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EMPLOATRG et Has Been Replace BACKGROUND OF ﬂ 5 ELELDR.
THE | NVEI he present invention relates t EEN
conposi t SI or pol i shing substrates for TH Emm&,%rs
phot omasks and varlous menory hard di sks, parti cullat

conposition useful for 10 polishing for Rlanarlzatlon of the surface of
devi ce wafers in e.g. sem conductor industry, and a polishing

met hod enpl oyi ng such a conposition. More partigg¥ adsy,. weo1a
present invention relates to a polishing conposition which is highly

efficient and 15 provides hi ghrfﬁl}gacéﬁ. Vh?—}y it@fﬁb@f’l@@l i shing of
sem conduct or devices to whic nmechani cal
pol i shing (CWP) Pb%@@mkv@gto@ogﬁl@&bﬁdmb“ pbi€suING PEESDS EN®r ol IdeYiree

waf ers, and a polishing nethod enpl oyi ng such a conposition. 20
DISCUSSICN OF BACKGROUND BACKGRbOfDEdE ohipsanGaednhi gh t echnol ogy
products i ncl udi ng conputers has been renarkable 1 n recent years,

and parts t9 bergsedoForyguciyvpnedost s, such as ULSI,

The present invention relates to a polishing
composition to be used for polishing substrates for
semiconductors, photomasks and various memory hard disks,
particularly to a polishing composition useful for

10 polishing for planarization of the surface of device
wafers in e.g. semiconductor industry, and a polishing
method employing such a composition.

More particularly, the present invention relates to
a polishing composition which is highly efficient and

15 provides high selectivity in the polishing of
semiconductor devices to which so-called chemical and
mechanical polishing (CMP) technology is applied, in the
processing of device wafers, and a polishing method
employing such a composition.

20 DISCUSSION OF BACKGROUND

Progress of so-called high technology products
including computers has been remarkable in recent years,
and parts to be used for such products, such as ULSI,
have been developed for high integration and high speed,

25 year after year. Along with such progress, the design
rule for semiconductor devices has been progressively

refined year after year, the depth of focus in a process
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have been devel oped for high integration and high speed, 25 year after

year. Along with such progress, the design rul e for sem conductor
devi ces has been progressively refined year after year, the depth of
focus in a process - 2- for
produci ng devices tends to be shallow, and pl anari zation required for
the pattern-form ng surface tends to be increasingly severe.

Further, to cope with an increase in resistance of 5 the wiring due to

reflnenent of the wiring, .it has, been studi ed, t npl oy _copper i nstead
of tungsten or 5PEnPﬁBﬁPC1ng dgyifRe ﬁF?@ﬁgtﬂaP%rFQ??lowf atd By its

nat ure, copper hardl rocessabl e_b etchin nd accordipgly, it
requires the fopiﬁﬁﬁﬁbz OBrSﬁggére@bﬁ%¥th3f?%Ft?gPﬁfﬂﬁmhﬁgiﬁﬁrgg%%ves
and vi as o] atln | ayer opper_wirings are forned by
sputtering or P%Paﬁg, g fﬂ h®& 1ﬁ§%¥cg§¥%¥§ copper | ayer deposited

on the insul ating l?ﬁeEgls r nnved chem cal, _nech k O|IS@Ing

(hereinafter referre f5c8ﬁﬁ)%ﬁﬁPcﬁn §n5r88ﬁ8|n8t?§% *or? ani ca
polTshing g the WEEThGAkuROLLSBLRGhoront, of (KON ETog! N BUEly gEgcess,

It may happen t pper "atons” W atlng l-ayer

to det eri ogatg; t he. geuhSEop’ OBELLE ©ons 108 CEET EunfQEeh M aluninum,

as the wiring material.

By its nature, copper is hardly processable by

etching, and accordingly, it requires the following

10 process. Namely, after forming wiring grooves and vias
on an insulating léyer, copper wirings are formed by
sputtering or plating, and then an unnecessary copper
layer deposited on the insulating layer is removed by
chemical mechanical polishing (hereinafter feferred to as

15 CMP) which is a combination of mechanical polishing and
chemical polishing.

However, in such a process, it may happen that
copper atoms will diffuse into the insulating layer to
deteriorate the device properties. Therefore, for the

20 purpose of preventing diffusion of copper atoms, it has
been studied to provide a barrier layer on the insulating
layer having wiring grooves or vias formed. As a
material for such a barrier layer, metal tantalum or a
tantalum-containing compound (hereinafter will generally

25 be referred to as a tantalum-containing compound) is most
suitable also from the viewpoint of the reliability of

the device and is expected to be employed mostly in the



20 purpose of preventing diffusion of copper atons, it has been
studied to provide a barrier |layer on the insulating | ayer havi ng

Wi ring grooves or vias forned. As a material for such a barrier |ayer,
metal tantalumor a t ant al um cont ai ni ng conpound (hereinafter wll
generally 25 be referred to as a tantal um containing conpound) i s nost
suitable also fromthe viewoint of the rgi[gbility of t he device and

is expected to be enployed nostly in the
- 3- futur Accordingly, in such a CVWP process for a

sem conduct or §EV|ce'containing such a copper |ayer and a

tant al um cont ai ni NG-COPRPHGL, f14 sgd&htgecﬁppﬁp%céggefogsa 5 the outernost
| ayer and then the tanta n}contalnlng conpound | ayer as the barrier

| ayer, are pold&kiesbnductor SERedd \@r}ﬁaﬁﬁc}lgoosl,ua@angcdﬁﬂér bies R ed

when it has reached the insulating |ayer of silicon di oxi de or

silicon trifl uidwdeluscditd deidlg IRGRRMA | tflxsstsiﬁﬁlﬂteéi codbert Nadydyy disi ng

only one type of a polishing composition, t he copper layer and the

tant al um cent ahe gt dlayer dry edthet echani dz0itd Mari-ereavedi diyhgpol i shi ng
in a single polishing step, and polishing will be conpleted certainly

when it has ressheshridiadystlad it werieHdwmwer,, are polished,
respectively, and polishing will be completed when it has
reached the insulating layer of e.g. silicon dioxide or
silicon trifluoride. As an ideal process, it is desired

10 that by using only one type of a polishing composition,
the copper layer and the tantalum—cdntaining compound
layer are uniformly removed by polishing in a single
polishing step, and polishing will be completed certainly
when it has reached the insulating layer. However,

15 copper and a tantalum-containing compound are different
in their hardness, chemical stability and other
mechanical properties and accordingly in the
processability, and thus, it is difficult to adopt such
an ideal polishing process. Accordingly, the following

20 two step polishing process, i.e. polishing process
divided into two steps, is being studied.

Firstly, in the first polishing step (hereinafter
referred to as the first polishing)., using a polishing
composition capable of polishing a copper layer at a high

25 efficiency, the copper layer is polished using e.g. a
tantalﬁm—containing compound layer as a stopper until

such a tantalum-containing compound layer is reached.



15 copper and a tantal um contai ning conpound are different in their

har dness, chem cal stability and other mechani cal properties and
accordingly in the processability, and thus, it is difficult to adopt
such ~an ideal polishing process. Accordingly, the following 20 two
step polishing process, i.e. polishing process divided into two steps,
I s being studi ed. Firstly, in the first polishing step
(hereinafter referred to as the fir§t4p6Iishing), usi ng a polishing

conposition capable of polishing a copper |ayer .at a_hi.gh 25 fficiency,
the copper |ay&€Tes 58Fi§ﬁ€dpﬁ§%ﬁ§eé9 . gt %ormPQﬁtXPﬁﬁg%ﬁhﬁgf 5§ conpound

| ayer as a stopper until such a tantal um cont.ai ni.ng c ound | ris
r eached. %amages such as recesses, erosion, dgfpln%, %ﬁg?éngbﬁxghe

pur pose of not form ' f v e d '
er osi on, dishiﬁ@pp@Fggég%%J%ﬁ%f%%%ra§§&§§Png§g%9§3F$gggfﬁgg ?% ?ﬁgsﬁay be

t er m nat ed . di_at.el fore r i th t 1] F-1HaN 5
conmpound | ayer ;fn.mg‘.ae]\%i tlé’ é’ec%%ﬁﬁe%elag%g% stg‘lhlel %sah%gﬁ'ﬁ“yrgo(}&%l?{é%ag?gs. Then,

in the secopd L.shi (sher el pafiter, f d
nd a3 ﬁ%%%%gl.%. Lipahker cqggé?aI%%ngéﬁﬁﬁgffgﬁﬁﬁgﬂﬁanly

pol i shing), usi'ng~a pol i conposi ti capa
atantalum = rch@LA.N Afchayeh ShedsBLORACHbIELRIAY, StBE (RERLALAGCELRI N

10 copper layér and the tanfalum contarni ng conmpound | ayer
referred to as the second polishing), using a polishing
composition capable of polishing mainly a tantalum
containing layer at a high efficiency, the remaining thin

10 copper layer and the tantalum-containing compound layer
are continuously pblished using the insulating layer as a
stopper, and polishing is completed when it has reached
the insulating layer.

The polishing composition to be used in the first

15 polishing is required to have a property such that it is
capable of polishing the copper layer at a high stock
removal rate without forming the above-mentioned various
surface defects on the copper layer surface, which can
not be removed by the second polishing.

