- 1 POLI SH NG COWPGOSI TI ON AND PROCESS FOR PRODUCI NG W RI NG STRUCTURE USI NG
| T The present invention relates to a polishing 5 conposition to be used
for production of a wiring structure in a sem conductor device, and a
process for producing a wiring structure using it. In recent years, ULSIs
and the like to be used for conputers have been devel oped for high
integration and 10 high speed, and along with such progress, a wiring
structure in a sem conductor |ayer has been progressively refined. A wring
structure in a sem conductor device wusually conprises an insulating |ayer
having wiring grooves on its surface, a barrier |ayer which protects 15 the
i nsul ating layer and a conductor |ayer constituting a wring portion. Al ong
with refinenent of such a wiring structure, the resistance of the wiring

i ncreases. Accordingly, use of a netal material containing copper which
has a | ow resi stance has been studied as a wring 20 material to be used for
formation of a conductor layer. -2- Awring structure is produced usually
by the followi ng process. First, a barrier |layer nade of a

tant al um cont ai ni ng conpound (such as tantalumor tantalumnitride) is
formed on wiring grooves of an 5 insulating |layer, and then a conductor

| ayer is fornmed on the barrier layer. Then, the conductor |ayer and the
barrier layer are polished by CW (chem cal nmechanical polishing) process
to planalize the surface of the wiring structure. In this polishing
process, in a first 10 polishing step, theqconductor layer is polished so
that the barrier layer at a portion other than a portion corresponding to
the wiring grE@VESHING eXQUR@IITIONNANDNPROCESS FOR PRODUCING WIRING

STRUCTURE USING IT

The present invention relates to a polishing
5 composition to be used for production of a wiring
structure in a semiconductor device, and a process for
producing a wiring structure using it.
In recent years, ULSIs and the like to be used for
computers have been developed for high integration and
10 high speed, and along with such progress, a wiring
structure in a semiconductor layer has been progressively
refined. A wiring structure in a semiconductor device
usually comprises an insulating layer having wiring
grooves on its surface, a barrier layer which protects
15 the insulating layer and a conductor layer constituting a
wiring portion. Along with refinement of such a wiring
structure, the resistance of the wiring increases.
Accordingly, use of a metal material containing copper
which has a low resistance has been studied as a wiring

20 material to be used for formation of a conductor layer.



a second polishing step, the barrier layer is polished so that the
insylating |ayer at a portion other than a 15 portion corresponding to the
wiring grooves is exposed. As a polishing conposition to be used for
production of a wiring structure, one conprising an abrasive, an oxidizing
agent, a conplexing agent and a filmformng agent has been known
(JP-A-11-21546). Further, a 20 polishing conposition conprising an etching
agent for an oxidized nmetal, an agent capahle of form ng a protection

film and an agent for assisting the dissolution of said agent capable of
form ng a protectA ofifiddgn sthasthesn ikmvedydMd Q30844 )by Byhé he pol i shing
conpositions 25 disclosed in such Patent Docunents, the surface of a netal
oxi di zed by tfd leowidizigpagant Firsanphekeadriédi 3agkyeapdbyofftha conpl exi ng
agent (the etching agent - 3 for an oxidized netal), whereby the polishing
force agai ntfarscadiuni—upntetialineg dargpeeasked.sudlr taertam@alasican on t he
surface of the conductor |ayer is suppressed by the filmformng agent (the
agent capabl eaftalommmigrmide) preotimotmeagh dn Wirindher ddvesalodvexrdi scl osed
pol i shing composition is wused, the conductor |ayer may be excessively

pol i shed, 5 whersshiya tsimgh laysrenamehdhgrdiss monguater degrar tilmatf drimed sar f ace
of the conductor |ayer recedes down fromthe 10 surface of the insulating

| ayer. Furthethe theerhian ileryed .ayBheand thReconduksbicngaleyeandt theporti on
close to the barrier |ayer may be excessively polished, whereby such a
phenonenon ( framy)iemyl axssuranehao iiishashiy §MH dypdremiimd]l meshamsidadt i ng | ayer
recede down fromthe surface of the 15 conductor |ayer. Accordingly, when
such a convemdldmdtingolnraness compisinalors $hes swr fans é)frrﬂi)hebévlrlng

irregularities on the surface of a_wiring structure due
structure. In this polishing process, in a first

10 polishing step, the conductor layer is polished so that
the barrier layer at a portion other than a portion
corresponding to the wiring grooves is exposed. Then, in
a second polishing step, the barrier layer is polished so
that the insulating layer at a portion other than a

15 portion corresponding to the wiring grooves is exposed.

As a polishing composition to be used for production
of a wiring structure, one comprising an abrasive, an
oxidizing agent, a complexing agent and a film forming
agent has been known (JP-A-11-21546). Further, a

20 polishing composition comprising an etching agent for an
oxidized metal, an agent capable of forming a protection
film, and an agent for assisting the dissolution of said
agent capable of forming a protection film, has been
known (WO 00/39844). By the polishing compositions

25 disclosed in such Patent Documents, the surface of a
metal oxidized by the oxidizing agent is complexed

(dissolved) by the complexing agent (the etching agent



to such dishing or fang. Under these circunstances, the present invention
has., 20 been made to sol ve the above problens of the conventional

technology. it is an object of the present invention to provide a polishing
conposition which can suppress irregularities on the surface of a wiring
structure and w th which a favorable stock renoval rate can be 25 obtained.
The present invention provides a ]Jbolishing conposition conprising the
foll owi ng conponents (a) to - 4 (e) : (A)3 silicon dioxide, (b) an al kaline
conpound, (&) an anticorrosive, 5 (d) a water soluble polyner conpound, and
(e) water. Fdorhén opHdigess @atdlnvetisgieyr dhed@eld shigedPrdeor produci ng
a wring structure, which conprises B polishing a wiring structure conprising
an i nsul at i ng98dnSEy & YHALNS MRS Ind SyrisGreased i t§u§5%?§eeF°§rB§F-PFler

| ayer fornmed on the insulating | ayer and a conductor |ayer formed on the
barrier | ayePhakdec SMNLACS ie eI FERAUGHIhd ANST AF GUERAESSesH Bhat t he
conductor layer remains aonly in the wiring grooves, characterized in that
15 the proceddecdigm f&rming pgeniol (the Rgedtte sy ihitRyF™insk aconduct or

| ayer until the barrier |layer at a portion other than a portion
corresponﬁin@rPGQH%§QH i )grooves i s exposed and a second polishing step

exposed.  and | - TP GH 0TS Eh 1oL S Yol i h G T ol But by
?ﬁsgit im;nf h?ﬁ%%%‘éﬁﬁ%ﬁ%f&u%t%% %.Sl}etri (I)nré{y b%c%%ccgsi?s%\}e(h} %eolplrs%seeé‘ult
whereby such a phenomenon (dishing) may occur that the
surface of the conductor layer recedes down from the
10 surface of the insulating layer. Further, the barrier
layer and the insulating layer at a portion close to the
barrier layer may be excessively polished, whereby such a
phenomenon (fang) may occur that the barrier layer and
the insulating layer recede down from the surface of the
15 conductor layer. Accordingly, when such a conventional
polishing composition is used, there may be
irregularities on the surface of a wiring structure due
to such dishing or fang.
Under these circumstances, the present invention has
20 been made to solve the above problems of the conventional
technology. It is an object of the present invention to
provide a polishing composition which can suppress
irregularities on the surface of a wiring structure and
with which a favorable stock removal rate can be
25 obtained.

