamg acddpdsi birefemdrlvesponds
to the addition of the acid or the basic conpound as 22 described above.
The present @§dl ilstAsty asnmssiasomakartnd tsean ithe gxeue ¢ins belynafofrom 2
to 10. In view of the polishing characteristics and the dispersion

st abi | i t y5of Hfgis m%dsm%fémﬁq%%rﬁnwawbar iacided 2919 ne oxi de
particles, the pHis preferably at nost or at least 7, and the acidic
range (pH 2 t&e®), &rafsesrcutisaian éﬁ@éiabo‘ééﬁ @’?%r?ﬁfe@pﬁ?‘-lt‘b“i@)a?%dsel ect ed
for use depending on the desired renoval rate of the netal wiring (for
exanpl e 10 &uee of @ ddeImier eFukENETne tHRI GonsERtratdenacd &M na

acid in the present polishing composition is preferably
from 0.0l to 20 mass%. By the addition of the acid, it

10 1s possible to increase the removal rate of the barrier
layer or the insulating film. Further, it is possible to
improve the dispersion stability of the present polishing
composition.

Further, in order to adjust the pH of the polishing

15 composition to a predetermined value, a basic compound
may be added to the polishing composition together with
the acid. As the basic compound, ammonia, potassium
hydroxide, or a quaternary ammonium hydroxide such as
tetramethylammonium hydroxide or tetraethylammonium

20 hydroxide (hereinafter referred to as “TEAH”) may, for
example, be used. When it is desired that no alkali
metals be contained, ammonia is suitable. Further, also
a case where the components corresponding to the
components (A) to (C) or the components (A) to (E)

25 treated with the acid or the basic compound are used as
components for the polishing composition, corresponds to

the addition of the acid or the basic compound as



or ceria, the pHis adjusted to an optinmumvalue in consideration of the

i soel ectric point or the gelation range thereof. Accordingly, a pH
buffering agent nmay be 15 used. Such a pH buffering agent may be any
substance as long as it has a usual pH buffering ability, but is
preferably at |east one substance sel ected2fromthe group consisting of
succinic acid, citric acid, oxalic acid, phthalic acid, tartaric acid and
adi pi ¢ aci d #eisehiked 2&poysl-ycarboxylic acids. dycyl glycine or alkal

nmetal carbonate may al so he used. Here, the concentration of_ the pH

buf fering agent Thet R&eFEMts Mg SEEHTo SIPF Lits orp marve kb |UsEF ot B 01 to 10
mass% based on the total mass of the polishing conposition. 25 The
pol i shing coMi3ssi PHokadoe kd Frefermt thvdnt i R Vdewngf KbCe®SadishynGequired
to be supplied to the polishing site in the formqof a mxture having al
the polishi nGRe¥acherdsitdics G ithehdiSRpralary stabIHdE Y i%f e suppl yi ng
it to the polishi site, the polishing materials may be nixed to
constitute t Iﬁ’é?sléﬁ S FiOBWOEfltﬂ?é“'pé“meg’hi%N@oﬁp%éﬁ‘?%rﬁs 5 Hife FFedent

pol i shing conposi,tion is.suitable for | anari zation bé@eolishin a surface

to be poli shé’d‘r&flcéesserﬁht,epr?&hé‘tsolplﬁerﬁ_ ate @MU ° Rvitle g’ an
oulaling Laer G mede S noe 4o uply S ng, comes) LS gan ool Lhe
use in poll Styarégca ra%%ref a(%?—l t’70 tboe 1%3' iisshesctielhe‘fj}:vtiergg faorrrel}sac—:! Jgﬂelrﬂ%rgéayoer{’ a
the desired removal rate of the metal wiring (for example
10 Cu).

In a case where the fine oxide particles are alumina
or ceria, the pH is adjusted to an optimum value in
consideration of the isoelectric point or the gelation
range thereof. Accordingly, a pH buffering agent may be

15 used. Such a pH buffering agent may be any substance as
long as it has a usual pH buffering ability, but is
preferably at least one substance selected from the group
consisting of succinic acid, citric acid, oxalic acid,
phthalic acid, tartaric acid and adipic acid which are

20 polycarboxylic acids. Glycyl glycine or alkali metal
carbonate may also be used. Here, the concentration of
the pH buffering agent in the polishing composition is
preferably from 0.01 to 10 mass%, based on the total mass
of the polishing composition.