20 With respect to such a polishing composition for a
copper layer, for example, JP-A-7-233485 discloses a
polishing liquid for a copper type metal layer, which
comprises at least one organic acid selected from the
group consisting of aminoacetic acid and amidesulfuric

25 acid, an oxidizing agent and water, and a method for
producing a semiconductor device using such a polishing

liquid. If this polishing liguid is used for polishing a



ar-e continuously polished using the insulating | ayer as a st opper, and

polishing is conpleted when it has reached the insulating |ayer.

The polishing conposition to be used in the first 15 polishing is
required to have a property such that it is capabl e of polishing the
copper layer at a high stock renoval rate without formng the

above- nenti oned vari ous surface defecgs_on the copper |ayer surface,
whi ch can not be renoved by the second polishing. 20 Wth
respect to suchBoppgsl Lehbhy &0ARDSEIVEDYfRIgR stockCeppefallaygte figr
exanpl e, JP-A-7-233485 discloses a polishing liquid for a copper type
metal |ayer, wsbelinableCOMY iiseDHallid RABILIRNE I SeY Cattshsl GelEgded from
t he group consi sting of am noacetic acid and am desul furic 25 acid,
an oxi di zi ng agéeppeanlayetesur fade dbaedRddize8 by thereddebngod the

sem conduct or devi ce using such a polishing liquid. If this polishing
liquid is usedokbdipbhirslragta and the oxidized copper elemernts are - 5-
copper layer, a relatively high stock renoval rate is obtai nable. It

i s believed t haakeonpjetoak onlbebaté heompoundpppkeerébyea hkighaseobk oxi di zed
by the action of the oxi di zing agent, and the oxidized copper elenents
are 5 taken removal chateteanoppoopthinegdreby a hi gh stock renoval

rate can be obtai ned.
However, as a result of the experiments conducted by

the present inventors, it has been found that in
polishing a semiconductor device comprising a copper

10 layer and a tantalum-containing compound layer, the
polishing liquid of JP-A-7-233485 is effective as a
polishing composition mainly for a copper layer i.e. for
the first polishing, but it is hardly useful mainly for a
tantalum-containing compound layer i.e. for the second

15 polishing, because the tantalum-containing compound is
susceptible to oxidation by an oxidizing agent such as
hydrogen peroxide, an iron salt or even water, and
besides, the oxidized layer tends to be very hard and can
not easily be polished. Namely, this oxidized layer

20 (ditantalum pentoxide) is a very hardly polishable
material, whereby polishing will not proceed even by
pélishing by means of a large amount of an oxidizing
agent. TFurther, there has been a problem that due to the
strong ferroelectricity of such oxidized layer, self-

25 discharge is likely to occur during polishing, whereby
explosive chipping of the tantalum-containing compound

layer is likely to occur frequently. Whereas, a copper



However, as a result of the experinments conducted by t he present

I nventors, it has been found that in pol i shing a sem conductor device
conprising a copper 10 layer and a tantal um containing conpound | ayer, the
polishing liquid of JP-A-7-233485 is effective as a pol i shi ng
conposition mainly for a copper layer i.e. for the first polishing,

but it is hardly useful mainly for a - ant al um cont ai ni ng conpound

| ayer i.e. for the second 15 polishing, because the tantalum containing

conpound is  lay®uSGgpirichlae ivelgxiedatiilgnpb} ishedxi dndi nheagentksuch as
hydrogen peroxide, an iron salt or even water, and besi des, the
oxi di zed | ayer regfialt @akte weninkar ¢handopper layemoti seadighgrbehpal ithlked.
Nanmely, this oxidized layer 20 (ditantalum pentoxide) is a very hardly
pol i shabl e s tiva'ke retloyalh eaeky apalinshi thewitbhtadump coopedndy ewhieyeby
polishing by neans of a |arge anmount of an oxidi zing agent. Further,
there has been sarfiack! érmakats dueht ast mecessesst dashihgr r egosdoni ciety - of
such oxidized |layer, self- 25 discharge is likely to occur during
pol i shing, ®hehelye been éijedyi ¥@ éhirppi ng of the tantal um containing
conpound layer is likely to occur frequen;%%. Wier eas,_ _a copper
- 6- layer is Qul dtevgitharadiand,pal msided merhagtisad ly r enoval
rate agai nst the _copper layer is higher than the \
polishing a tantalum-containing compound layer without
relying on the chemical action, is also being studied.
In a polishing composition to be used for this purpose, a
10 relatively hard abrasive such as aluminum oxide, silicon
nitride or silicon carbide may be used, and the content
of such an abrasive may be increased. However, if a
composition'containing a large amount of such an abrasive,
is used for polishing, although the stock removal rate
15 against the tantalum-containing compound layer may
increase to some extent, the stogk removal rate against
the insulating layer also increasés at the same time.
Accordingly, the ratio (hereinafter referred to as “the
selectivity ratio”) of the stock removal rate of the
20 insulating layer to the tantalum-containing compound
layer, tends to be very small, and consequently, the
yield of the device tends to decrease. Further, if such
a composition is used for polishing, the usage life of
the polishing pad is likely to be shortened, thus leading

25 to a problem from the viewpoint of the production cost.

SUMMARY OF THE INVENTION

The present invention has been made to solve the



stock renoval rate against the tantal um conpound, whereby surface
damages such as recesses, dishing, erosion, etc., 5 have been likely to
form On the other hand, a nmethod of nechanically polishing a
t ant al um cont ai ni ng conpound | ayer wi thout relying on the chem cal
action, is also being studied. In a polishing conposition to be used
for this purpose, a 10 relatively hard_agrqsive such as al um num oxi de,
silicon nitride or silicon carbide my be used, and the content

of such an abrggi e JIRE NG NEERIEHs HONENELy, | {cais an 6OTBEEIbEOMe

containing a l'arge anmount o an abrasive, i's used for polishing,
al t hough the ﬁ}r%%%nrte TN i 3E £ol pravaiiRsh HBeikanhal eehgeataibnng
may [

conmpound | aye ncrease t0 sone extent, the stock renoval rate

agai nst WG IS A% 1lAVe RhSeHiRg aasentall ukbeonaBBnlinge.
Accordingly, the ratio (hereinafter referred to as "the selectivity

ratio”) of thecaiRekhd el atate halght ke ockO rdefdwhat iragel.ayer to the
t ant al um cont ai ni ng conpound | ayer, tends to be very small, and

consequentty, the The ppdsrt dfndiftideyiprovierds d paldstdage. Further, if
such a conposition is used for polishing, the usage |ife of t he

pol i shing pad demdddhitliyn @daprikdrigentd folllswieadicempodente::a probl em from
t he vi ewpoi nt of the production cost. SUMVARY OF THE
| NVENTI ON (alhearpradssdivtenvent i on has been nmade to sol ve the
(b) an oxidizing agent capable of oxidizing
tantalum,
10 (c) a reducing agent capable of reducing tantalum
oxide, and
(d) water.
Further, the present invention provides a polishing
ﬁethod for polishing a semiconductor device.having a
15 layer of copper and a layer of a tantalum-containing
compound formed on a substrate, by means of a polishing
composition comprising the following components:
(a) an abrasive,
(b) an oxidizing agent capable of oxidizing
20 tantalum,
(c) a reducing agent capable of reducing tantalum
oxide, and
(d) water.
According to the present invention, the tantalum-
25 containing compound layer can be polished at a high stock

removal rate. Further, according to one embodiment, the

present invention provides a polishing composition



= 7- above-descri bed problens. Nanely, it is an object of the

present invention to provide a polishing conposition whi ch is capable
of polishing a tantal um cont ai ni ng conmpound | ayer at a high stock
renoval rate. 5 The present invention provides a polishing

conposi tion conprising the foll owing conponents: (a) an abrasive,
(b) an oxidizing agent capabl e of oxidizin tantalum 10 (c) a
reduci ng agent capabl e of reducing tantaru%l oxi de, and (d)

wat er . Further,, t ent inventd Qn i

neéhodlfor poL MOREEDYA §§h1§5£ t &1 F°&§§|C§%%é ﬁ%ﬁgq%.5%1%@%?% ?ﬂggﬁﬁér
and a layer o t.ant al um cont ai ni 0 for, substrat e,
by neans of a S% ST ﬁm rls%ﬁ@hpongan coﬁggiéﬁgb |$g% %#@ﬁ% ng
conponents: (s XigiZ ihg gpgent
capabl e of oxi Oﬁtﬁdn% %én %% \i%yer on a (Su)ﬁo@t re ucFﬁig asgent capabl e

of reducing tant q (Dl HBLEId the tantaldgeor ding
to the present mvg'@tl rate g%t’erllnsﬁ:gl e co§>§e(1::0n;%/|em ng corr{)aour?(rj1 Iaayer can

be polishedg at c%n@agﬁnﬂgo%mpoumf qrgi/\é?:l 128 gt URiigle LRy to one

enbodi nment
removal rate against a silicon dioxide layer, a 5111con

nitride layer, a BPSG layer and other insulating layers,
is low, i.e. the selectivity ratio is high, and a
polishing method employing such a composition. According

10 to another embodiment, the present inveéntion provides a
polishing composition whereby, in the CMP process for
producing a semiconductor device comprising a copper
layer and a tantalum-containing compound layer on a
substrate, the polishing rate against the téntalum—

15 containing compound layer is high, while the stock
removal rate against the copper layer is low, and a
polishing method employing such a composition.