The present invention provides a polishing

composition comprising the following components (a) to



step in production of a wring structure, irregularities on the surface can
be suppressed, and further, a 25 favorable stock renoval rate can be

obtained. |In the acconpanying drawings: Fig. | is an enl arged
cross-sectional view- 5 - illustrating a wring structure. Fig. 2 is an
€nl arged cross-sectional view illustrating a lamnate. Fig. 3 is an

enl arged cross-sectional view5 illustrating a |amnate after conpl etion of

a first polishing step. Fig. 4 (a) is andenl arged cross-sectional view
illustrating a substantial portion of a |lam nate after conpletion of a
first polishilBy:step, and Fig. 4 (b) is 10 an enl arged cross-sectional view
illustrating a substantial portion of a wiring structure. Fig. 5is an

enl arged cross- sé@®i SAaLCOPe1OKiAGst rati ng a substantial portion of a

Wi ring structure. _ Now, ihe Eresent invention will be described in 15 detai
with reference td®¥nh8hppekelisd ERBBAFAENts. POLI SHI NG COMPOSI TI ON ( a)
Silicon Dioxide Th ol i shi,ng conposition of the present invention

conpri ses siIicoﬁcsig?iagpl?gF§°§'VFcon di oxi de 20 functions mainly as
abrasive grains fay, nechanical | i shing. The silicon di.oxide may, for
exanpl e, be col It )dﬁlW?FFFCﬁ°38§ﬁ?0?82V%§FO§PPpPHHéd &fica (fumed Si @)
or precipitated silica % recipitated Si02). Such a silicon dioxide nay be
used al one or in ‘E3n¥Rh Eron of 25 two or nore of them Anpng them

preferred is coI%pi | _silica_or fumed siw.ca which is excellent in
di spersion st abif ity Srd WG RIHTE FAY GO RavseT & £rocess

for producing a wiring structure, which comprises
polishing a wiring structure comprising an insulating
10 layer having wiring grooves on its surface, a barrier
layer formed on the insulating layer and a conductor
layer formed on the barrier layer and completely embedded
in the wiring grooves, so that the conductor layer
remains only in the wiring grooves, characterized in that
15 the process comprises a first polishing step of polishing
the conductor layer until the barrier layer at a portion
other than a portion corresponding to the wiring grooves
is exposed and a second polishing step of polishing the
exposed barrier layer until the insulating layer is
20 exposed, and in the second polishing step, polishing is
carried out by means of the above polishing composition.
According to the present invention, in a polishing
step in production of a wiring structure, irregularities
on the surface can be suppressed, and further, a
25 favorable stock removal rate can be obtained.
In the accompanying drawings:

Fig. 1 is an enlarged cross-sectional view



- 6 ‘imrediately after preparation of the polishing conpositionis likely
to be continuously maintained, and nore preferred is colloidal silica. The
average particle size of the silicon dioxide is 5 preferably at |east 0.01
pm nore preferably at least 0.03 pm with a viewto obtaining a sufficient
stock renoval rate. On the other hand, it is preferably at nost 0.5 pm
nore preferably at nost 0.3 pin, with a view to efficiently suppress
irregularities on the surface. 10 The avefage particle size neans an average
particles size (DN4) by neans of a laser light diffraction nethod. The
pol i shi ng corpbsstranind aheipiegentriavention is suitably used for
production of a wiring structure conprising an insulating |ayer having
wiring grooves oRigs gtésséﬁfQEé?rEeéoﬁﬁeéﬁoﬁepﬁy@ﬂaénﬁé&@éd in the wiring
grooves and a barrier |ayer_present between the insulating |ayer and the
conduct or | aybluskEabbagra bbaMin@Fei nafter. Wth a view to obtaining the
stock renoval rates of the insulating |layer and the_barrier layer in a 20
wel | bal anced maf#g€r BoiSsBBheRA2EEEA €aPFSnSertipgalpVaflrred to use a
silicon dioxjde (first particles, average particle size D) having a |large

)
aver age partittestesringng hasirrtenafreki aempietsnn phrei ELESt average
particle size D2) having a particle size smaller than 25 that of the first
silica) in JOMbITRIFONSC9Re average particle size DI is preferably at |east

0.03 pm nore ref er abl at least 0.05 pun, with a view.to.i roving the -
7 stock renoval Fidt e2of 3 hiSi ABuFRLRREeRagEPSSOReEHEoBAter i Hand, 1 he

most 0.1 pm b EATEECHE ¢ ooRRFrFRPEnd | BOEEBER 8t Ag AP BB bR AR T EPES on ¢ he
surface. completion of a first polishing step, and Fig. 4 (b) is
10 an enlarged cross-sectional view illustrating a
substantial portion of a wiring structure.
Fig. 5 is an enlarged cross-sectional view
illustrating a substantial portion of a wiring structure.
Now, the presént invention will be described in
15 detail with reference to the preferred embodiments.
POLISHING COMPOSITION
(a) Silicon Dioxide
The polishing composition of the present invention
comprises silicon dioxide. This silicon dioxide
20 functions mainly as abrasive grains for mechanical
polishing. The silicon dioxide may, for example, be
colloidal silica (colloidal SiO;), fumed silica (fumed
Si0;) or precipitated silica (precipitated SiO;). Such a
silicon dioxide may be used alone or in combination of
25 two or more of them. Among them, preferred is colloidal

silica or fumed silica, which is excellent in dispersion

stability and with which the stock removal rate



5 The average particle size D2 is preferably at nost 0.1 pm nore
pref-erably at nost 0.05 pm with a viewto obtaining a sufficient stock
renoval rate of the barrier |layer. On the other hand, the average particle
size D2 is at least 0.01 ~un, nore preferably at least 0.02 pm 10 with a
view to obtaining a sufficient stock renoval rate of the barrier layer. In
a case where it is required to inprove the stock renoval rate of the
insulating |layer rather than the stock-reémval rate of the barrier |ayer,
it is preferred that the content of the second particles 15 is higher than
the content émmeRdatiedst agiet Prepargyiophefother bedd@hing a case where it
is required to inprove the _stock renmpval rate of the barrier |ayer rather
than the st 6ORPPSAHBIEN fAgt d ifelyhdq hsucontiguonpdy, Mmalntalingdef &ded t hat
the content of the second particles is_20 higher than the content of the
first partichege prefesreehisorolheishli &84 ideoxi de in the polishing
conposition is preferably at |east 0.01 mass% nore _preferably at, least 0.1
mass% with a vi ke @VEBEENRRS t s isdizhto s ttd Sldisa Faedefig he
insulating layer 25 _and the barrier layer. On the other hand, it is
preferably aPTRESEaPdYndssdradsr & -Prletdy aBryeaPrefserabdy fdsd®ASkith a view
to efficiently suppressing - 8 irreqularities on the surface. _(b) Alkaline
Conpound The %p8Pi gﬁ‘i'n@”@ é’ilﬁwor?oo%%ttﬁénﬁpgsé‘ntsuif &R STOSKpri ses an
al kal i ne compound. .The al kali ne, co und, 5 aas. functign to_inprove the
fate of chenFEBPYAY Fefing, OMSHRR GRDSFKERTAe LbmpBURECRESBEYeREher an
organi ¢ substanc r.an inorgani ¢ substance _dependi,ng_upon.the _situation,
but is pref ef“gﬁlty%a?’ M8 s "5 1ve BrEmSé l%’gléll é&%t g‘(?sl%f ;60% g’ﬂ"é &’rl&%bacéfﬁselwsti ng of
anmont a, an %%‘%%f&%q%%%ﬂ§ suppress irregularities on the surface.
10 The average particle size means an average particles size
(Dya) by means of a laser light diffraction method.
The polishing composition of the present invention
is suitably used for production of a wiring structure
comprising an insulating layer having wiring grooves on
15 1its surface, a conductor layer embedded in the wiring
grooves and a barrier layer present between the
insulating layer and the conductor layer, as described
hereinafter. With a view to obtaining the stock removal
rates of the insulating layer and the barrier layer in a
20 well balanced manner for such an application, it is
preferred to use a silicon dioxide (first particles,
average particle size D1) having a large average particle
size and a silicon dioxide (second particles, average
particle size D2) having a particle size smaller than
25 that of the first silica) in combination. The average

particle size D1 is preferably at least 0.03 pum, more

preferably at least 0.05 um, with a view to improving the



10 and an al kali nmetal hydroxide, nore preferably amonia or potassium’

hydroxi de. The content of the al kaline conmpound in the polishing

conposition is preferably at |east 0.01 mass% nore preferably at least 0.1

mass% with a viewto 15 obtaining a sufficient stock removal rate and in

view of stability of the polishing conpound. On the other hand, it is

preferably at nost 10 nass% nore preferably at nost 2 mass% in view of

safety in handling of the conposition and with a view to suppressing

corrosion on 20 the surface. (c) Anticorrosive The polishing conposition of

the present Bteekt removednpetsesfathenineviabingelayhe .an®icoheostherhas a

function to protect the surface of the conductor |ayer 25 from corrosion,

t hereby to sbppfesther puguhaei Phssichet BdézesDLf Asepraferabhyapt most

anticorrosive, at |least one of benzotriazole, benzimdazole, triazole,

i m dazol e, -093 umlyhpreapseéerabdyaalenpest Pvé tier wathi 8 view. tAnong

them benzotriazole or a derivative thereof is preferred, which has a high

anti corrosi veféfiréentlyheuppnessingz srsegudpiribip@eonafhef spréraspl e, be 5