25 The polishing composition of the present invention is
not necessarily required to be supplied to the polishing

site in the form of a mixture haﬁing all the polishing



barrier layer and an insulating layer fornmed. In such a case, the polishing
conposition is highly effective when the barrier layer is a |ayer conposed
of at |east one 15 nenber selected fromthe group consisting of tantalum a
tantalum all oy and a tantal um conpound. However, the polishing conposition
can al so be used for filnms conposed of other netals, etc., and the
sufficient effect can be obtained also when the barrier layer is a film
conposed 20 oktgmhetlal porelamimEaliloompoiadl oRhekhehanmeaptfalswpp liyong
exanple, Ti, TiN, TiSiNor WN. Nanely, the polishing conposition has both
functions ofithitgh thee@®lg@hisw g tef. tihe Raldsdinay@temialplesarkeation
of the insulating |ayer. In a case where 25 only the latter function is
used, it is AFEeffesongtitige & aemHoaition proddss riflisthingd | ed
interlayer insulating layers, a form ng process for shallow trench 24

i sol ation (SFPMPOELHEN i ke. The present polishing conmposition is highly
effective when the netal wiring lLayer is conposed of at |east one nenber
sel ect ed §rom t h&h§r BESSEHs POLIRR IGT CRMROFHHEOTS 18 1syid adn® dsiper
conpounds, but it is also possihle to apply it when the netal wiring |ayer
is a netal fPLAREGRICSSR &Y PHSRING FersUHArCrC R Raddipted 2f 2w ~ Ag,
Pt, or Au. Further, as the .above insulating |ayer, a.silicon 10 oxide film
i s known. SuF™dCENFUSEHEToXnEE TS 5C1‘if§’3‘atll orie d&podi &by a OD

et hod USInginsulating layer formed. Since the polishing composition

can control the removal rate of a metal wiring (for

10 example Cu), it is more suitable for use in polishing a
surface to be polished having a metal wiring layer, a
barrier layer and an insulating layer formed. In such a
case, the polishing composition is highly effective when
the barrier layer is a layer composed of at least one

15 member selected from the group consisting of tantalum, a
tantalum alloy and a tantalum compound. However, the
polishing compogition can also be used for films composed
of other metals, etc., and the sufficient effect can be
obtained also when the barrier layer is a f£ilm composed

20 of a metal or a metal compound other than tantalum, for
example, Ti, TiN, TiSiN or WN.

Namely, the polishing composition has both functions
of high speed polishing of the barrier layer and
planarization of the insulating layer. In a case where

25 only the latter function is used, it is also effective
for a planarization process of so-called interlayer

insulating layers, a forming process for shallow trench



tetraet hoxysilane (TECS). Further, in recent years, for the purpose of
suppressing a delay of signals, a case of using a low 15 dielectric
insulating |ayer instead of such an Si02 filmis increased. As such a
material, an SiOC filmobtained by a CVD nethod (chem cal vapor deposition
method) is known in addition to |lowdielegtric constant materials such as
a filmconposed of fluorine-added silicon oxide 20 (Si OF), an organic SOG (a
fil m cont ai niirgplat iengal8Tl) conpdrentikKer ned by "Spin on glass"), and a
porous silica film The sioc filmby the CVD nmethod is an extension of the
prior art from thevinawsentt pofl ishe ng coewr 28 iathrd qughlind&f essive
production technique in a wide application range is already available by
carrying out védyen dgi omtick evipriotesavamiig. competetl nof yat aleashndrae for 25
planarization of a filmusing such an insulating layer is desired. An
organi ¢ sili csnhait erglgcted £ 1aw-tdielaaun conphst g pRt@ri atopRgT for
exanpl e, be one known by 5 tradenane: Black Di anond (relative dielectric
constant: 5 2.8 104 |aneH IRRRSY HAHands, thderankes aoralpgseiaie vieo
dielectric constant: 2.7, Novellus Systens Inc.) or Aurora 2.7 (relative
diel ectric comtlahtit 2hen Adg mafen WIng laxsieciald yietakobblind havi ng

an Si-CH3 bond is 10 preferably used. The polishing conposition of the
present i nverimppsed of a metal other than Cu, for example, Al, W,

Ag, Pt, or Au.
Further, as the above insulating layer, a silicon

10 oxide film is known. Such a silicon oxide film is
usually one deposited by a CVD method using
tetraethoxysilane (TEOS) .

Further, in recent years, for the purpose of
suppressing a delay of signals, a case of using a low-

15 dielectric insulating layer instead of such an SiO; film
is increased. As such a material, an SiOC film obtained
by a CVD method (chemical vapor deposition method) is
known in addition to low-dielectric constant materials
such as a film composed of fluorine-added silicon oxide

20 (SiOF), an organic SOG (a film containing an organic
component formed by "“Spin on glass”), and a porous silica
film.