By means of such polishing compositions and
polishing methods, in a process for producing the above-

20 mentioned semiconductor device, it is possible to produce
the semiconductor device in good yield.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Abrasive
In the polishing composition of the present
25 invention, the abrasive has a role as so-called abrasive
grains and serves to perform mechanical polishing in the

CMP processing. Namely, the abrasive is one having an



present invention provides a polishing conposition

-8- whereby, in the CMP process for producing a sem conductor

devi ce conprising a copper |layer and a tantalum cont ai ni ng conpound

| ayer on a substrate, the stock renmoval rate against the copper |ayer
and the tantalum 5 containing conmpound |ayer is high, while the stock
renoval rate against a silicon dioxide |ayer, a silicon nitride |ayer
a BPSG | ayer and other insulating |ayers,” ~ is low, i.e. the selectivity

t hi
hocording 1% TH AN AR BB Hat SIRCE o cBbet LB Tt T aee &
pol i shing co SL%%% %%%S¢$Qgé 5&Igﬁ%émﬁ%yrggfféuéOéo%Poun&rOdUCIng a

sem conduct or SIThg a CoO

tant al um cont gl 00, COUROUI, | GYPT 190 &escrlbéfl'bﬁéféiﬁaft‘i@ﬁ pol i shing rate

against the ta contarni ng conpound layer s high, while the

stock rennva%hé §120R4H tcéﬁ%o&?@?@ﬁ b?yghe'ﬁrbgéhtaﬂﬂvéntlon
pol i shing method enploying su onposi tion. By nmeans of such
pol i shi ng sconpgsii Qs éé'dan abrP9i$ehi 9 1BAEUSNe | RelbOF 05856 €68
produci ng the above- nmenti oned sem conductor device, it is possible to
produce £:6m @HéE%ﬁg%g;@6n£¥§&£§%“@f9@9ﬂ1&bﬁ|ledee, alulBEléhLED
DESCRI PTI ON OF THE.PREFERRED EMBODI ME

oxide, cerium oxide, titanium oxide, silicon nitride,
zirconium oxide, silicon carbide and manganese dioxide.

Among them, silicon dioxide includes colloidal

10 silica, fumed silica and various other types different in
the nature or the method for preparation.

Aluminum oxide also includes a-alumina, §-alumina,
§ -alumina, k -alumina and other morphologically
different ones. Further, there is one so—célled fumed

15 alumina from the method for its preparation.

Cerium oxide includes trivalent and tetravalent ones
from its oxidation number, and it includes hexagonal
system, tesseral system and face centered cubic system
ones from its crystal system.

20 Zirconium oxide includes monoclinic system,
tetragonal system and amorphous ones from its crystal
system. Furthér, there is one so-called fumed zirconia
from the method for its preparation. Further, there are
so-called partially stabilized zirconia having calcium,

25 magnesium or yttrium solid-solubilized to stabilize part
of crystals as a cubic system, and completely stabilized

zirconia having the solid-solubilized amount of such an



Abr asi ve In the polishing conposition of the present 25

I nvention, the abrasive has a role as so-called abrasive grai ns and
serves to perform nmechanical polishing in the CVP processing. Nanely,

t he abrasive is one having an - 9-
action to nechanically renove a brittle layer formed on the surface to
be polished, by various conpound conponents which wll be described
her ei nafter. The polishing conpostf@ion of the present invention

5 contains, as_an abrasive, at |east one nber _sel,ect ed from_the

gr oup consistiﬁ&e89n§iPPESﬁaﬁﬁéxFHeFogpgﬁFgEXISta 1378 3 Lde FFYRTERIdES

titaniun1ox!dez Si Econ n%tride, zi rconi um oxi de, silicon carbide and
manganese di oxifd&RPLC SYSteManpnng them silicon dioxide includes coll oidal

10 silica, funmed si]l.ica.and varjous qther tvpes .different. in t he
nature or the neth Q%ﬁluﬂ}éﬁﬂf%ﬁi%ﬂéiJaes o ang nhf%%ﬁ%%%ﬁ%de al so i ncl udes

err Al um e, LRI e | SUCh AL LT b LbAD2 30t et

nor phol ogi cal | er, &FES §°6ne §6-carled funed

15 al um na ;ro%kggegggt?% sk@h E%%t%&?paﬁéééﬂ r, there 15 BhLUTLOXLHEeq

i ncl udes trivalén raval e ones romits oxidation nunber, and

it includes hexagaaal ;caniaS¥ebiMenkerethal F43! $WsapdebAtacaepl.ered cubic

system
Silicon nitride includes a-silicon nitride, B-

silicon nitride, amorphous silicon nitride and other
morphologically different ones..

10 Silicon carbide also includes a-type and f-type.

Manganese dioxide includes o -manganese dioxide, f§-
manganese dioxide, vy -manganese dioxide, § -manganese
dioxide, ¢ -manganese dioxide, 7 -manganese dioxide and
other morphologically different ones from its morphology.

15 For the polishing composition of the present
invention, these abrasives may be employed optionally in
combination as the case requires. When they are used in
combination, the manner of the combination or their
proportions, are not particularly limited.

20 Among these abrasives, it is preferred to employ an
abrasive in a colloidal state with a uniform small
particle size in order to reduce precipitation of the
abrasive in the polishing composition during the storage
and to prevent formation of scratches on the object to be

25 polished, due to the abrasive. Namely, when silicon
dioxide is used as an abrasive, it is preferably fumed

silica and/or colloidal silica, and when alumina is



ones fromits crystal system 20 Zi rconi um oxi de incl udes nonoclinic
system tetragonal system and anor phous ones fromits crystal

system Further, there is one so-called fumed zirconia fromthe nethod
for its preparation. Further, there are so-called partially stabilized
zirconi a having calcium 25 magnesium or yttrium solid-solubilized to
stabilize part of crystals as a cubig¢.system and conpletely
stabilized zirconia having the solid~5ol ubilized anmobunt of such an

- 10 - el Sy dd1CTA3SEA 10 LAIISS Sluped ahidn 26 aldd Ay YAl Rkl
a cubic system rgy ':ﬁ$itaﬁ%un1oxid§;includes ti%aniun1nnnoxide}
dititani umtripxigh s titani umdioxide and other types 5 fromits crysta

system Further, there is one so-called fumed titania fromthe nethod

for its preparati Ofhe above-desttildd dHHdd Tfed Netaldpstenddd | €Oplish de,
[err] - silicon nitride, anmorphous silicon nitride and ot her

nor phol ogi cal Iphdidfrer0d hese polished b D i itealalaxriiorclamdes
[err]-type and [err]-type. Manganese di oxi de i ncl udes

[ err] - nanganessoridixidlegrd @id ] - Among Fheganehe gawxiidde [drze] ofanganese

di oxi de, [err]-manganese di oxi de, [err]-manganese di oxi de,

[ err]-manganessl didpt dbi@nidie is usually from 0.015 to 0.05 pm,
preferably from 0.02 to 0.04 pum as an average particle
size observed by a scanning electron microscope, and the
specific surface area measured by a BET method is usually -

10 from 50 to 150 m'/g, preferably from 70 to 120 m'/g.
Likewise, the particle size of aluminum oxide, zirconium
oxide, titanium oxide, silicon nitride, silicon carbide
or manganese dioxide, is usually from 0.03 to 0.1 um,
preferably from 0.05 to 0.08 um, as an averége particle

15 size observed by a scanning electron microscope, and the
specific surface area measured by BET method is usually
from 20 to 90 nﬁ/g, preferably from 30 to 70 nﬁ/g.