1- (1, 2-di car boxyet hyl ) benzotri azol e, )

1-[ N, N- bi 5( hifBeoRyerRgF) RAFhéFeehFLEBeR3oLFi RESFferably at most 0.1

1- (2, 3-di hydroxypropyl ) benzotri azole and_ 1-(hydroxynet hyl)benzotri azol e.

The content Bt RETEnPrederadilyveatnmPié BolPsHingWith 8oWp6Y¥i tPon is

preferably at_ | east 0.001 $s% nore referably at least_ 0.01 nmass% wth

a viewto sQPtPAPEROI § §Hggﬂ€§§PﬁgSFPFEgE?QPVFFe§a6ﬁ P%etEGrPQE§1e§uch as
e D o

Fang o o SN0 AR NS B2 Wand ! Lfe MESI85 Y BlcfDSL1 40 FRos% more

is at least 0.01 um, more preferably at least 0.02 um,

10 with a view to obtaining a sufficient stock removal rate
of the barrier layer. In a case where it is required to
improve the stock removal rate of the insulating layer
rather than the stock removal rate of the barrier layer,
it is preferred that the content of the second particles

15 is higher than the content of the first particles. On
the other hand, in a case where it is required to improve
the stock removal rate of the barrier layer rather than
the stock removal rate of the insulating layer, it is
preferred that the content of the second particles is

20 higher than the content of the first particles.

The content of the silicon dioxide in the polishing
composition is preferably at least 0.01 mass$%, more
preferably at least 0.1 mass%, with a view to obtaining
sufficient stock removal rates of the insulating layer

25 and the barrier layer. On the other hand, it is
preferably at most 20 mass%, more preferably at most 15

mass%, with a view to efficiently suppressing



15 mass% with a view to maintaining a sufficient stock renoval rate. (d)
Wat er Sol ubl e Pol ymer Conpound The poli shing conposition of the present
invention conprises a water soluble polynmer conpound. The water 20 sol uble
pol ymer conpound has an effect to suppress irregularities on the surface in
conbination with the alkaline conmpound or the anticorrosive at the tine of
polishing. As such a water sol uble polynmer conpound, various 25 polyners
havi ng hydrophilic groups nay be used, ang -specifically, it may, for
exanpl e, be a polysaccharide or a vinyl polyner. - 10 The pol ysacchari de
may, for exanpkeguberstaeshon &gl spaceice,. gl ycogen, water sol uble

cel lul ose, pullulan or elsinan. Further, the vinyl polyner may be a vinyl
pol ymer havi rip) hidkephinkei €ogpoupsl such as hydroxyl 5 groups, carboxyl groups
or sulfonic acid groups, for exanple, a polyvinyl alcohol. The polishing
conposition of (e modseiinonwempositdompofséheapriesasit dmyesititdrem  and
anong them water soluble cellulose, pullulan or a polyvinyl alcohol is
preferred i ncompwistserbepl&nling epmpoungdf. sTperabtisahinéereegmpbandti es on
the surface. Such a water soluble polynmer conpound may have various

mol ecul ars wehght 8, fungtion tRe IPOrOIRi K§ScHApEsPLi hepficalhpopiebdng -

i nvention, the polysaccharide has a nol ecul ar  weight, as the nunber average
nol ecul ar meﬁ@ﬁg a8 #3kadning sORRoREdpBRYsPpr eAEhest apr eXgARBLY from 100, 000
to 5,000,000, nore preferably from, 200,000 to 2,000,000, and the vinyl

pol ymer has &URSEEBGRaPTWeRgHTPOSHaPLEr SPREEFNCer 8PEAIADE 185061600, nore

referably from 50,000 to 00, 00Q.
P y sgtuation, ut %s bre%erably at least one member selected

from the group consisting of ammonia, an amine compound
10 and an alkali metal hydroxide, more preferably ammonia or
potassium hydroxide.

The content of the alkaline compound in the
polishing composition is preferably at least 0.01 mass%,
more preferably at least 0.1 mass%, with a view to

15 obtaining a sufficient stock removal rate and in view of
stability of the polishing compound. On the other hand,
it is preferably at most 10 mass%, more preferably at
most 2 mass%, in view of safety in handling of the
composition and with a view to suppressing corrosion on

20 the surface.

(c) Anticorrosive

The polishing composition of the present invention
comprises an anticorrosive. The anticorrosive has a
function to protect the surface of the conductor layer

25 from corrosion, thereby to suppress irregularities on the
surface. As such an anticorrosive, at least one of

benzotriazole, benzimidazole, triazole, imidazole,



20 The content of the water sol uble polymer conpound in the polishing
conmposition is preferably at least 0.001 nmass% nore preferably at |east
0.01 mass% with a view to maintaining a sufficient stock renoval rate of
the conductor |ayer and efficiently suppressing 25 irregularities on the
surface. On the other hand, it is preferably at nost 10 nass% nore
preferably at nost 1 nass% with a viewto maintaining a sufficient stock -
11 renoval rate of the barrier |ayer and suppressing occurrence of

di shing. (e) Water The polishing conmposition of the present invention 5
conpri ses watterlyds riaficslzer sirgh avetinimadyive ddlergnf s widedh Amengespective
conponents are dispersed or dissolved. Water is preferably water containing
i mpurities aghHent henmotposddle off téh dendvatgive thgmmaebsingprefeniedon of
the effects of the other 10 conmponents, and specifically, it is preferably
pure water ohigh mhgsuree histteraftristampvisive dqaty. | Ghe Penzogmivedlepy an
ion exchange resin and then foreign matters are renoved through a filter or
a distilled watrvayifve @awi Aiqrg esgmlels bihe pol i shing conposition of the
present invention mnmay contain _an oxidizing agent as the case requires. The
oxi di zi ng5agémt (Ihas dHifaafreptethy Harast tiveskock renoval rate of the
conductor layer. Further, the stock renoval rate of the conductor |ayer

wi |l be adj ustedV B i Gudneaiinwf) anhdandenk ezt o2 ate oxi di zi ng
agent, whereby it becones possible to nore effjiciently suppress

irregulariti és‘%%‘ﬁse‘-hs){ﬂ’?"&g T ORI RENABEHANS f¥ht - may, for exanple, be

hydr ogen peraoxi de,. a persuyl fate, a eriqdate, a perchlorate or a nitrate,
o¥ angoxigizi%ﬁfkydrOJJ eéhyl benzot 1azéie. P

The content of the anticorrosive in the polishing
10 composition is preferably at least 0.001 mass%, more
preferably at least 0.0l mass%, with a view to
sufficiently suppressing irregularities on the surface
such as fang or dishing. On the other hand, it is
preferably at most 10 mass%, more preferably at most 2
15 mass%, with a view to maintaining a sufficient stock
removal rate.
(d) Water Soluble Polymer Compound
The polishing composition of the present invention
comprises a water soluble polymer compound. The water
20 soluble polymer compound has an effect to suppress
irregularities on the surface in combination with the
alkaline compound or the anticorrosive at the time of
polishing.
As such a water soluble polymer compound, various
25 polymers having hydrophilic groups may be used, and
specifically, it may, for example, be a polysaccharide or

a vinyl polymer.