The SiOC film by the CVD method is an extension of
the prior art from the viewpoint of the process

25 technique, and a mass production technique in a wide
application range is already available by carrying out an

appropriate process tuning. Accordingly, a technique for



may suitably be used in a case where such various insulating |ayers are
enpl oyed. Further, in recent years, when a lowdielectric 15 constant film
of an organic silicon material is used, one having a cap |ayer forned

t hereon has been predomi nantly wused. It is an object of the cap layer to

i nprove the adhesion between the barrierad ayer and the organic silicon
material and to inprove the etching properties of 20 the organic silicon

mat eri al . Thelsnhrésatogindeff al fitlw ubéngsedchomrnaivsplesjog ilsyesudlsl y made
of a crosslinked structure of Si and 0, and the ratio of atomcity of S

to 0 is 1:2.de@heedr, there is a case where atons such as Nor C are
incorporated, and there is also a case 25 where e.g. Si3N4 and SiC are

i ncor porated as ABcexganic gbhpenennateThalpaFi ahlpy-dampesitiien of the
present invention may suitably be used also_in a case where such 26 a cap
| ayer is enpfepedantheaperidhi RgYcohPEsPERBRLIEF PReOprek8AWD BYention is
applicable to a_polishing nethod which conprises.  supplying a polishing
conposi ti%on ’EBaQeEB‘I“FSh?gﬁcbaﬁ}a&‘ﬁa%(Eﬁﬂﬁ iHg fABLEGEEACe COBSHENSG! i shed
into contact_ with_the, polishing._pad, tﬁ carry out polishinq by relatively
novi ng t he s%r?acépP51%§ MaFrEhedSanBCt he pERPSRRAREG:pS@Tall flrFeGéddsry,

pol i shi ng nag,hﬁ Eertorned whi | e the surfT e of the polishing pad is

subj ect ed t 09EBhBFET bRi AGREB2BY * bAi dgi NGVE EHH SYRGEIFoABE P nPF contact with

the SurfaceASLo%Qezp9lk%giggiegddielectric constant: 2.7, ASM Japan

K.K.). Especially, a compound having an Si-CH; bond is
10 preferably used.

The polishing composition of the present invention
may suitably be used in a case where such various
insulating layers are employed.

Further, in recent years, when a low-dielectric

15 constant film of an organic silicon material is used, one
having a cap layer formed thereon has been predominantly
used. It is an object of the cap layer to improve the
adhesion between the barrier layer and the organic
silicon material and to improve the etching properties of

20 the organic silicon material. The silicon oxide film to
be used for a cap layer is usually made of a crosslinked
structure of Si and O, and the ratio of atomicity of Si
to O is 1:2. However, there is a case where atoms such
as N or C are incorporated, and there is also a case

25 where e.g. Si3N, and SiC are incorporated as accessory
components. The polishing composition of the present

invention may suitably be used also in a case where such



The present polishing conposition is suitably used for a nmethod for form ng
an enbedded netal wiring, in which concave portions such as trench patterns
or viais holes for wirings are formed in an insulating |ayer on a
substrate, then, a barrier layer is forned thereon, and then e.g. Cu is
deposited to fill the concave portions bysgsputtering, plating or the |ike,
to have a surface to be polished and in which nethod, the Cu and the

barrier 20 | ayeapalayeantveednpiodMad.until the surface of the insulating
| ayer other than at the concave portions are exposed. In a two-stage

pol i shing proces§has pelidwhing Eogpok,it itme gfoltihehipae seorpdsivdranicof ide
present invention may be 25 used in any step of the polishing. Especially
when t he pol kppligabdepdsi B @oliishised mathod eddmh poinimhises step in which
the surface is polished fromthe state shown in 27 Fig. 1(b) as a polishing
stage after spppayinge aopalishimg dompdsdyeon tte teheosltiathe rcheuad i mari g.
1(d), dishing or erosion scarcely results, such being desirable. 5 EXAMPLES
Now, the Ppredarndimgethicosukiflacend addse Pddddhiad inpa mantdattaiwi it ttthe
reference to Exan%ges of the present invention (Exanples 1 to 3, and
Exanpl es 8 t ®olaphdm@ Peshpdratdara& YEearrpped ishiaenhas weltag ipelvio (1)
Preparation of polishing conposition Each polishing conposition in Exanples
1to 7 was PrEpELedhEs StaItagRs toaeadicd i shieshangd ddfpRmid i B4 -
If necessary, polishing may be performed while the
surface of the polishing pad is subjected to conditioning
10 by bringing a pad conditioner into contact with the
surface of the polishing pad.
The present polishing composition is suitably used
for a method for forming an embedded metal wiring, in
which concave portions such as trench patterns or via
15 holes for wirings are formed in an insulating layer on a
substrate, then, a barrier layer is formed thereon, and
then e.g. Cu is deposited to f£ill the concave portions by
sputtering, plating or the like, to have a surface to be
polished and in which method, the Cu and the barrier
20 layer are removed by CMP until the surface of the
insulating layer other than at the concave portions are
exposed.
In a two-stage polishing process as shown in Fig. 1,
the polishing composition of the present invention may be
25 used in any step of the polishing. Especially when the