If the average particle sizes of these abrasives
exceed the above respective ranges or if the specific

20 areas are smaller than the above respective ranges, the
mechanical polishing action will increase, and the rate
of polishing the insulating layer will increase, whereby
the selectivity ratio tends to be small, the surface
roughness of the polishéd surface tends to increase, or

25 scratches tend to form. On the other hand, if the

average particle sizes are smaller than the respective

ranges, or the specific surface areas are larger than the



ot her norphologically different ones fromits norphology. 15 For the
pol i shing conposition of the present I nvention, these abrasives nay be
enpl oyed optionally in conbi nati on as the case requires. \Wen they are
used in conbi nati on, the manner of the conbination or their
proportions, are not particularly limted. 20 Anong t hese abrasi ves,
it is preferred to enploy an abrasive_in a colloidal state with a

uni form snal | particle size in orderl £é rFeduce precipitation of the

abrasive in the polishing conpositi dur i t.he st or-ags. . : .

p[) event formati'd Qﬁc%lc‘f"%]t% tﬁre%’%?? t ﬁ-g‘eolfﬁ‘eec H e p%g%bllr}% hae%l% ug\’ltlol t he
abrasi ve. Nanel when si l.i co di,ox| | e | i it is
preferably fune creasg; IVY}&ear /tol}e csoq?éolggfa%nﬁjsl [ graaéeaﬂ%%?{e%a umna is

enpl oyed, it is preferably fu | um idal | Lpd.na.
The above-descr'?%é%ag e%al/%%%ﬁgﬁie&i%«,ﬁr@e@%%eoﬁcfgs%%ﬁ@ C%Eﬁ)eersﬁir aclg to be

pol i shed by the%é?&é'ua@é. Iac%l on as 5 abrasive grains. Anmong them the
particle size o I con dioxide is usually fromO0.015 to 0.05 [err]m

R i
area measured t&bﬁb&?ﬂkﬂ@ﬁhﬁg &Eélﬁﬁégéﬁﬁ invention is usually from 10
to 200 g/8, preferably from 30 to 100 g/&, based on the
polishing composition. If the content of the abrasive is
too small, the mechanical polishing power decreases,

10 whereby the rate of polishing the insulating layer
decreases, but the rate of polishing the tantalum-
containing compound layer will also decrease, and
consequently, the selectivity ratio tends to be small,
such being undesirable. On the other hand,lif the

15 content of the abrasive is too large, the mechanical
polishing power increases, and the rates of polishing not
only the copper layer and the tantalum-containing
compound layer but also the insulating layer, will
increase, whereby the selectivity ratio ténds to be small,

20 or control of the stock removal rate of e.g. the copper
layer is likely to be difficult, and due care will be

required.

Oxidizing agent

The polishing composition of the present invention
25 contains an oxidizing agent which is capable of oxidizing
a tantalum-containing compound. Here, the tantalum-

containing compound includes not only metal tantalum but



2 2 10 from50 to 150 nferr]/g, preferably
from70 to 120 nferr]/g. Li kewi se, the particle size of alum num

oxi de, zirconium oxi de, titaniumoxide, silicon nitride, silicon
car bi de or manganese dioxide, is usually from0.03 to 0.1 [err]m
preferably from0.05 to 0.08 [err]m as an average particle 15 size
observed by a scanning electron mcroscope, and the specific surface
area measured by BET nethod is usually~ 13 ~from 20 to 90 n{err]/g,
preferably from30 to 70 nfe

o these ayrliasahaliur e agnovepec Bl BREAR "
rech o bR B i e B B A 381 i
Egn?rsmﬁ Ce)agg S‘or (?12?% E??:T}%g]est :t(;’o’?]o A o"-faéﬁ%%g-l?&sr%%i s%r} ace tends
aver age pari i%?lgp%‘f?%g{aéf%r s?r%l?lg? %%éélo%lﬂaé % &Qf?%ge{hg%fééetgf

age specti ve ranges, or t he
speci fic gurfage arcas. ae Largersihan thei cele oxide laver, on the

- 12 - respec(%ﬁ%sle y ranges, ﬁw mechani ca ol 1shing action w |l
decrease, whegrghy t{he st 0%&fﬁerﬂn\£ﬂr€aﬂﬁﬁ9@ﬂ“ﬂa§ he nature scarcely

t ant al um cont ar ni ng” conpoun ayer or thé copper |ayer tends to be
I ow. react directly with the reducing agent which will be

described hereinafter. Namely, during the polishing, it
is important to preferentially oxidize the surface of the

10 object to be polished.

As oxidizing aQents useful for the polishing
composition of the present invention, hydrogen peroxide,
iron(III)salts, cerium(IV)salts and carboxylic acids may
be mentioned. However, among carboxylic acias, formic

15 acid and oxalic acids have no action as an oxidizing
agent, and as described hereinafter, they act as reducing
agents. Accordingly, they are excluded from the
oxidizing agents. On the other hand, relatively strong
oxidizing agents such as permanganates or dichtomates,

20 are not desirable, since they are likely to directly
react with the reducing agent. It should be mentioned
that the tantalum-containing compound is a substance
which is relatively easily oxidized, and it may be
oxidized even by an oxidizing agent having a relatively

25 weak oxidizing power or by a small amount of an oxidizing
agent..

Specifically, such an oxidizing agent may, for



5 The content of the abrasive in the polishing conposition of the
present invention is usually from 10 to 200 g/[err], preferably from
30 to 100 g/ Q based on the pol i shing conposition. If the content of
the abrasive is too smal |, the nechanical polishing power decreases,
10 whereby the rate of polishing the insulating |ayer decreases, but
the rate of polishing the tantal um i nt ai ni ng conpound | ayer wil |

al so decrease, and consequently, tﬁe gerectivity ratio tends to be

|1 h b b
3?3 the abr as;s\lj‘%x"i“%p q@éél[%%%r? e %’H cea'lO H¥dn %S*‘é tbfon 1§uf9§{§nt

I ncreases, and_the rates of n fg# r and
t he tantalun}cgqpnlu$llron gggﬁ%%%n zﬁ&ﬁ % al'so the |nsulat|ng | ayer,

wil | i ner é'\heéf@y é@cilsé?l ﬂéé’iﬁi/%rféi&) tn%ﬂg&li@ z.p@l&n%éllc 20 or

control of the's renbva e of | ayer is likely

to be difficulfsy @ndacgé&&g%@l%:‘elﬂut%lc a.cfch"\}éf@flc ac:Lcﬁ)(dn?“Fé.cElQl@gent

The pol i shing conposition present 1nvention 25 contains an
oxi di zi ng agenj-hi ch i s capable of oxidizing a tantal um contai ni ng
conmpound. Here, the tantal um cont ai ni ng conpound i ncl udes not only

net al tanta"Jm_bUtAmong them, hydrogen peroxide is particularly -
preferred as the oxidizing agent to be used for the
present invention. Hydrogen peroxide contains no metal
iron and is less likely to contaminate a semiconductor
10 device, and it yet has an adequate oxidizing power for
oxidizing the tantélum—containing compound.

The content of the oxidizing agent in the polishing
composition of the present invention is preferably from
0.002 to 1 mol/2, more preferably from 0.01”to 0.1 mol/8.

15 In general, if the content of the oxidizing agent is
larger than this minimum amount, a practical stock
removal rate (from 300 to 1,000 A/min) against the
tantalum-containing compouna layer éan be obtained. If
the content of the oxidizing agent is too small, thé

20 oxidizing action against the tantalum-containing compound
layer tends to be small, and not enough polishing power
may sometimes be obtained. On the other hand, if the
content of the oxidizing agent is too large, polishing of
the tantalum-containing compound layer can be carried out

25 adequately, but control of polishing against the copper
layer tends to be difficult, whereby surface damages such

as recesses, dishing or erosion, are likely to form, and



also tantalumnitride. In the polishing conposition of t he present

i nvention, the performance required for the oxi di zing agent is to
oxi di ze the tantal um contai ni ng conmpound | ayer on one hand and to
oxidize the surface of 5 the copper layer to forma brittle oxide |ayer,
on the ot her hand. Mdre inportantly, it has a nature scarcely

react directly with the reduci ng agent MEECh w il be descri bed

herei nafter. Nanely, during the polishing] it is inmportant to

preferentially oxidize the r ?ﬁ% f.the 10 object to be polished.
As oxi di zi ng %ugeenc[a;i}eug”é ltr}l tfeuorrf e rgec()ii’i shi ng conposition of the

pr esent inVG@ﬂéﬁEi cg éﬁg\peroxide, iron(lll)salts, ceriumlV)salts
and car boxyl i be nentioned. However, anong carboxylic

acids, formc 1 i | L. ds: hay, j o fhgi ng
agent, and as de?%%b@%%%?%a#%@éﬁleéﬁaﬁ rﬁ%@f‘gﬁ‘ﬁ%ﬁ% By agents.
pccordingly, ddieh He Lxdaifethd [BdDGnich X dligdii A Heduddng he ot her
hand, relatively strong ~oxX1di'zing agents such as pernanganates or
di chromat gs, 20 ANfn Bt HESHSAEE byS It diifde-Asdd Kdy doidliZiae |y

react wth the reducing agent. It should be nmentioned that the
tant al um contagjditng conmpound is a substance which is relatively easily
oxi dized, and It may be oxi di zed even by an oxidi zing agent having a
relatively 25 wepthe Oxédhcimg et wsehyl af strethe gpolidhidgan oxi di zi ng
agent . Specifically, such an oxidizing agent may, for
composition of the present invention may, for example, be
formic acid, oxalic acid or formaldehyde. These reducing
10 agents are considered to perform a role of reducing the
surface of the tanﬁalum—containing'compound layer
oxidized by the oxidizing agent. The reducing agent of
the present invention is preferably one which will not
react directly with the coexisting oxidizing agent and
15 which preferentially reduces the surface of the polished
object which was oxidized during the polishing.
Accordingly, a relatively strong reducing agent such as a
sulfide or a boron compound is not preferred, since such
a reducing agent is likely to directly react with the
20 oxidizing agent, and its toxicity is strong.
Among them, oxalic acid is particularly preferred as
the reducing agent to be used for the present invention.