25 netal salt. It is preferably hydrogen peroxide solution which is easily
avail abl e and contains netal inpurities in a small amount. - 12 The
content of the oxidizing agent in the polishing conposition is preferably
at least 0 mass% nore preferably at least 0.1 mass% with a viewto
obtaining an effect of adjusting the stock renoval rate of the 5 conductor
| ayer. On the other hand, it is preferably at nost 20 mass% nore
preferably at nost 5 mass% with a view g0 reduci ng excessive polishing of
the conductor |ayer and effectively suppressing irregularities on the
surface. 10 (g) dHeepdomearahrsidhengyol | & rexaoiposilbe oscafclh he present

i nvention may contain another conponent such as a chelating agent, a

t hi ckener, aamyhwpsicitiier,, gdyagstemr evedrer o lagdrt ced 1ydrasser \atl el ama
fungi cide or an antifoanm ng agent as the 15 case requires in accordance wth
a conventionglr e8tshodn. TRerpbkershihg vonpdspoilymesf maiebpr asemnnyilnvent i on
is prepared by dissolving or dispersing the above respective conponents in
wat er. The neiomhesf hagiigwo hyidreorhorl igi graurisosuch @st ivsioxyand t he or der
of 20 m xing and the nmethod of m xing the respective conponents are not
particul a¥ | y griomipsed carfpeoxpt eraunrs o3 issHifmpicomsost 9rovrst, tiar present
invention is not particularly limted, and nmay be_ adjusted by the anount of
an aci d or tkXamUe add@PlyMiavis adigahelyr eTBRaBPY 1FhéRET7 COMPESLELiORDT e
preferably from8 to 10, with a view to nmaintaining favorabl e handling
effici ency oPft F&epHTeHFNty CBIFPBIM GPTRriEes Pe IeASS NG Lo ti on of
the present invention
and among them, water soluble cellulose, pullulan or a
polyvinyl alcohol is preferred in view of excellent
10 effect of suppressing irregularities on the surface.
Such a water soluble polymer compound may have wvarious
molecular weights, and for the polishing composition of
the present invention, the polysaccharide has a molecular
weight, as the number average molecular weight as
15 calculated as polystyrene, of preferably from 100,000 to
5,000,000, more preferably from 200,000 to 2,000,000, and
the vinyl polymer has a molecular weight of preferably
from 10,000 to 500,000, more preferably from 50,000 to
200,000.
20 The content of the water soluble polymer compound in
the polishing composition is preferably at least 0.001
mass%, more preferably at least 0.01 mass%, with a view
to maintaining a sufficient stock removal rate of the
conductor layer and efficiently suppressing
25 irregularities on the surface. On the other hand, it is

preferably at most 10 mass%, more preferably at most 1

mass%, with a view to maintaining a sufficient stock



may be prepared, stored or transported in the formof a stock solution
havi.ng a rel atively high concentration, so that it may be diluted for use
at the time of actual 5 polishing operation. The above-nentioned preferred
range for the concentration is one for the actual polishing operation.
Needl ess to say, in the case of adopting such a method of use, the stock
solution during the storage or transportation is a solution having a higher
10 concentration. POLI SH NG PROCESS The pol ishing process by the present
invention is to polish a wiring structure conprising an insulating |ayer
havi ng wi ri ngegovetesade ioifs tder fomce,iexr derysuctmd |ssypmreskimgnbedded in the
W ring grooves and a barrier |ayer present between the insulating | ayer and
t he conduct opccliayenceby ft lde siiangs- ment i oned pol i shing conposition. Now,
the wiring structure will be explained in detail below prior to explanation
of one enbodi(eeniWager 20 the polishing process by the present invention. As
shown in Fig. 1, a wiring structure 11 in a sem conductor device conprlses
an insulating | a)if&qe ®1itshiing cdmuarg tgrasbvals the @mresentsukiveretien barri er

| ayer 14 which protects the insulating |ayer 13 and a conductor 25 |ayer 15
constit ut? ngCaMEKASE§ peteroRs Théllismedisigm meddum inr @i Sodyeptodves 12 is
covered with the barrier |layer 14, and the conductor layer 15 is enbedded
inthe - 14 Wﬁﬂﬁért@ﬁdée@PeFﬁéVﬁaFPW@PWQQ%ﬁ'@P@ diseersad @ | ayer 14 s
present between the insulating |ayer 13 and the conductor layer 15 to
prevent the @éﬁﬁ@%@ﬁ@-ofwﬁﬁér éSnHEEﬁBFabéyeWaESrfF@ﬁFBéPh@gdlffused into
the 5 insulating layer 13. _The _surface of, _the wnrlng structure 11 is

snoot hl y f or AERUEY RS asndd&de Pgy Sespiblgwith a” view to

suppressing inhibition of the effects of the other

10 components, and specifically, it is preferably pure water
or ultrapure water from which impurity ions are removed
by an ion exchange resin and then foreign matters are
removed through a filter or a distilled water.
(f) Oxidizing Agent

15 The polishing composition of the present invention
may contain an oxidizing agent as the case requires. The
oxidizing agent has an effect to improve the stock
removal rate of the conductor layer. Further, the stock
removal rate of the conductor layer will be adjusted by

20 adjustment of the concentration of the oxidizing agent,
whereby it becomes possible to more efficiently suppress
irregularities on the surface. Such an oxidizing agent
may, for example, be hydrogen peroxide, a persulfate, a
periodate, a perchlorate or a nitrate, or an oxidizing

25 metal salt. It is preferably hydrogen peroxide solution
which is easily available and contains metal impurities

in a small amount.



barrier layer 14 and the insulating | ayer 13. As specific exanples of an
insulating material to be wused for the insulating |ayer 13, in general,
Si02 or 10 SiOF, or a low dielectric constant insulating material called a
Low-k material nmay be nentioned, and the insulating |layer 13 is forned by
means of e.g. CVD (chenical vapor deposition) process fromSi H4, SiH2Cl 2,
TECS (tetraethoxysilane), an organic silicon conpound or 15 the like as a
starting material. The wiring grooves R 1l2are forned by known I|ithography,
pattern etching or the |1|ike based on the circuit design of a sem conductor
devi ce. The barrTBe Fapéent4ofsther prddizinpl goppsmia thenPld®hddst ai ni ng
conpound such as tantalumor tantalum 20 nitride by nmeans of sputtering or
the |ike. TheompemdhteBr 1fapErfesapiyvsatmbgaskofh Ieeﬁﬁ%r BPr8 copper all oy.
The copper allo for exanple, be usually a copper-alum numalloy or a
copper-titanPh ﬁFP%}Y ?HelﬁP? n& StPagthr eWithi @ PieYuERdOPEBANéRNDi e, as

25 follows. First,_ as s? mg 8 é an i sulatlng | ayer 13, a barrier
layer 14 and®® €bREGEtBF P 9@?*6113 aF PhAFhaF8BOY8Lf BRRPaCfafl'Rate 16. on
the surface of the - 1 conductor, | a 1 |tJaI concayve grooves 17

deri ved %roﬁ?ﬁ\ﬁgPFﬁar Eﬁ%%s 190 grhe f%ﬁﬁ?ﬁs‘ﬂq" %é%ﬁ%ﬁl%lf ahr ocess,
the initial conca%g 8roo es 17 are %enDVf and fu ther t he,conduct or

| ayer 15 and™Pfik fEP ra98Felﬁr% gfag %o?Fl%ﬂSBt ePaffiZin ¥ipBrion in the

Wi ring grooves

h X
no P onﬁ%‘dlg?hEeﬁBFF‘Eﬁl SectBEtERYo8 ILhIRY 8 %a‘éﬁt ﬂé}lfﬁégsaof“?r'st”
pol i shi ng Stngﬁr 8|ISQEH g%ﬁcgugﬂggg Iaygér u ﬁf%?%g t he Q%rrler

| ayer 14 at por I on o por 8% n gsgPooves 12 is
exposed as showp La Fig. 3, and a second polishing step

10 (g) Other Components

The polishing composition of the present invention
may contain another component such as a chelating agent,
a thickener, an emulsifier, a rust-prevention agent, a
preservative, a fungicide or an antifoaming agent as the

15 case requires in accordance with a conventional method.