polishing composition is used in a second polishing step

in which the surface is polished from the state shown in



buffering agent were added to water, followed by stirring for 10 mnutes to
obtain liquid a. Then, the conponent 15 (E) was dissolved in ethylene glycol
so that the solid content concentration would be 40 nass% and the
resultant was added to liquid a. Then, the conponent (B) was further added
thereto, followed by stirring for 10 mnpyes to obtain liquid b. 20 Then,
an aqueous di spersion of the conponent (A) was slowy added to the liquid
b, and then &ilasildldomsoanao lvieshigicgpwitpged déd etrthemgtem tanealjafsttiehe pH to
3. An aqueous solution of the conponent (D) was further added thereto,

fol |l oned by $eirmdiery leger30 te mittestate in Bigoll ehi nglicdnipusi tion.
Table 1 shows the types of the conponent (B), the conponent (E) and the
conpound (A) CTuSE@SIIPTe &3 ISedivp I %e saHd S hSusdh dsimaatdesisr des sy 28

t hereof, based on the total mass of the polishing conposition. Table 2
shows the types of the conponent (D), the acid, the basic conpound and the
pH buffering agent used and the concentrations thereof, based on the S
total nmas3 off LI5Sl i shing conposition. Pure water was used as water.
Further, in Conparative Exanples, A materials shown in Table 1 were used
instead of the &6Mpoth§ PEESERY) lpyersHiong vddaditg siescroii=sl ildhi ng was
performed using the foll ow ng apparatus under_the follow ng conditions.

Pol i shing apfdrated dedaly it ieransesratsamples of the present

invention (Examples 1 to 3, and Examples 8 to 12) and
Comparative Examples (Examples 4 to 7).
10 (1) Preparation of polishing composition
Each polishing composition in Examples 1 to 7 was
prepared as follows. BAn acid, a basic compound and a pH
buffering agent were added to water, followed by stirring
for 10 minutes to obtain liquid a. Then, the component

15 (E) was dissolved in ethylene glycol so that the solid
content concentration would be 40 mass%, and the
resultant was added to liquid a. Then, the component (B)
was further added thereto, followed by stirring for 10
minutes to obtain liquid b.

20 Then, an agqueous dispersion of the component (A) was
slowly added to the liquid b, and then a basic compound
was slowly added thereto to adjust the pH to 3. An
aqueous solution of the component (D) was further added
thereto, followed by stirring for 30 minutes, to obtain a

25 polishing composition. Table 1 shows the types of the
component (B), the component (E) and the compound (A)

used in each Example and the concentrations (mass¥%)



M RRA (made by APPLI ED MATERI ALS I NC.) Polishing pressure: 14 kPa 15

Rot ati onal speed: Platen (machine platen) 123 rpm head (substrate hol di ng
portion ) 117 rpm Polishing conposition supply rate: 200 m/mn Polishing
pad: 1Cl000 (made by Rhodel, Inc.) (3) Objects to be polished 20 The
following wafers were used. (3-1) Bl ankepgwafers (a) Wafer for eval uating
renoval rate of Cu (nmetal wring layer) An 8-inch wafer conprising a
substrat e andharkEd)0 bazedmt hihek tat dlayers sdepoditiee pd hiesteinng by pl ati ng,
was used. (b) Wafer for evaluating renoval rate of tantalum (barrier

| ayer) 29 Acddwposdit iwarl.er Tebdpr Rsshgwa sbhbstiyaees afid the2@@mprortemte k
tantal um | ayer deposited thereon by sputtering, was used. (c) Wafer for
eval uati ng refvaltheates i, $hE2 bagins Hanpamnd @yt )thn & iehf evairy
conprising a substrate and a 800 nm thick Si02 |ayer deposited thereon by
pl asma CVD, wasentusetd (d)d \tdfee rcdrgrerdved iamin g heamanfal baged ofn SGE (| ow
10 dielectric constant insulating |layer) An 8-inch wafer conprising a
subst r at esandokagomana athitdle $icdd shayng ateyrsd diteion hePage M tgirasi@s CVD,

was
used as water. Further, in Comparative Examples,

materials shown in Table 1 were used instead of the
compound (B).
(2) Polishing conditions
10 Polishing was performed using the following apparatus
under the following conditions.
Polishing apparatus: Fully automatic CMP apparatus
MIRRA (made by APPLIED MATERIALS INC.)
Polishing pressure: 14 kPa
15 Rotational speed: Platen (machine platen) 123 rpm,
head (substrate holding portion ) 117 rpm
Polishing composition supply rate: 200 ml/min
Polishing pad: IC1000 (made by Rhodel, Inc.)
(3) Objects to be polished
20 The following wafers were used.
(3-1) Blanket wafers
(a) Wafer for evaluating removal rate of Cu (metal
wiring layer)
An 8-inch wafer comprising a substrate and a 1,500
25 nm-thick Cu layer deposited thereon by plating, was used.
(b) Wafer for evaluating removal rate of tantalum