The content of the reducing agent in the polishing
composition of the present invention is preferably from

25 0.002 to 0.1 mol/0l, preferably from 0.005 to 0.05 mol/8.
In general, if the content of the reduciqg agent is

larger than this minimum amount, a practical stock



- 14 - exanpl e, be hydrogen peroxide, iron nitrate, iron sulfate,

ammoni umiron sulfate, ceriumsulfate, anmmoni um cerium sulfate, citric
acid, succinic acid, malonic acid, malic acid, acetic acid, butyric
acid, valeric acid or lactic 5 acid. Anong them hydrogen
peroxide is particularly preferred as the oxidizing agent to be used
for the present invention. Hydrogen1 er oxi de contai ns no netal

iron and is less likely to contam nate a Eeﬁiconductor 10 device and it

yet has an adgguate §5£Q2k§8mﬂo¥@6 {971, 000 &V&fhf'§§h£ OXIdIZIng agent

tantal um contarning c e content

in the pol ' shi %rgtallim & ﬂﬁﬁé)nc&f\ pdil¥sa Wf}?@@tcéﬁvﬁé‘té%iﬁec@refﬁ ably

from err[q, nore preferably fromO0.01 to O.

rrD'/[e”]- 1 e'@oﬂ@&%%f tﬁetﬁé‘d&@mfrﬁg&{ttf@ ¥ A 11D, agt@élt is

| arger than this mninmum anount, a practical stock removal rate (from

300 to 1,000 fg&&hd{ nac@% Nei1i hse small aAnd@d Uie CONESENL NG EREPOaE Iayer
can be obtained. If he content of the oxi di zing agent is too smal

the 20 axi déilﬂ@lﬂ@&ix@@ Q881 95k t 4 D L St B4 11 169 't GhiPb 1A CaPpe Nelends
| ayer tends to be small, and not enough polishing power may soneti nmes
be obtai ned. € B&eL&khetorhandk dthdrth@iand, idordenicoaftdrte aofxithezi ng agent

is too |arge, polishing of t he tantal um contai ni ng conpound | ayer can
be carried outeducing agent is too large, the reducing action will be

too large, and the rate of polishing the copper layer

tends to be small. Further, oxalic acid also has

10 toxicity, and its excessive incorporation is not
desirable. Further, oxalic acid has a function to
suppress decomposition of hydrogen peroxide, whereby the
storage stability of the polishing composition will be
improved. | “

15 Further, in a case where it is necessary to control
the stock removal rates of the tantalum-containing
compound layer and the copper layer, it is preferred to
set the contents of the oxidizing agent and the reducing
agent to satisfy the following formula:

20 X-0.0002<Y
wherein X is the content (mol/@) of the oxidizing agent,
based on the polishing composition, and Y is the content
(mol/8) of the reducing agent, based on the polishing
composition.

25 In this case, the stock removal rates of the

tantalum-containing compound layer and the copper layer

will be substantially the same, whereby it is possible to



25 adequately, but control of polishing against the copper | ayer
tends to be difficult, whereby surface damages such as recesses,

di shing or erosion, are likely to form and

- 15 - due care will be required. Reduci ng agent The
pol i shing conposition of the present invention contains a reducing
agent which is capable of reducing 5 tantal um oxide forned by the
?bove-described oxi di zi ng agent. - 17 - The reduci ng agent useful

or the polishin conposition of the present invention nmay, for
exanpl e, be unl%PEP&Wbp§@P§% 508 PETLECE gP %Srﬁﬁﬂ&éﬁﬁg _C?ﬁ€¥%5%88ucing
10 agents are, considered to performa role_aof reducing the surface of
t he tantalun}EBﬁt§PﬁFﬁ&u€5ﬁﬁ85ﬁan3?eFompoungxF&%zg ebgopﬁgro%ﬁgﬁ§ing
agent. The reduci ng agent of. . t he.present _inpventign_j e |y one
Which will noPZesent, gg @ yirdee §’°\’Kn%%§nt'hgp%%%9‘|¥‘gti? Eé?‘a?{z?%g@%’em and
15 which preferential l.y reduces,.the surface @f e S -abj ect
whi ch was oxi&Pf%&n&uPFnéhﬁh R WRSTE] goent®ot chid gggb@ Q%QmulﬁétBQ

o pori~shrng: Accordingly, are Ively
strong redyci t a ul (o] ou 1S not
preferred,ysi% eﬁg%%ﬁa%%%g S%Fégﬁgfﬁ8§a8engﬁfsgﬁiu§?§g?g%%?$éc??yl%eact

with the possible to mend the surface damages such as recesses,

dishing or erosion, controlled by the first polishing.

Chelating compound

The polishing composition of the present invention

10 preferably further contains a chelating compound which
exhibits a chelatihg action to copper. The copper layer
is a material which can be relatively easily polished,
but the amount to be polished is the largest in the
polishing process for the semiconductor device, and

15 accordingly a high stock removal rate is required.
Therefore, it is preferred to further improve the stock
removal rate against the copper layer by a further
addition of a chelating compound to the polishing
composition comprising the abrasive, the oxidizing agent

20 and the reducing agent.

Chelating compounds useful for the polishing
composition of the present invention include, for example,
ethylenediamine, diethylenetriamine, triethylenetetramine,
tetraethylenepentamine, pentaethylenehexamine, glycine,

25 ethylenediamine tetraacetic acid, diethylenetriamine
pentaacetic acid, triethylenetetramine hexaacetic acid,

nitrilotriacetic acid, ammonium hydroxide, etc. Among



20 oxidizing agent, and its toxicity is strong. Anmong t hem
oxalic acid is particularly preferred as the reducing agent to be used
for the present invention. The content of the reducing agent in the
pol i shi ng conposition of the present invention is preferably from 25
0.002 to 0.1 nol/[err], preferably fromO0.005 to 0.05 nol/[err]. In
general, if the content of the reducing a%Fnt IS | arger than this
m ni nrum anount, a practical stock - 18 -
- 16 - r enpoval t from300 to 1,000 [err]/Ju.n), agaj.nst, the
tantal um cont Bg%f‘ng?@%g%’gﬁ L FEYRT i:%npif)%g%’é{'ﬁﬁane(ﬁgm%l_er%adl_wecontent of
t he reduci ng ent is tog gmalllb t$e redgC| ? actlgn WA|%¥beaS |1,
and as a resuf?-"fhd ?%? i %% igﬂiﬁgc?ﬁg t aRYRPuhFEBht 5P n% %gﬁ¥0und
| ayer tends be | ow. he [, h Lt nt ent -of the
reduci ng ageﬁvh?géﬁ%ogl%}%%,g?%%krﬁ u%?%b g%€?0%£ﬂ5$$ etélgédtoo | ar ge,
and the rate of pﬁhgsgégg BE?oEOBHSrchéigEin cofnﬁBQﬁdt onbepgmall. Further,
oxalic acid al so has ?OXICIty, and TS excessrve I'ncorporation is not
desirable.. F : | | d: has ' : r
deconposi?ioﬁéépf%§ﬁ@%3%% g%%ﬁ%ﬂ@,°€h%#§§@f? %ﬁQ lnv%?%#%gégif%%??+%§ of
the pol i shing:coaPESHEs ot !dsBfor/s. WEPRAKEonedde of chUrther, in a
case where it 1S necessary to 2ONtTo

chelating compound is too small, the rate of polishing

the copper layer tends to be small. On the other hand,
if the content of the chelating compound is too much, the

10 rate of polishing the copper layer tends to be excessive,
whereby not only control tends to be difficult but also
surface damages such as dishing are likely to be brought
about. Accordingly, due care is required.

Piperazine

15 It is preferred that the polishing composition of
the present invention further contains piperazine.
Piperazine acts on the surface of the copper layer during
polishing and thereby prevents formation of surface
damages such as recesses, dishing or erosion, and it also
20 serves to protect the polished surface and contributes to
accomplishing a mirror-£finished surface.

When piperazine is to be added to the polishing
composition of the present invention, it is preferred
that the oxidizing agent is hydrogen peroxide, and the

25 reducing agent is oxalic acid. Wwhen the polishing
composition of the present invention comprises an

abrasive, hydrogen peroxide, an acidic reducing agent



t he stock renoval rates of the tantal um containing conmpound | ayer and
the copper layer, it is preferred to set the contents of the oxidizing
agent and the reducing agent to satisfy the following fornula: 20
X-0.0002[err]Y wherein X is the content (nol/[err]) of the oxidizing
agent, based on the polishing conposition, and Y is the content
(nol/Jerr]) of the reducing agent, based gn t he polishing conposi tion.
25 In this case, the stock renoval Htes of the
t ant al um cont_aj Ri o .ayer_ . c Loaltauer will be
substantiallf&fﬁbgghﬁﬁ, &#ﬂ%ﬁ%@ﬁi€”?%gf%§§ﬁ %%Bfgé + due told
S L7 W Q1Y RS B i B T30 Hed R1RAS RRbntc QIRA Si ng
the tantal umcontai'ning conpound and the copper |ayer present as a
wiring porti lodiuiel, die IRAHEN diM@xalic GRAEHNCh Hiaceidiang
agent of the"above formula, or 5 by increasing the content of the reducing
agent, it iSgcrs ROTSIARIRARRYEANE WIUNS 3P LTINS WHt BDIREEESES,
di shing or erosion, controlled by the first polishing. Chel ati ng
conpound 5 subtratt8 mPldH i NPT igerefz itle fHcas @ie ioxedrild on 10
preferably further contains a chelating conpound which

acid (hereinafter referred to as “the content of

effective reducing agent”). Here, it is usually
advisable to set the contents of hydrogen peroxide and
oxalic acid so that all of the following formulae are

10 satisfied:

0.002<X<0.025 (a)
0.002<2<0.05 (b)
2.5%X-0.01<% (c)
Z=Y-P (content of effective reducing agént) (d)

15 wherein X, Y and P are the contents (mol/#) of the
oxidizing agent, the reducing agent and the piperazine,
respectively, based on the polishing composition.