The polishing composition of the present invention
is prepared by dissolving or dispersing the above
respective components in water. The method of
dissolution or dispersion is optional, and the order of

20 mixing and the method of mixing the respective components
are not particularly limited.

The pH of the polishing composition of the present
invention is not particularly limited, and may be
adjusted by the amount of an acid or the like added. The

25 pH is preferably from 7.5 to 12, more preferably from 8
to 10, with a view to maintaining favorable handling

efficiency of the polishing composition.



of polishing mainly the exposed barrier layer 14 so that the insulating

| ayer 13 at a portion other than a portion in the wiring grooves 12 is
exposed. Nanely, the first 15 polishing step is carried out at a relatively
high stock renoval rate considering the stock renoval rate i.e.
productivity, since smoothness on the polished surface is not relatively

i nportant until the barrier layer 14 is exposed, and then finish polishing
is carried out to 20 obtain a final poltshed surface excellent in snoothness
in the second polijshing step. Another polishing step .be carried out in
conbi nation as tHRBechS 1§Eaﬂgr§§mPTﬁét198IP§th§ EBﬁES§¥tFBHGBFlPHe pr esent
invention is particularly suitable for the second_polishing step.. 25 Now,

t he pollshlnﬁaﬁr86e§§eﬁﬁae§hesﬁp6€és§rfSFanﬁPSHﬁéﬁnénatRFr%ﬁﬁmsPﬁuéture
using the polishin tion of th Eres i,nvention will be explained
in- 16 furBhEFk ngéPFlsél V1P9r§treﬁﬁ tNE YlPéghpSPP§ﬁPﬁ§a§ﬁ8B fRe

| am nate 16 s . polished by _u a slurr for polishing_the co duct or
| ayer. In thEhﬁﬁnﬁﬁaW€Y1§e ﬁﬁi gﬁefPFrBF pﬁFlEﬁFnBlge 85 CFH@ conduct or

I 15 th 12 b I hed d d
dﬁaﬁrfroﬁfPheoia“%ééBQ %%98¥§%sarrf€¥ 5 §@$ﬁﬁ§33i%ﬁa e&a%#%afaéiﬁ?mégiﬁ s
shown in Flg. % sogp g ses. Then, £l Eﬂe se § HI step, the
| aminate 16 %5 & FeFOPﬁgn e ﬁoﬁoFFsﬂPﬁg gfe Fsaﬁ fshB8-H éngollshlng

t wh b th b t th
“heul ating | SYEFAT3Rr MBSrITER BETERY b TS POTT Ort | FETREL 1T gr ooves

s exposed. Lf aF§BQVSQtnga'th' SEPLROEPIROSH! hADihg ATsR8 Lhe o1d

pol i shing corpositIon g harrier ayer ayer 13 at
a portion C|9§gnEBoEE§t9@5rE§ra solution having a higher

10 concentration.
POLISHING PROCESS

The polishing process by the present invention is to
polish a wiring structure comprising an insulating layer
having wiring grooves on its surface, a conductor layer

15 embedded in the wiring grooves and a barrier layer
present between the insulating layer and the conductor
layer, by the above-mentioned polishing composition.

Now, the wiring structure will be explained in
detail below prior to explanation of one embodiment of

20 the polishing process by the present invention.

As shown in Fig. 1, a wiring structure 11 in a
semiconductor device comprises an insulating layer 13
having wiring grooves 12 on its surface, a barrier layer
14 which protects the insulating layer 13 and a conductor

25 layer 15 constituting a wiring portion. The inner wall
of the wiring grooves 12 is covered with the barrier

layer 14, and the conductor layer 15 is embedded in the



| ayer 14 may be excessively polished, whereby the barrier layer 14 and the
i nsul ating |l ayer 13 recede down fromthe surface of the conductor |ayer 15,
t hus causing fang 19 20 as shown in Fig. 5 in sonme cases. The polishing
conposition of the present invention has an effect of suppressing
irregularities on the surface due to the al kaline conpound, the
anticorrosive and the water soluble polyner conpound. The nechanismis 25
not clearly understood, but is estinated s be such that these conponents
are selectively adsorbed or dissolved in the barrier layer 14 or the
conduct or | ayenet5Ssidhep€bythe barrideylapvarr ibut eThe kgppriopr i kyemol4 shing
of the barrier layer 14 and the conductor |ayer 15 and a portion cl ose

t heret o, andi$hose$éntdbeyweént hbepbhishahgngohpwsit 1dnandntheportion at

whi ch the dishing 18 occurs and on the 5 surface of the exposed insul ating
| ayer 13 i nprondyctandlayeralSr tpenrevansr thescdunerent ofhethel i shing
conposition is suppressed, whereby occurrence of the dishing 18 or the
fang 19 is ateedeoppress¥er Abwiremebpibgediffnoedt ibhowrhe be expl ained in
10 detail with reference to specific Exanples. However, it should be

under st odd thasulakipgesereri hdentThm swrigce et g vieng i ghaertwrauch
specific Exanples. EXAMPLES | TO_18 AND COVPARATI VE. EXAMPLES 1 TO 8 A
silicon dioxfge}saﬁmQPRHﬂYnEoéﬁﬁﬁoﬁﬁthﬁnCQBdﬂﬁFPEoiﬁb@Fvé?lathﬁter sol ubl e
pol ynmer compound,and_an oxidizi_ng agent were blended with water to prepare
a polishi ngPRBRHOEi LABART @ﬂnﬁﬁﬁeg?g aREUAABE PP o2 ¥RBUREs for each
pol i shing conposition at%,as sho in ¥ab|e.1. Fur.t her, abbr viat%pns in
itens for the redfefPrFeis6 EEAPBAERt ST ARTARPUL2CARIMELETEBLI &R RE

freant ngs. Shgégogogxgﬁgdgnsulating layer 13, in general, SiO; or

10 SiOF, or a low dielectric constant insulating material
called a Low-k material may be mentioned, and the
insulating layer 13 is formed by means of e.g. CVD
(chemical vapor deposition) process from SiH,, SiH,Cjia,
TEOS (tetraethoxysilane), an organic silicon compound or

15 the like as a starting material. The wiring grooves 12
are formed by known lithography, pattern etching or the
like based on the circuit design of a semiconductor
device. The barrier layer 14 is formed usually from a
tantalum-containing compound such as tantalum or tantalum

20 nitride by means of sputtering or the like. The
conductor layer 15 is formed from copper or a copper
alloy. The copper alloy may, for example, be usually a
copper-aluminum alloy or a copper-titanium alloy.