(barrier layer)



used. (3-2) Patterned wafer 15 An 8-inch wafer (tradenane: 831 BDMOOO nade
by International SEMAETECH) was used, which was fabricated by formng a
line pattern with a line density of 50%and a line width of from5 ~imto
100 pmon an insulating layer fornmed on a substrate, formng a 25 nmthick
20 tantalum | ayer by sputtering on the lipeg-pattern-formed insulating

| ayer, and further formng thereon a 1,500 nm thick Cu | ayer by plating.
(4) Method for ewal gatined eedreac taampstiisigidnfa polisthiate awhposid om25 The
renoval rate was calculated fromthe film _thicknesses before and after

pol i shing. Féhicke tapdadme favenfdaaas tigdntharganesy, sputterspectwvas Cu
and 30 tantalum a sheet resistance neasuring apparatus RS75 (nade by
KLA- TENCOR C#Sg6r-ation) was used, in which the thickness was cal cul at ed
fromthe surface resistance by a four prove nethod, and with respect to the
insulating 5 |aydeE) &afep ifes avnlertdnshaenmoypd, Hallg wladtidhat i ¢

fil mthickness neasuring _apparatus UV1280SE (rmade by KLA- TENCOR

Cor por ati ®n) ‘i&@sWeddnFdanete eval uation of the planarization

characteristics with respect to the dishing and erosion, a high resolution
profiler HRP100 FRade By FaeA. FOUEER CHDH G AURhratss ahd ¢ dH'freasur ed

the step height by ysing a stylus. (9 Bvaluation of poligaing, .
used.

(d) Wafer for evaluating removal rate of SiOC (low-

10 dielectric constant insulating layer)

An 8-inch wafer comprising a substrate and a 800 nm-
thick SiOC layer deposited thereon by plasma CVD, was
used.

(3-2) Patterned wafer

15 An 8-inch wafer (tradename: 831 BDM000, made by
International SEMAETECH) was used, which was fabricated
by forming a line pattern with a line density of 50% and
a line width of from 5 uym to 100 um on an insulating
layer formed on a substrate, forming a 25 nm-thick

20 tantalum layer by sputtering on the line-pattern-formed
insulating layer, and further forming thereon a 1,500 nm-
thick Cu layer by plating.

(4) Method for evaluating characteristics of polishing
composition

25 The removal rate was calculated from the film

thicknesses before and after polishing. For the

measurement of the film thickness, with respect to Cu and



waf ers The above respective bl anket wafers were used to 15 eval uate the
renoval rates of the netal wiring |layer, the barrier |ayer and the
insulating | ayer, respectively. The polishing conposition having a
conposition in each of the above Exanples was used in the evaluation. Table
3 shows the renoval rate (nnmfmn) of eachszgpf 20 the Cu, tantalum Sio, and
SioC filnms, obtained by using the blanket wafer. Fromthe results, it is
evi dent that tamtelpol,i shishgetomessidtaoreomddmipmes erdpd ratand iRS7Has a  hi gh
removal rate of tantalum and a relatively snmall renoval rate of Cu. It is
under st ood t Hatadef byudLA2TENGORacleemandtciomar evaappldestl, i pdhichhi tige
conposition can be obtained, which is suitable for polishing in the second
pol i shing st éhiwreess hashaalicarl dtaderfjon tdyguisuf B tesbetpotd dhed at a
hi gh renoval rate and the insulating layer is required to be polished at a
renoval rat e fieugh@rovenmetiog, omad kel thetzdsphat e {8 Meulating of
polishing characteristics of pattern 5 The patterned wafers were used to
eval uat e 8i sHIGT -af@® OR3<icol Wrarfsrenna ttemrd fwbiler fulereatpbti shed, a
two-step polishing nethod including a first polishing step of renoving the
netal W ring f|l&9\g?th&ﬁéﬁn§8§ewurﬁm9 SHBAF st B 28TV ipdaehdfkh er

| ayer was carried 10 out. As the polishing conposition_for the first

poi i shing st &FNCRRSIABNLE I@MpI&iS it dvas Fegedhewsiven vakdmraiafs taicuni na,