When a reducing agent which is.not acidic (such as
formaldehydei is to be emploved, the content of effective

20 reducing agent will be equal to the usual content.

In this case, if the contents of the oxidizing ageht,
the reducing agent and the piperazine are at least the
minimum contents which satisfy the formulae (a) to (d),
the stock removal rate of the tantalum-containing

25 compound will be substantially constant, like the case
where no piperazine is incorporated. These minimum

contents are also contents which make it possible to



exhibits a chelating action to copper. The copper |ayer Is a materi al

whi ch can be relatively easily polished, but the amount to be polished
is the largest in the pol i shing process for the sem conductor device,

and 15 accordingly a high stock renoval rate is required. Ther ef or e,
it is preferred to further inprove the stock renoval rate against the
copper layer by a further addition of a chelating conpound to the

pol i shi ng conposition conpr|5|ng thélabrasi ve, the OX|d|2|ng agent 20

and the reduci ng | ati.ng conpound sef e

pol i shi ng ]Go'ﬁi'gdgﬁ |W‘iﬂ‘l‘¥‘hé: g'?ﬂ dsl #’cl u é:acf olrctagxarrpl e,
ethylenedlan1ne etri |ethyle t et

t et raet hyl en a¢ﬁel?9§3/ 3pd;)n flhﬁszneﬁ'[ "[—f’i} ycthlé: 555G hfyﬂ eredi ani ne
tetraacetic acid, d| | e trlan1ne N

triethyl enet 1Tt e cnio %Vlc Cog‘prlsnpgﬁq{ al {I’I alg'@% %cona{:cail ing moni um

hydr oxi de, et QHP th tents O% 18 -
t hem ethyleﬁ%dnan1ne|%9[ﬁeﬁ%nredAcEPﬁdﬁgﬁ%gla%Fne © conngnB a chel ating

bond to a Cogcgféseat%méﬂﬁg{ Véaglépheaﬁzlédhc1ng a g »iHdhstmelkarenoval

rate can Be content "of The chel ating conpound in the

5 polishing ' Onc étﬂfc]@rr%?:%val LA 10N dife Usdadd Dum- from
0.005 to 0.05 nol e content of the

containlng compound layer tends to be small, such being
not practical. On the other hand, if the content of the
oxidizing agent is too large, control of polishing tends
10 to be difficult, and surface damages such as dishing,
erosion or recesseé are likely to form, although the
stock removal rate against the copper layer may increase.
On the other hand, if the content of the reducing agent
is too large, the abrasive tends to aggregate, whereby
15 the viscosity of the composition tends to increase, and
the handling tends to be difficult, and scratching is
likely to result, such being undesirable.
Water
The medium of the polishing composition of the
20 present invention is water. Water is preferably one
having impurities reduced as far as possible, so that the
above-mentioned components can precisely perform their
roles. Namely, water is preferably distilled water.
Water is also one having impurity ions removed by an ion
25 exchange resin and having suspended matters removed by a
filter.

Polishing composition




chel ating conpound is too snmall, the rate of polishing t he copper

|l ayer tends to be small. On the other hand, i f the content of the
chel ating conpound is too much, the 10 "rate of polishing the copper |ayer
tends to be excessive, whereby not only control tends to be difficult
but al so surface damages such as dishing are likely to be brought
about. Accordingly, due care is required. Pi perazine 15 It is
Prefﬁrred that the polishing conp05|t|on ot the present invention
urther contains piperaz azlne s an_ the surf of . the
copper |ayer duri n e pd’p@ﬂ%‘gﬁl cb€ Eﬁ%\%‘?sef%%ma ﬁ'gtnléo
surface uch as r ses dIShI o 20
serves to protlec’tt ﬁﬁf? A C(r)b%[rl 13{1%9[% Atpdds g

acconpl i shing m r.ror j ni sh urf piper azi is to be
p'%f AHS N escrg?% ect jve \com onMfL, HE

added to the SSE5H he present |nvent|on it is

preferred that t he gxi di qQggn éggkt 25
reduci ng agent }? oJXa(? | cc}ém 851&5\%&%9,[ e poI I 'shi ng ]pé\d@é'or%%om ti ont%%dt he
present 1nyenty Pl SUTIL% Yhelat i 'Agmd)y HPURILACr Ofelie, an acldic

reduci ng agent such as

oxalic acid, [ﬂé¥ﬂ&ﬁgr%%f”ﬁ&ﬂ%ﬁé¥1df§§bﬂ%lﬁb or dispersing are optional.
For example, stirring by a vane-type stirrer or
supersonic dispersion may be employed. By such a method,
soluble components will be dissolved ahd insoluble

10 components will be dispersed, whereby the composition
will be a uniform aispersion.

The polishing composition of the present invention
may further contain a pH-adjusting agent to adjust the pH,
various surfactants and other additives, as.the case

15 requires.

In the present invention, the pH-adjusting agent is
used to improve the stability of the polishing
composition, to improve the stabilify in use or to meet
the requirements of various regulations. As a pH-

20 adjusting agent employed to lower the pH of the polishing
composition of the present invention, hydrochloric acid,
nitric acid, sulfuric acid or the like, may be mentioned.
On the other hand, one to be used for the purpose of
increasing the pH, ammonia, potassium hydroxide, sodium

25 hydroxide or the like, may be mentioned. The polishing
composition of the present invention is not particularly

limited with respect to the pH, but it is usually



neutralization reaction of the reducing agent with pi perazi ne, the

content of oxalic acid which practically acts as a reducing agent,
will be a content obtained by 5 subtracting the content of piperazine
fromthe oxalic acid (hereinafter referred to as "the content of
effective reducing agent"). Here, it is usually advi sabl e to set the
contents of hydrogen peroxi de and Oéglic acid so that all of the
following fornmulae are 10 satisfied:” - 0.002[err] X[ err]0.025

Egg p%'—e\%’%ge(ef{:grﬁz[her\;%?a g?-} of from XBo 7 2.5X-0.01[err] Z

en ecti've reduci ng agent) (d) 15 wherein

X, Y and P are t%%oﬁfﬂétéﬁ@én/eﬂcﬁdé,?efor ex%fjé,zwgd oA “ﬁﬁe&e

reduci ng agent a he pi pérazi ne, especti y, base

pol i Shi N CORRRSIY | QN-yer.r 2 eI ageTofhintihd Sl 2 di c
(such as o_rrfal d%eycFe])ngf sa%e\c?hle)'e errplﬁoye , the coentent o% egﬁﬁective 20
reduci ng agend,Mildg R&EWRladdd 1Sl CORLER! surfactant! Bot BeS case, |if
the contents of fhe oxI di zi ng agent, t he reduci ng agent and the -

pi perazing angd JLastaidfersant MiH MANEAHAN S Wiy &t isifyrddiant
formulae (a) to (d), the stock renoval rate of the tantal um containing
25 conpound Wi | e crikstaiitd alype C@dsPtorid ks idecygase carboxieie no

pi perazine is |ncorporated. These m ni num contents are also contents
whi ch nmake i tadi@bdyed 410 nonionic type.

For the preparation of the polishing composition of

the present invention, there is no particular restriction
10 as to the order of mixing the various additives or the
mixing method.

The polishing composition of the present invention
may be prepared, stored or transported in the form of a
stock solution having a relatively high conéentratioﬁ, so

15 that it may be diluted for use at the time of actual
polishing operation. The above-mentioned preferred range
for the concentration is one for the actual polishing
operation. Needless to say, in the case of adopting sﬁch
a method of use, the stock solution during the storage or

20 transportation is a solution having a higher
concentration.

Further, hydrogen peroxide has a characteristic such
that it decomposes in the presence of metal ions,
ammonium ions or an amine. Accordingly, in the polishing

25 composition of the present invention, it is advisable to
add and mix it to the polishing composition immediately

prior to the actual use for polishing operation. Such



-- 20 - polish the tantal um containing conpound at a practi cal
rate (from300 to 1,000 [err]/mn) in the CWP process for a

sem conduct or device conprising the tantal um containing conmpound and
copper. Accordingly, if the contents of 5 these oxidizing agent, reducing
agent and pi perazine are too small, the stock renpval rate of the
tantal um cont ai ni ng conpound Iayer tends to be small, such being
not practical. On the other hand i f the cdhtent of the oxi di zi ng

i I I hi ds I d
ST ace. danage Q-0 qEROge P .oﬁg, V0B gergiige Fs@e%sesugpgeis%%é wa‘?,
f l'th h.the t t ,th
ncrease. ) {BAOFRETREREE. ﬁaﬁa”%rye-ﬁé BsAtere o Phelieh oLsitdgen
is too | arge, bﬁgﬁﬁ?&ﬁglVﬁs l%geaggrgg%%%ésgﬂgr% Os§tl%%Q8%ISCOSIty

of the conposi RCrease |ng tends to be

difficult, andh%ﬁ&%%%ﬁ g%ro gﬁebggkh%'Xb%%erﬁéﬂkﬁon%HP% %a%gagg%GS'rab'e-

Wat er I"i'shing conposition o pr esent

I nvention ig “@k%%vermaéﬁEh'aﬁBEﬁh%%ﬁQg$noQ§11 be BA¥MRAATRUGHLIEg, educed

as far as possible, ove-nent1 oned conponents can
precisely perfen@ thgrhge envi®bfifent@MBhy, tW@E@rlbsaP%%E%ﬁ%thtQ’%%FE;gd

wat er . Water iIs also one having inpurity ions renbved by an ion
exchange resinpapd BavhpdroyeRcpded HBk! AhdergBRYCAnposition due to
a temperature change during transportation or due to
formation of a stress. Accordingly, it is preferred to
10 carry out the mixing of hydrogen peroxide immediately

before polishing.