The wiring structure 11 is produced, for example, as

25 follows. First, as shown in Fig. 2, an insulating layer
13, a barrier layer 14 and a conductor layer 15 are

laminated to form a laminate 16. On the surface of the



Cl . average particle size 0.07 pm C2: average particle size 0.03 ~im C3:
aver-age particle size 0.21 25 Al kaline conpound NH3: ammonia KOH potassium
hydroxide - 18 WMal: malic acid Anticorrosive BTA: benzotriazol e El

1-[ N, N-bi s( hydr oxyet hyl ) am noet hyl | benzotriazole 5 E2: tolyltriazole Fl:

car boxyet hyl benzotri azol e Water Sol ubl e Pol ynmer Conpound Al : pullul an

(nol ecul ar wei ght about 200, 000) A2: polyvinyl alcohol (conpletely
saponified type, 10 nol ecul ar wei ght abouf 200, 000) A3:

hydr oxyet hyl cel ul ose (nol ecul ar wei ght about 1,600,000) Bl: D(+)glucose B2:
tri et hanol aniceadyedery | Iseieteddsulimgidrd CrRaavadigkany syemt 4e207edHy dr ogen
peroxi de APS: Ammoni um persul fate Using each of the polishing conpositions,
pol i shing afdody#LFdNo9LiRves drd idg® %Lﬁrnlﬂﬁ}er'rhﬁélfébfl BReRg o6 CMP

condi tions. EVALUATI ON_.OF STOCK REMOVAL RATE First, blanket wafers (dianeter
200 M) nmade BFPCEESppdte tiddttdiaimConeey ety WY ldcle s &y ed nedhift act ur ed
by APPLI ED MATERI ALS) were polished _under 25 the foll ow ng palishing

condi tions 1fugtdreathe to@endusiifall avare Inasnel dhpthagrier layer 14

5 at a portion other than a portion in the wiring grooves
12 are removed, whereby a wiring structure 11 as shown in
Fig. 1 is formed. The polishing process in such a case
comprises a first polishing step of polishing the.
conductor layer 15 so that the barrier layer 14 at a

10 portion other than a portion in the wiring grooves 12 is
exposed as shown in Fig. 3, and a second polishing step
of polishing mainly the exposed barrier layer 14 so that
the insulating layer 13 at a portion other than a portion
in the wiring grooves 12 is exposed. Namely, the first

15 polishing step is carried out at a relatively high stock
removal rate considering the stock removal rate i.e.
productivity, since smoothness on the polished surface is
not relatively important until the barrier layer 14 is
exposed, and then finish polishing is carried out to

20 obtain a final polished surface excellent in smoothness
in the second polishing step. Another polishing step may
be carried out in combination as the case requires. The
polishing composition of the present invention is
particularly suitable for the second polishing step.

25 Now, the polishing process and the process for
producing a wiring structure using the polishing

composition of the present invention will be explained in



Polishing Conditions 1 - 19 Polishing nmachi ne: one side polishing nmachine
for-~ CWP (Mrra, manufactured by APPLI ED MATERI ALS) Poli shing pad:

| am nat ed polishing pad nade of pol yurethane (1C 1400, nanufactured by Rodel
Inc.) 5 Polishing pressure: 2 psi (=about 28 kPa) Table rotational speed:
80 rpm Feed rate of polishing conposition: 200 nL/mn Carrier rotational
speed: 80 rpm Cal cul ating Fornula for Stock Renpbval Rate 10 Stock renoval
rate (nm mn)={(thickness (nm of blanketewafer before

pol i shing)-(thickness (nm of blanket wafer after polishing)}--(polishing
time (min)) THotheirckessgdsbsflomhe bl anket wafers of Cu and Ta before and
after the polishing were neasured by neans of 15 a sheet resistance

neasuri ng devi ce FAWRtL2G.n dduffdctsh &l ishikek &6@P Eltha rlemic® e & onduct or
Service Inc.). Further, the thicknesses of the bl anket wafers of TEOCS and
BD before andSaPpaistied B9l NSANGg awSHLaTHyafoTe @By Shidehdhet cONMGEItay er
measuri ng apparatus (ASET-FSx, .20 manuf actured by KLA-Tencor_ Corporation).
EVALUATI ON ORaVRREGUEARFIFPESRRGUALENhE6| REESEI ahﬁtﬁégswepelwamat ed as
follows. Measurenent 1 of Irregularities (Pattern A) The surface of a
copper pattefieRaf é‘hew&§n§b’icﬁt§ﬁe&ayﬁ By @& e WISILnehi e VG pd< fdeh

(PLANERLI TE- 7105,  manuf act ur y FUJI CRATED for a first

pol i shing st &8f GGES SENE Lo PO g\?m E’&dpé‘ll"ldsﬁl %"TF: rf)go? thsy SURH3I® t he

Copper patt oPf WA =5 drYEed oy WG 1%:%182:‘3” Ringo e g omn

conposi tions, OfFlg 4 (a) in some cases.

Then, in the second polishing step, the laminate 16

10 after the first polishing step is polished by a polishing
composition, whereby the barrier layer 14 is removed and
further, the insulating layer 13 at a portion other than
a portion in the wiring grooves is exposed. If a
conventional polishing composition is used as the

15 polishing composition, the barrier layer 14 and the
insulating layer 13 at a portion close to the barrier
layer 14 may be excessively polished, whereby the barrier
layer 14 and the insulating layer 13 recede down from the
surface of the conductor layer 15, thus causing fang 19

20 as shown in Fig. 5 in some cases.

The polishing composition of the present invention
has an effect of suppressing irregularities on the
surface due to the alkaline compound, the anticorrosive
and the water soluble polymer compound. The mechanism is

25 not clearly understood, but is estimated to be such that

these components are selectively adsorbed or dissolved in

the barrier layer 14 or the conductor layer 15, whereby



t he respective Exanpl es under the above polishing 5 conditions 1 for a

pol irshing time calculated fromthe following calculating fornula. Then, at
isolated wiring portions with a width of 100 pmon the surface of the
copper pattern wafer after the second polishing, the dishing amunt was
measured by neans of a profiler 10 (HRP340, manufactured by KLA-Tencor
Corporation) which is a contact type surface neasuring apparatus. The

di shing before polishing was 60 nm The Ui shing was eval uated based on four
standards @ less than 20 rim 0: 20 to 40 rim L: 40 to 60 nmand X : 15
60 nm or norther easérihere theabrirppsiakgyppléshinonet &tbepberaigrbe
renmoved by polishing was separately rated Measurenment | of Irregularities
(Pattern B) 1ﬁ¥e§ui8aéédth§ eoppertpat tavarwaPerndad peritdradcl2geby using
a polishing conposition_(DCMCXl C, manufactured _by FUJIM | NCORPCRATED) for
a first poli 5hergter epndndbis £hBiFdFYoREN§hBOPPSAPRGNGORAMPPEASIZNUNtI | the
barrier |ayer was exposed. After the above polishing, the_ surface of the
copper pattePR RaPerthas pél WehelB Bheusifhing dfcResirehangoPrshkifg
conpositions of the resgective Exanpl es under _t he above polishin

' g
condi ti ors 1SPsfage pb| tBRi RFPPSRE ABFHAPALBE LPYRYt Ad LBPKE¥PSg e&Fcul ating

- 21 fornmula. Then, at isolated w,ring portions with . a wwdth of 100 pm on
the surface gPC?EerESSBEFOBaPFeFﬁS&éFE e gft Ehet ReliERoRE FOMPORTLGO™ he

di shing anmount was _neasured b% geans of a rofileé ( HRP340, ggnufactured by
5 KLA—TencorlEbFBBPﬁFFﬁﬁa'wWPS eP¥ QCEHRTSBFet 9be t86r AR NHedEUPFng

apparatus. The di.shing,befor olishin s 10 The di shing was eval uat ed
based on fivgﬁgtgﬁagrgg AS:aEF sgupﬁgﬁg§§gnn1 A -5to0nm @ O to 15 nm

0: 15 to 10 30 n.and Ko 3%AWQ" i IRBe 18rC B 1" &b 103 e
10 detail with reference to specific Examples. However, it
should be understood that the present invention is by no
means restricted to such specific Examples.
EXAMPLES 1 TO 18 AND COMPARATIVE EXAMPLES 1 TO 8
A silicon dioxide, an alkaline compound, an
15 anticorrosive, a water soluble polymer compound and an
oxidizing agent were blended with water to prepare a
polishing composition. Components and addition amounts
for each polishing composition are as shown in Table 1.
Further, abbreviations in items for the respective
20 components in Table 1 have the following meanings.
Silicon Dioxide
Cl: average particle size 0.07 um
C2: average particle size 0.03 um
C3: average particle size 0.21 um
25 Alkaline Compound
NH3: ammonia