hydr ogen peroxide, citric a
y g P planarization é%

;¥acteristics with respect to the dishing
and erosion, a high resolution profiler HRP100 (made by
10 KLA-TENCOR Corporation) was used, which measured the step
height by using a stylus.
(5) Evaluation of polishing characteristics of blanket
wafers
The above respective blanket wafers were used to
15 evaluate the removal rates of the metal wiring layer, the
barrier layer and the insulating layer, respectively.
The polishing composition having a composition in each of
the above Examples was used in the evaluation.
Table 3 shows the removal rate (nm/min) of each of
20 the Cu, tantalum, S$i0; and SiOC films, obtained by using
the blanket wafer. From the results, it is evident that
the polishing composition of the present invention has a
high removal rate of tantalum, and a relatively small
removal rate of Cu. It is understood that if such
25 characteristics are applied, a polishing composition can

be obtained, which is suitable for polishing in the

second polishing step where the barrier layer is required



ammoni um pol yacryl ate and water in the concentrations of 3 mass% 4 nmass%
0.1 mass% 0.05 mass?s and 92.85 nmass% 15 respectively, based on the total
mass of the polishing conposition. In the second polishing step, a

pol i shing conposition having a conposition in the above each Exanple was
used. I n each Exanple, a patterned wafer Baving tantalumat 20 an excess
portion conpletely renoved by the first polishing step was prepared to
eval uat e t he tgedeoprdriched @atela indt ecemcstadp teaighindftidheinsisidtaingg | ayer
by the polishing conposition. At such a stage, the dishing was 10 nm and
t he erosion Waye30 immreguixegbdia iken peiltisheate 5 4 iremavalt hratfe Shigmgr and
therefore the maxi mum step height (corresponding to the portion identified
by synbol 9 itharFithat2ofwvdheomatmal 32 ri@g.carryi ng out the second polishing
step, the insulating layer of the wafer was renoved for 60 seconds to
measur e how m#dh umdpdionu ats e isdiigie dhanantes irdtiiges @ IR Yaiuced. The
value of the initial maxi numstep 5 height-the maxi num step hei ght after

pol i shing5was talk&®® PadtEr@edediddEiren WS ssUgshdigavaterdihHrresul ts
shown in Table 4, it can be understood that the polishing caonpositions in
Exanpl es ar e 3 €dsie®n-o FegucehenpastepredeWghersivetie Peildsdest o
stability of the polishing conposition  was eval uated by assessing the
change in thévasgdtrepiliiaheng Hssdhad pypaeding iy Fies Rl phing e

di anet er _ s
step of removing the metal wiring layer and a second

polishing step of removing the barrier layer was carried
10 out. As the polishing composition for the first
polishing step, a polishing composition was used, which
contains alumina, hydrogen peroxide, citric acid,
ammonium polyacrylate and water in the concentrations of
3 mass%, 4 mass%, 0.1 mass%, 0.05 mass% and 92.85 mass%,
15 respectively, based on the total mass of the polishing
composition. In the second polishing step, a polishing
composition having a composition in the above each
Example was used.
In each Example, a patterned wafer having tantalum at
20 an excess portion completely removed by the first
polishing step was prepared to evaluate the performance
to eliminate a step height of the insulating layer by the
polishing composition. At such a stage, the dishing was
10 nm and the erosion was 50 nm, at a position with the
25 line width of 5 um, and therefore the maximum step height
(corresponding to the portion identified by symbol 9 in

Fig. 2) was 60 nm.



i medi ately after the preparation thereof and that in one week after the
preparation thereof. The nean particle 15 di aneter was neasured using a

M crotrac UPA particle analyzer (made by Ni kkiso Co., Ltd.). O (good)
showed an increase in the nmean particle dianmeter within 50% and X (bad)
showed an increase in the nean particle dsaneter greater than 50% or one
whi ch caused gel ation. 20 Further, based on the polishing conposition in
Exanpl e 1, al so Bt Rareypast ous the isecahidc poliehtiyyge séfep alsdwsi ve particl es
as the conponent (A) was changed (Exanples 8 and 9), one in which the

nol ecul ar wei§Buletingullpyean ofs thise vedepomast remrvRss fHarffedq@udfml e 10)
25 and one in which ETA was chan%ed to TTA and its amount, was kept | ow
(Exanpl es 11t@nBie@syret ReWpBUcdhithe "eipudl Sitews hedypte i3y dfte e 14N t he
conpositions shown 33 in Tables 1 and 2, in the, sanme manner as in Exanples
1to 7. WheR2PhBepsrPYRFfy cERBo¥PLPENSE (ERanprResialt BaX2FumoBt&Pned are
evaluated in the sa manner as in Exanples 1 to 7, it is possible to
obtain the rBSEPRS -SREWRAKATETTZ5E8s s tghd 2ALter Bednmlddg Wamdaken as
shown in Table 3, the _ renoval rates of tantalum Si02 and Si OC were high.
on the ot hePfShkRE, TEAECERByQE Siep %PlégtmggﬂpomaFﬁﬁﬂ L5e ZREWATPN Tabl e

f Lo 1 eOucon ol SheB oo, | neeased: 0 Futhor, oy a Lo ol he
wring in Eé%ﬁBE%?t?En%h?np%i%%% ésn%%%t%%%éctive to reduce the step
height.