Polishing mechanism

By the polishing composition of the present
invention, polishing can be carried out at é higher stock
15 removal rate of the tantalum-containing compound layver,
which used to be difficult to polish. The polishing
mechanism has not yet been clearly understood, but may be
explained as follows.
When the polishing composition of the present
20 invention is brought in contact with the tantalum-
containing compound layer, an oxidizing reaction and a
reducing reaction may simultaneously or alternately
proceed on its surface. Namely, the oxidizing agent
oxidizes the surface of the tantalum-containing compound
25 layer, and the reducing agent reduces the formed tantalum
oxide. “A tantalum-containing compound layer in a

readily polishable state” formed spontaneously by such a



filter. Pol i shing conposition

- 21 - The polishing conposition of the present invention S
prepared usually by m xing, dissolving or dispersing t he
above-descri bed respective conponents, i.e. the abr asive, the
oxi di zing agent and the reducing agent, and, 5 if required, a chelating
conpound, in water. Here, nmet hods for m xing, dissolving or dispersing
are optional. For exanple, stirring 39 a vane-type stirrer or

Component & W T9EER LR VEG B G U PR RO 1 b

di spersed, whereby the co | tiQ WM | i '

The HPDld! shi ngco onl_TJt‘?rbnor%Pa}%é’ %erseeéqetntl\léql\'lnévnen%rgn%ércgkgga?' ?lﬁ%ﬁb contain
a pHadjustin t ot dj t. 11 vahi f t ' th
additives, a %gﬁgiaesego %Sé&rﬁ&epqlullr}’r%eg%_'hlgh Stdacr% nt Oé}%olr ?;Tate%] aisgna\?;lcra}%tt?on,er

t he pH' adJ USttJ;}Pg %]{dﬁ—co%toaiq’ﬁ% t&lﬂ rﬂi’.e tI etﬁreaQMIPI b)éo%festsri%g

pol i shi ng conposition, I mprove the stability in use or to neet

Lo AL A S R Ol e bl bty e
invention, hygdroed) Ofd GG@Cish used to be a central polishing mechanism,
and if such CMP processing is applied to a tantalum-
containing compound layer, polishing has been difficult
due to the oxidized layer formed on its surface. Whereas,
10 according to the polishing composition of the present
invention, it is péssible to carry out the CMP processing
of the tantalum-containing compound layer at a high stock
removal rate.
Now, the polishing composition of the pfesent
15 invention will be described in further detail with
reference to Examples. However, it should be understood
that the present invention is by no means restricted to
such specific Examples.

EXAMPLES 1 to 16 and COMPARATIVE EXAMPLE 1 to 3

20 Preparation of polishing compositions

A predetermined amount of fumed silica (primary
particle size: 0.03 um, specific surface area: 90 nﬁ/g)
as an abrasi#e, was dispersed in water to prepare a
slurry. Then, to this slurry, hydrogen peroxide, oxalic
25 acid and ethylenediamine were added and mixed in the
proportions as identified in Table 1. In this manner,

polishing compositions of Examples 1 to 16 and



nitric acid, sulfuric acid or the like, may be nentioned. On the ot her

hand, one to be used for the purpose of I ncreasing the pH, ammoni a,

pot assi um hydroxi de, sodium 25 hydroxide or the |ike, may be nentioned.
The polishing conposition of the present invention is not particularly
limted with respect to the pH, but it is usually

- 22 - prepared to have a pH of fromyk to 7. The surfactants
i nclude, for exanple, a dispersing agent, a wetting agent, a

thickener, a defpanidg; fAgent 1 fQamperanskapaps®r Fepehkent. As a
sur f act ant toqﬁi 5 used as %Féﬁ%%ersant, It igﬁg%%nnn to enploy a

surfactant hy@Fogath F8k Ox B8 dyd & s x4 O i £t €0y (bt e, taear boxyl i ¢
acid type or nonionic type. For the preparation of the polishing
conmposi tion ofpolishik. present invention, there is no particular
restriction 10 as to the order of mixing the various additives or the

m Xxi ng met hod.polishing dé&etol i shing conposition of the present invention
may be prepared, stored or transported in the formof a stock sol ution
having a rel ati vel yshbphecoaceat batbobisked, 185 §hiamchtshhyche wrfexred for
use at the time of actual pol i shi ng operation. The above-nenti oned
preferred rangeaving 4 oropier chavent fatned is anchidinese aktakeutpol i shing

10,000 A by sputtering, a 6-inch silicon wafer having a
tantalum layer formed in a thickness of about 2,000 A by
sputtering and a 6-inch silicon wafer having a silicon
10 dioxide layer formed in a thickness of about 10,000 A by
a heat oxidation meéethod, were used, and the layer-formed
side of each wafer was polished.
Polishing was carried out by means of a one side
polishing machine (table diameter: 570 mm).' To the table
15 of the polishing machine, a laminated polishing pad'made
of polyurethane (IC-1000/Suba400, manufactured by Rodel
Inc., U.S.A.) was bonded. Firstly, the copper layer-
attached wafer was mounted and poliéhed for one minute,
and then it was changed to the tantalum layer-attached .
20 wafer, which was likewise polished for one minute, and
finally changed to the silicon dioxide layer-attached
wafer, which was likewise polished for 3 minutes. The
polishing conditions were such that the polishing
pressure was 490 g/cmz, the table rotational speed was 40
25 rpm, the feed rate of the polishing composition was 150
cc/min, and the rotational speed of the wafer was 40 rpm.

After the polishing, the wafers were sequentially



operation. Needless to say, in the case of adopting such a met hod of
use, the stock solution during the storage or 20 transportation is a

sol ution havi ng a hi gher concentrati on. Further, hydrogen
peroxi de has a characteristic such that it deconposes in the presence
of nmetal ions, amoni umions or an am ne. Accordingly, in the

polishing 25 conposition of the present % vention, it is advisable to
add and mix it to the polishing conposifi i medi ately prior to the

actual use for_poglishi eratign. C ; .

- 23 - d@@ﬁ%&gi r%ﬁﬁgfeqﬁy o gﬁ%ﬁg} &)Hedé:h@é:r]fnt?esssfp?&ué:stslgél t{)ayf

i ncor porati ng carhoxyl i chd _ar i I ) Yag it is
possible to s&%ﬁr leage ecool'ﬁnpe(;%sc%ht i“%r?e%{‘ %g)“%%%%ggh&}a%mﬁs er%%r%e

above- ment | Ong:g;j%fé%,i Qﬂhae%ije%y i HURNEerRHER a‘i:%g@?ﬁi b Mddedibive

i nfluenced al e -storage environnment, ere 1s apossibility

t hat par te e NYAQ0L AT JeTHBlepdaeRedeagnots! (BReds klown 2
t enperature change during transportation or due to formati on of a
stress. Acgordifnglp1dtiis preferred to 10 carry out the mxing of

hydr ogen peroxi de | mmedi ately bef ore pol i shing. Pol i shi ng

mechani sm



By the polishing conposition of the present I nvention, polishing can
be carried out at a higher stock 15 renoval rate of the

t ant al um cont ai ni ng conpound | ayer, whi ch used to be difficult to
polish. The polishing mechani sm has not yet been clearly understood,
but may be expl ai ned as foll ows. When t he polishing
conposition of the present 20 inventiormr i/ brought in contact with the
tant al um cont ai ni ng conpound | ayer, an oxidizing reaction and a
reduci ng reaction may sinultaneously or alternately proceed on its
surface. Nanely, the oxidizing agent oxi di zes the surface of the
tant al um cont ai ni ng conpound 25 |ayer, and the reduci ng agent reduces the
formed tantal um oxi de. "A tantal um containing conpound |ayer in a
readily polishable state” forned spontaneously by such a
- 24 - redox cycle, will be polished by the polishing conposition
of the present invention, whereby it becones possi ble to acconplish a
hi gh stock renoval rate agai nst t he tantal um contai ni ng conpound. In
the CMP processing 5 enploying a conventional polishing conposition, an
oxi dizing action used to be a central polishing nmechani sm and i f such
CWP processing is applied to a tantalum ont ai ni ng _conpound | ayer,
pol i shi ng has| bee¢n [di|f {ikcUl
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due to the oxidized layer formed on its surface. Wereas, 10 according to

the polishing conposition of the present invention, it is possible to
carry out the CMP processing of the tantal um containing conpound | ayer
at a high stock renoval rate. Now, the polishing conposition
of the present 15 invention will be described in further detail wth
reference to Exanpl es. However, it should be understood that the
present invention is by no neans restrirct&d-to such specific Exanples.