KOH: potassium hydroxide



| ayer coul d not conpletely be renoved by polishing was separately rated
(-).- Calculating Forrmula for Polishing Tinme Polishing time (mn)={(thickness
250 (nm) of Ta is layer of pattern wafer)-,(stock of renmpoval rate (nnf mn)
of Ta bl anket wafer)}+f(polishing amount 400 (nm of TECS of pattern

waf er)-(stock renmoval rate (nmmn) of TECS blanket wafer)l Polishing
Conditions 2 20 Polishing machi ne: one side polishing machine for CW
(Mrra, manufactured by APPLI ED MATERI AtS}8obj ect to be polished: copper
pattern wafer ( n_Lu_f act.ured hy. SEMATECH I nc., 854 nmask patterns, |ayer

t hi ckness 10, 000 "& 1% M3t aGitave grooves 8,000 A) 25 Poli shing pad:

| am nat ed pol.i sthi n%épad made of pol yurethane (1C 1000/ Suba IV, manufactured
by Rodel InC. 1033993415 shi ng pressure: 2 psi (=about 28 kPa) Table

rotational speed:.. . 100.rpm Feed rate of polishing conposition: 200 ni/mn
Carrier rotati onﬁ@'pé’e%zolt&d'arzﬁ?ﬁes Pol i shing Conditions 3 Polishing

machi ne: one side,.pol.i shi nachi for Mrr uf act.ur.ed by Applied
Mat eri al s) Obj ec ]t'o ]be%gﬁ'ibslhse@.y%%é) eerthglgft?taéwlﬁl%e\gqhé’r%%(e U R s by
SEMATECH _l,nc. , 8%%3315(%@]%{% gz%sl,e | ayer 10 thickness 10,000 A, initial

concave grooves I'ng pad: | am nated polishing pad nade of

polvar o hane | CRMORo A BRI J e, ) Pl oning b essure:
pol i shi ng CO%B%%E“éHIuB¥¥3ﬁQ£9mé% Compound
Al: pullulan (molecular weight about 200,000)
A2: polyvinyl alcohol (completely saponified type,
10 molecular weight about 200,000)
A3: hydroxyethylcelulose (molecular weight about
1,600,000)
Bl: D(+)glucose
B2: triethanolamine dodecylbenzenesulfonate
15 Oxidizing Agent
H202: Hydrogen peroxide
APS: Ammonium persulfate
Using each of the polishing compositions, polishing
and evaluation were carried out under the following
20 conditions.
EVALUATION OF STOCK REMOVAL RATE
First, blanket wafers (diameter 200 mm) made of
copper, tantalum, TEOS and BD (black diamond,
manufactured by APPLIED MATERIALS) were polished under
25 the following polishing conditions 1, and the stock
removal rate was evaluated.

Polishing Conditions 1



Carrier rotational speed: 60 rpm EVALUATI ON OF STABILITY The stock renoval
rate immedi ately after preparation of the polishing conposition was
obt ai ned. Then, the 20 polishing conposition was stored in a cl osed
container at roomtenperature, the stock renoval rate was obtained in the
same manner as nentioned above every constant elapsed tine after initiation
of the storage, and the elapsed tine when the stock renoval rate decreased
by 20% from 25 the stock renmpval rate inmk3iately after the preparatlon was

;2;?:ofsn;?g lif Thq IlLe mq :valuateqéﬁgsegggﬂ} foggﬁg%and%¥dﬁ ORgne
T
fesul'ts obtai (ﬂ T el c%yinva Abeliren RRRERIRloNn Th Tabl o 1. 24

ro +000000000000 000000 H .ul 000000000000400044 a y yq
w040044oooooooo%o%%)%1% R eﬁﬁ"qm@ T B do - NMVN=NTNME 1 0

0 Urrrmd-~ polyurethane (IC-1400, manufactured by Rodel Inc.)

5 Polishing pressure: 2 psi (=about 28 kPa)
Table rotational speed: 80 rpm
Feed rate of polishing composition: 200 mL/min
Carrier rotational speed: 80 rpm
Calculating Formula for Stock Removal Rate
10 Stock removal rate (nm/min)={(thickness (nm) of
blanket wafer before polishing) - (thickness (nm) of
blanket wafer after polishing) }+(polishing time (min))
The thicknesses of the blanket wafers of Cu and Ta
before and after the polishing were measured by means of
15 a sheet resistance measuring device (VR-120, manufactured
by Kokusai Electronics Semiconductor Service Inc.).
Further, the thicknesses of the blanket wafers of TEOS
and BD before and after the polishing were measured by
means of a thin layer measuring apparatus (ASET-F5x,
20 manufactured by KLA-Tencor Corporation).
EVALUATION OF IRREGULARITIES
Now, the irregularities were evaluated as follows.
Measurement 1 of Irregularities (Pattern A)
The surface of a copper pattern wafer was polished
25 by using a polishing composition (PLANERLITE-7105,
manufactured by FUJIMI INCORPORATED) for a first

polishing step under the following polishing conditions 2
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until the barrier layer was exposed. After the above
polishing, the surface of the copper pattern wafer was
polished by using each of the polishing compositions of
the respective Examples under the above polishing
5 conditions 1 for a polishing time calculated from the
following calculating formula. Then, at isolated wiring
portions with a width of 100 um on the surface of the
copper pattern wafer after the second polishing, the
dishing amount was measured by means of a profiler
10 (HRP340, manufactured by KLA-Tencor Corporation) which is
a contact type surface measuring apparatus. The dishing
before polishing was 60 nm.
The dishing was evaluated based on four standards ©:
less than 20 nm, O: 20 to 40 nm, A: 40 to 60 nm and X:
15 60 nm or more. A case where the barrier layer could not
completely be removed by polishing was separately rated
(-).
Measurement 1 of Irregularities (Pattern B)
The surface of a copper pattern wafer was polished
20 by using a polishing composition (DCM-CX1C, manufactured
by FUJIMI INCORPORATED) for a first polishing step under
the following polishing conditions 3 until the barrier
layer was exposed. After the above polishing, the
surface of the copper pattern wafer was polished by using
25 each of the polishing compositions of the respective
Examples under the above polishing conditions 1 for a

polishing time calculated from the following calculating
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formula. Then, at isolated wiring portions with a width
of 100 pym on the surface of the copper pattern wafer
after the second polishing, the dishing amount was
measured by means of a profiler (HRP340, manufactured by

5 KLA-Tencor Corporation) which is a contact type surface
measuring apparatus. The dishing before polishing was 10
nm.

The dishing was evaluated based on five standards A:
less than -5 nm, A: -5 to 0 nm, ©: 0 to 15 nm, O: 15 to

10 30 nm and X: 30 nm or more. A case where the barrier
layer could not completely be removed by polishing was
separately rated (-).

Calculating Formula for Polishing Time

Polishing time (min)={(thickness 250 (nm) of Ta

15 layer of pattern wafer)+(stock of removal rate (nm/min)
of Ta blanket wafer) }+{(polishing amount 400 (nm) of TEOS
of pattern wafer)+(stock removal rate (nm/min) of TEOS
blanket wafer)}

Polishing Conditions 2

20 Polishing machine: one side polishing machine for
CMP (Mirra, manufactured by APPLIED MATERIALS)

Object to be polished: copper pattern wafer
(manufactured by SEMATECH Inc., 854 mask patterns, layer
thickness 10,000 A, initial concave grooves 8,000 A)

25 Polishing pad: laminated polishing pad made of
polyurethane (IC-1000/Suba IV, manufactured by Rodel

Inc.)
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Polishing pressure: 2 psi (=about 28 kPa)
Table rotational speed: 100 rpm
Feed rate of polishing composition: 200 mL/min
Carrier rotational speed: 100 rpm
5 Polishing Conditions 3
Polishing machine: one side polishing machine for
CMP (Mirra, manufactured by Applied Materials)
Object to be polished: copper pattern wafer
(manufactured by SEMATECH Inc., 854 mask patterns, layer
10 thickness 10,000 A, initial concave grooves 8,000 A)
Polishing pad: laminated polishing pad made of
polyurethane (IC-1400, manufactured by Rodel Inc.)
Polishing pressure: 2 psi (=about 28 kPa)
Table rotational speed: 60 rpm
15 Feed rate of polishing composition: 200 mL/min
Carrier rotational speed: 60 rpm
EVALUATION OF STABILITY
The stock removal rate immediately after preparation
of the polishing composition was obtained. Then, the
20 polishing composition was stored in a closed container at
room temperature, the stock removal rate was obtained in
the same manner as mentioned above every constant elapsed
time after initiation of the storage, and the elapsed
time when the stock removal rate decreased by 20% from
25 the stock removal rate immediately after the preparation

was taken as the life. The life was evaluated based on

four standards ©: one year or more, O: half year or more
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and less than one year, /A: one month or more and less
than half year and X: less than one month.