10 The dispersion stability of the polishing composition
was evaluated by assessing the change in the mean
particle diameter by measuring the mean particle diameter
immediately after the preparation thereof and that in one
week after the preparation thereof. The mean particle

15 diameter was measured using a Microtrac UPA particle
analyzer (made by Nikkiso Co., Ltd.). O (good) showed
an increase in the mean particle diameter within 50%, and
X (bad) showed an increase in the mean particle diameter
greater than 50% or one which caused gelation.

20 Further, based on the polishing composition in
Example 1, also with respect to one in which the type of
abrasive particles as the component (A) was changed
(Examples 8 and 9), one in which the molecular weight of
pullulan as the component (B) was changed (Example 10)

25 and one in which BTA was changed to TTA and its amount

was kept low (Examples 11 and 12), the polishing

compositions may be prepared with the compositions shown
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r-r ~-40ft :~rd0rdC (00rd (:; HC 0 ~Ar-AOr-A- H 41 ;:j 0 >,
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0O0O0Or-A~ 0~ ~j 0O 00O0H(dO4
in Tables 1 and 2, in the same manner as in Examples 1 to
7. When the polishing compositions (Examples 8 to 12)
obtained are evaluated in the same manner as in Examples
1 to 7, it is possible to obtain the results shown in
5 Tables 3 and 4.

In Examples 11 and 12, as shown in Table 3, the
removal rates of tantalum, Si0O, and SiOC were high. On
the other hand, the removal rate of Cu was low, and as
shown in Table 4, the reduction of step height increased.

10 Further, as a result of the observation by means of a
microscope, no scratches were observed in the Cu wiring

in Examples of the present invention.
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41 u (6 -ri (15 -,12 (15 -,1 M-Hrd -H MgH (0 -HM-HM-H fd -, |
zzzz~4zz~4z U rOwa) -HU LI) dQ U4 COHz mfil 00 O
U 41 r (DTABI&)3Z wz a) Q (D(DQ (Da) a) a) wr: 4 0uld0 ~ (Dro
fd MH M -H— Cu removal | Ta removal | SiO; removal |SiOC removal
Ex. | rate rate rate rate
(nm/min) (nm/min) (nm/min) (nm/min)
1 50 90 120 60
2 50 90 120 60
3 50 90 120 60
4 70 70 80 40
5 60 80 50 20
6 - - - -
7 40 100 100 60
8 40 100 100 60
] 40 100 100 60
10 50 90 120 60
11 40 120 80 80
12 40 100 80 80
TABLE 4
Ex iZ?gﬁti?Emif step Dispersion stability
1 40 O
2 40 O
3 40 O
4 10 O
5 10 O
6 - X
7 5 O
8 35 O
9 35 O
10 35 O
11 40 O
12 40 O




041 080x0x0x0x0x0x0x0x080x0x u~40-40-40-40
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1-1r014r014r014r014r014r0141, a) >1L a) >1 > 0Q >1a) >1 (D 1~
a) "l qg >1a "Il wMQ X04 ~11 04 X04 X04 XP4 X04 ~1l Q4 X04 X04 41
04 XP4 CNw Fg ri (NmLn wr- cc) olz3-H 36 TABLE 3 Cu renoval Ta
renmoval Si02 renoval SiOC renbval Ex. rate rate rate rate (nmmn)
(nmMmn) (nm m nThénehtiime #diSe¢le8ui2@ 60 J2apbhdege P2Geld 3 50 90 120 60 4
70 70 80 40 5 60 80 50 20 6 7 40 100 100 60 8 40 100 100 60 9 40 100 100
60 10 1 50 Appligat2oniNeO 20044063266sdf8bedl2nq¥atod 80 2004TABIE 4

Japanese Patent Application No. 2004-305238 (filed on
October 20, 2004) including specifications, claims,
5 drawings and summaries are incorporated herein by

reference in their entireties.



Ex. Reduction of step Dispersion stability height (nm 1400 2 40 0 3 40
0O 4100 5100 6 X 750 8350 9350 10350 11 40 0 12 40 0 37
The entire disclosures of Japanese Patent Application No. 2004-063366 (filed
on March 8, 2004) and Japanese Patent Application No. 2004-305238 (filed on
Oct ober 20, 2004) including specifications, clains, 5 drawi ngs and summrari es
are incorporated herein by reference in their entireties. 38 CLAIMS 1. A
chem cal nechanical polishing conpositCéAIMSr polishing a surface to be
polished in the production of a sem conductor integrated circuit device,
whi ch conpri sles: 2A5chemiqahanesdael gpatk tPel tshif®) conpeal ahonahdr
polishing a surface to be polished in the production of a
semiconductor integrated circuit device, which comprises:
5 (A) fine oxide particles,
(B) pullulan, and
(C) water.
2. The polishing composition according to Claim 1,
which further contains:

10 (D) an oxidizing agent, and

(E) a compound represented by the formula 1:

R N
\\\\\\fsz:> || Formula 1
N

~
N

wherein R is a hydrogen atom, a C;.4 alkyl group, a Ci.,
alkoxy group or a carboxylic acid group.
15 3. The polishing composition according to Claim 1 or 2,
wherein the component (B) has an average molecular weight
of from 10,000 to 1,000,000.
4. The polishing composition according to any one of
Claims 1, 2 or 3, wherein the component (A) is made of at
20 least one material selected from the group consisting of
silica, alumina, cerium oxide, zirconium oxide, titanium
oxide, tin oxide, zinc oxide and manganese oxide.
5. The polishing composition according to any one of

Claims 1 to 4, wherein the component (A) is silica fine



(C© water. 2. The polishing conposition according to Claiml1, which further
contains: 10 (D) an oxidizing agent, and (E) a conpound represented by the
formula 1: R-NNI1I Formula 1 /N wherein Ris a hydrogen atom a Cl 4

al kyl group, a Cl1_4 al koxy group or a carboxylic acid group. is 3. The

pol i shing conposition according to Cain3® or 2, wherein the conponent (B)
has an average nol ecul ar weight of from 10,000 to 1,000, 000. 4. The

pol i shi ng comeaediitiles .according to any one of Cdains 1, 2 or 3, wherein the
conponent (A) is made of at 20 | east one material selected fromthe group
consi sting oft.si |Tha, Palishing PP bikPReacP¥Ebny ub® o3 eone| Pani um

oxi de, tin oxide, zinc oxide and manganese oxide. 5. The polishing

conposi ti on &3&GM#H g bt Sanyhake gt the mompangnt 4(AWhes PRt dEne@npdnent
(A) is silica fine 39 particles. 6. The polishing conposition according to
any one of @raigmeunt @5 fugierdih thel & dtprientt i) compenrenti BH i®  an

anount of fromO0.1 to 20 nmass% the conponent (B) is 5 contained in an
amount of 5f r GARGBFFE I R FETHERHURGRE t mc%rﬁﬂ)%ueqﬂ’ 1o)M3StomBEnEREi n an

amount of from40 to 98 mass% to the total mass of the_ polishing
CoerOSition_component (C) 1s contained in an amount of from 40 tdé 98

mass%, to the total mass of the polishing composition.
7. The polishing composition according to any one of
Claims 2 to 6, wherein the component (D) is contained in
10 an amount of from 0.01 to 50 mass%, and the component (E)
is contained in an amount of from 0.001 to 5 mass%, to
the total mass of the polishing composition.
8. The polishing composition according to any one of
Claims 1 to 7, which is a polishing composition for
15 polishing a surface to be polished having a metal wiring
layer, a barrier layer and an insulating layer formed
thereon.
9. The polishing composition according to Claim 8,
wherein the metal wiring layer is made of copper, and the
20 barrier layer is made of at least one member selected
from the group consisting of tantalum, a tantalum alloy
and a tantalum compound.
10. A method for polishing a surface to be polished,
which comprises supplying a polishing composition to a
25 polishing pad, and bringing the surface to be polished
into contact with the polishing pad, to carry out

polishing by relative movement between them, wherein the



7. The polishing conposition according to any one of Clains 2 to 6, wherein
the conponent (D) is contained in 10 an anmount of from0.01 to 50 mass%
and the conponent (E) is contained in an anmount of from0.001 to 5 nass% to
the total mass of the polishing conposition. 8 The polishing conposition
according to any one of Clains 1 to 7, 4hich is a polishing conposition for
is polishing a_surface to he polished having a netal wiring _|ayer, a
barrier |ayePoih8haRdi AOUPESiRdCRafer dpdined ibhep¥orne ofTkd addS dhi ng
conposition according to Claim8, , wherein the netal wiring |ayer is nade of
copper, and £ERe® 28 HaPfi 8f PaPelisbipgdeteP aftraasd baxe lFentayLelistt ed
fromthe group consisting_of tantalu tantalumall oy and a tantalum
conmpound. 108*XRCABENBY PBF1EBPP§h?n@gga§uWF§&€9t&aB@rpolished, whi ch
conprises supplying a polishing conposition to a 25 polishing pad, and
bringing the surface to be polished into contact with the polishing pad, to
carry out polishing by relative novenent between them wherein the 40
pol i shing conposition as defined in any one of Clains 1 to 9 is used at a
polishing step after a harrier layer is exposed by polishing a netal wiring
| ayer.