The results obtained in the respective evaluations

were as shown in Table 1.
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From these results, the following become clear.

(1) From the results in Examples 1 to 18, the
polishing composition of the present invention can
sufficiently suppress dishing on a pattern wafer, and has
a sufficient stability.

(2) When the average particle size of the silicon
dioxide becomes large, the stock removal rates of TEOS
and BD wafers tend to be high. Further, when the average
particle size becomes small, the effect of suppressing
dishing tends to be high, and the stability tends to be
high as well.

(3) The polishing composition of the present
invention, which contains an oxidizing agent, has
improved stock removal rates of copper and tantalum.

When ammonium persulfate is used as the oxidizing agent,
a higher effect of suppressing dishing tends to be
obtained, and when hydrogen peroxide is used as the
oxidizing agent, reverse dishing (a phenomenon that the
wiring portion remains on the contrary) is less likely to
occur, and a favorable stability tends to be obtained.

(4) The polishing composition of the present
invention is excellent in stability as compared with a
polishing composition (Comparative Example 5) containing
an acid. Further, it has a remarkably high stock removal
rate as compared with a polishing composition
(Comparative Example 1) containing no silicon dioxide.

Further, the polishing composition of the present

COo



a~aNaPa na’ al aQD WWYAM W WU WUUUuu - 26 Fromthese results, the follow ng
becone clear. (1) Fromthe results in Exanples 1 to 18, the polishing
conposition of the present invention can sufficiently suppress dishing on a
pattern wafer, and has 5 a sufficient stability. (2) Wen the average
particle size of the silicon dioxide becones |arge, the stock renoval rates
of TECS and BD wafers tend to be high. Further, when the average particle
si ze beconmes snall, the effect of suppresgyng 10 di shing tends to be high,
and the stability tends to be high as well. (3) The polishing conposition
of the presennventiem hars, avich cdfieaithe fasuppmissiny ajesitindass | nproved
stock renoval rates of copper and tantalum 15 When amoni um persulfate is
used as the ovimgaziedy waddnpol ishiingheomgfdsadticafs si@ymressitigrali shi ng t ends
to be obtained, and when hydrogen peroxide is used as the oxidizing agent,
reverse di shiEmgmpd eshéndedomnchd tichéd) wilviialy deomdtorcararimomn athe
contrary) is less likely to 20 occur, and a favorable stability tends to be
obt ai ned. (4heTkdkedlinshiaeresnsos thepmrdfiadya gsrissemnd ithemat®r i s
excellent in stability as conpared with a_ polishing conposition

( Conpar at§ ve SPAadpdice PRyt siompeynchwhdehd arruessantial Her dheenar kabl y
hi gh stock renoval 25 rate as conpared with a polishing conposition

( Conpar at i ve PRIdFHIIA CoEmRsditiiony afo 19 Rxasditodinkentimay + her, t he

pol i shing conposition of the present - 27 invention has a high effect of
suppr essi ng disM?ﬂfeﬁPtlre disclosure of Japanese Patent Application

No. 2004-272059 filed on September 17, 2004 including
specification, claims, drawings and summary is

10 incorporated herein by reference in its entirety.



conpared with polishing conpositions (Conparative Exanples 2 to 4 and 6 to
8) which do not contain one of the alkaline conpound, the anticorrosive and
the water 5 sol ubl e polynmer conpound which are essential for the polishing
gonposition of the present invention. The entire disclosure of Japanese
Patent Application No. 2004-272059 filed on Septenber 17, 2004 i ncl uding
specification, clains, drawings and sunmary is 10 incorporated herein by
reference in its entirety. - 28 CLAIMS:281: A polishing conposition
conprising the followng conponents (a) to (e): (a) silicon dioxide, 5 (b)
an al kal i ne €&fg¥&nid, (c) an anticorrosive, (d) a water sol uble polyner
conpound, and (e) water. 2. The palishing conposition according to Claimal,
10 wherein tRe aPk@IHSHEGHSPIS HoT PTG N RRe TP IEHH from t he
group consi sting of amni a, an am ne conpound and an al kali net al
hydr oxi de. 3COTRENEHILSsHAAg EorhFasi ti on according to Claim 1 or 2, wherein
the anticorrosive i s selected fromjfhe group 15 consisting of benzotriazole
and a derivative ©er &ft1cR ‘i shi ng conposition according to any one

of Cains 1 to 3, wherein.the water sol uble polymer conpound is at |east
one menbet sel ect@ fﬁ&ﬂﬁ%ﬁ?%ﬁQﬁquQHﬂﬂ ing of a polysaccharide and a

vinyl polynmer. 20 5. The |.i shing .conposition according to any one of
Cains 1to 4, which PGt CofA ™S an oxi di zing agent (f). 6. A process

for producing a VYIC{)I n% %\;[artlilecxt usroe.l.’ubvfﬁneI %)Q)lymer compound, and

(e) water.
2. The polishing composition according to Claim 1,

10 wherein the alkaline compound is at least one member
selected from the group consisting of ammonia, an amine
compound and an alkali metal hydroxide.

3. The polishing composition according to Claim 1 or 2,
wherein the anticorrosive is selected from the group

15 consisting of benzotriazole and a derivative thereof.

4. The polishing composition according to any one of
Claims 1 to 3, wherein the water soluble polymer compound
is at least one member selected from the group consisting
of a polysaccharide and a vinyl polymer.

20 5. The polishing composition according to any one of
Claims 1 to 4, which further contains an oxidizing agent
(£) . |
6. A process for producing a wiring structure, which
comprises polishing a wiring structure comprising an

25 insulating layer having wiring grooves on its surface, a
barrier layer formed on the insulating layer and a

conductor layer formed on the barrier layer and



conprises polishing a wring structure conprising an 25 insulating |ayer
havi.sng wiring grooves on its surface, a barrier layer fornmed on the
insulating layer and a conductor |layer formed on the barrier |ayer and 4 -
29 conpletely enbedded in the wiring grooves, to produce a wring
structure in which the conductor layer remains only in the wiring grooves,
characterized in that the process conprises a first polishing step of
polishing the 5 conductor layer until thegbarrier layer at a portion other
than a portion corresponding to the wiring grooves is exposed and a second
pol i shi ng st el greliys ngeddesd] iex pdsedvinaing eyrdayes, wd iprddwece nsul at i ng
| ayer is exposed, and in the second polishing step, polishing is io carried
out by means wifrimge srahicshingy icomidsit itdre aondieficreddyemamemmninosf C ains 1
to 5. 7. The process for producing a wiring structure according to C aim 6,
wherei n the lbarlyi én ltheewiirsinmdromfess tamraEamciorddiin nthaongoaind. 15 8.
The process for producing a wring structure according to Claim6 or 7,
wherei n t he eomdestsorcdmprdrsdass a redess ofpalomiEmors tee apparolal $loing Ithe

5 conductor layer until the barrier layer at a portion
other than a portion corresponding to the wiring grooves
is exposed and a second polishing step of polishing the
exposed barrier layer until the insulating layer is
exposed, and in the second polishing step, polishing is

10 carried out by means of the polishing composition as
defined in any one of Claims 1 to 5.
7. The process for producing a wiring structure
according to Claim 6, wherein the barrier layer is made
of a tantalum-containing compound.

15 8. The process for producing a wiring structure
according to Claim 6 or 7, wherein the conductor layer is

made of copper or a copper alloy.