EXAMPLES 1 trn?ﬁ}égﬁalrrkg%glg\/PARAﬂ VE EXAMPLE 1 to 3 20 Preparation of

pol i shing co A predeternlned amount of funed silica

(primary par %Q%fs% ¥%%Hv?n %%$ n%lf8§C|é$f1§fﬁ£fC§ figg'o 0 m/qg)

as an abrasive, prepare a hen, to

t hi I : t

(03 S, ARSI oLl S0 £ g o e vEr
f; Fanpd

[mgger C%%éalf%c?\% anpléefségisaé) wer e lgesirés)la%e(f{lﬁgyhevgas

hydrogen ger Qi‘lsq_?ef’?e?i N eehd PR Rl AL 10T fifrry. mROkhIk RAurry,
Pol i shing tests
hydrogen peroxide, oxalic acid and ethylenediamine were
added and mixed in the proportions as identified in Table
2. In this manner, polishing compositions of Examples 17
to 22 were prepared. The contents of the respective
10 components were 60 g/8 of the abrasive, 0.05 mol/l of the
oxidizing agent, and 0.02 mol/0 of each of the reducing
agent and the chelating compound. Further, hydrogen

peroxide was mixed immediately prior to polishing, in the

same manner as in Examples 1 to 16.



5 As objects to be polished, a 6-inch silicon wafer having a

copper layer fornmed in a thickness of about 10,000 [err] by
sputtering, a 6-inch silicon wafer having a tantalum |l ayer fornmed in a
-t hi ckness of about 2,000 A by sputtering and a 6-inch silicon wafer
having a silicon 10 dioxide layer formed in a thickness of about 10,000 A
by a heat oxidation nmethod, were usetl,2amrd the | ayer-forned si de
of each wafer was polished. Pol i shing was carried out by neans of
~a one side pol i shing machine (table dianmeter: 570 mm). To the table
15 of the potirstrng—reachne; tgnmat ed pol i shing pad nade of
pol yur et hane QjC—l%OO/Suta4CO, manuf aict ur ed by Rodel Inc., US A) was
bonded. Firstg¥,mt & ¢qppen |layen-| 5 attached wafer was nounted and
pol i shed for | nimuted |~ | “gnd [tHen it was changed to the tantal um
Iayer-attache&iééo wafler,| which was || kewi se polished for one mnute, and
finally chang To|theg sSifiigon [di gxi de | ayer-attached waf er, which was
| i kewi se polijghhed fior |3 mi nytes. The pol i shing conditions were such
that the polié%ing S Oprgsg%regwag 490 g/cnferr], the table rotational
speed was 40 {25 rpr® thd & ratlecof the polishing conmposition was 150
cc/mn, and t@;mrotational qpeed of the wafer was 40 rpm After
t he poli shing,e Fhe lvaflerd wdre |seque ially
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washed and dried, whereupon the thickness reduction of the |ayer of each
waf er by polishing was nmeasured at 49 points, whereby the stock renoval
rates in the respective tests were obtained. The obtained results were as

shown in Table 1. - 27 - [err]

- 28 - EXAMPLES 17 to 22 As an abrasive, fumed silica,
colloidal silica or funmed al um na, g ving a primary particle size and
a specific surface area as identifi § in Table 2, was 5 dispersed in

water to prepare f.syuity. J0. 10U LU gan1edVAragen peroxide, oxalic

acid and et hyl enediam ne” viere _ nm xed in t he proportions as
ooy A LS spap S0 ) SR ROl SRR N of
conmponent s W&s@l@/i[rﬁférltﬂh,t heas v DIOBHRl [@ld lecdfpdihayer
- and the tantalum-containing compound layer is high by the
5 actions of both the oxidizing agent and the reducing
agent, as compared with a polishing composition not
containing either hydrogen peroxide or oxalic acid, and
the rate of polishing the silicon dioxide layer is
suppressed to a low level. Further, it is evident that
10 the stock removal rate against the coppér layer is
further improved by the action of the chelating compound.
Although not shown in the Tables, no surface damages were
observed in any Example, when these polished surfaces
were visually inspected. |
15 EXAMPLES 23 to 41 and COMPARATIVE EXAMPLES 5 to 12

Preparation of polishing compositions

As an abrasive, a predetermined amount of colloidal
silica (primary particle size: 0.035 pm, specific surface
2 . .
area: 80 m /g) or fumed silica (primary particle size:

20 0.03 pm, specific surface area: 90 nﬁ/g) was dispersed in

water to prepare a slurry. Then, to this slurry,

hydrogen peroxide, oxalic acid and piperazine were added

and mixed in the proportions as identified in Table 1.

In this manner, polishing compositions of Examples 23 to
25 41 and Comparative Examples 5 to 12 were prepared.

Further, hydrogen peroxide was mixed immediately prior to

polishing.



oxi di zing agent, and 0.02 nol/[err] of each of the reducing agent and

the chel ati ng conmpound. Further, hydrogen peroxi de was m xed

i mmedi ately prior to polishing, in the same nanner as in Exanples 1 to
16. - 29 - [err]

- 30 - Fromthe results shown in Tables 1 and 2, it is

evident that with the polishing conposLtiqns of the present invention,

the rate of polishing the copper |ayer “and the tantal umcontaining
conpound Iaye§oi§sﬁqﬁgygg%£§e 5 actions of both the oxidizing agent and

t he reducing agent; —as_conpared with a polishing conposition not
cont ai ni ng e'therAng59QSQSp@éoﬁédﬁofisﬁéél'5 @CiHchanllcon Wiigerate of
polishing the silicon dioxide |ayer Is suppressed to a | ow | evel.

Further, it iga¢vhdentcdhddr layer formed in a thickness of about
10,000 A by sputtering, a 6-inch silicon wafer having a
5 tantalum layer formed in a thickness of about 2,000 A by
sputtering and a 6-inch silicon wafer having a silicon
dioxide layer formed in a thickhess of about 10,000 A by
a heat oxidation method, were used, and the layer-formed
side of each wafer was polished.

10 Polishing was carried out by means of a one side
polishing machine (table diameter: 570 mm). To the table
of the polishing machine, a laminated polishing pad made
of polyurethane (IC-1000/Suba400, manufactured by Rodel
Inc., U.S5.A.) was bonded. Firstly, the coppér layer-

15 attached wafer was mounted and polished for one minute,
and it was then changed to the tantalum layer-attached
wafer which was likewise polished for one minute. The
polishing conditions were such that.the polishing
pressure was 4,900 g/émz, the table rotational speed was

‘200 40 rpm, the feed rate of the polishing compoéition was
150 cc/min, and the rotational speed of each wafer was 40
rpm.

After the polishing, the wafers were sequentially
washed and dried, whereupon the thickness reduction of

25 the layer of each wafer by polishing was measured at 49
points, whereby the stock removal rates in the respective

tests were obtained. The obtained results were as shown



10 the stock renoval rate against the copper |ayer is further

I nproved by the action of the chelating conpound. Al t hough not shown
in the Tabl es, no surface danages were observed i n any Exanpl e, when

t hese polished surfaces were visually inspected. 15 EXAMPLES 23 to
41 and COMPARATI VE EXAVPLES 5 to 12 Preparati on of polishing

conposi tions As an abrasive, a B edet erm ned anount of coll oida
silica (primary particle size: 0.035 [ér ?nf specific surface area: 80

nmMerr]/g) or Iur?ag?lgeialjca (primary particle size: 20 0.03 [err]m

specific sur fadte ;90 nferr]/g) was dispersed in water to prepare
a slurry. Thgﬁ todghis slurry, hydrogen peroxide, oxalic acid and
pi perazi ne we aéﬂaed ed and mixed in the proportions as identified in
Tabl e 1. In this nmaabeesipe |iGhidig omgpRsducdng |FHLZEXang | HodB to |25
41 and Conpprative Exanpligged to (lHuemre prppderd. (mdAynt Reremdwalk ogen
peroxi de wap ni xed i nmredi ately pr|i @iotA2) (poly8hing. rate
- 31 - Pol i shing tests As objpcts to bg polishdd{AZnigi nch
silicon wafgr having a copper layer fofmed in althickneg<Chi ahBat
10, 000 A by|Epampiei A, |L£B i nth |siliTch wafer hading a 0 5 tlarfi®% upyR4ayer
formed in al Ehaekbess4off abouts5@, (000 A by 0.1 0 685 | 715
Example 25 CS 50 0.05 0.1 0 388 | 666
Example 26 Cs 50 0.05 0.05 0 673 | 728
Example 27 CsS 50 0.02 0.05 0 293 |705
Example 28 Cs 50 0.01 0.01 0 667 | 676
Example 29 Cs 50 0.002 0.01 0 198 | 666
Example 30 Cs 50 0.001 0.01 0 99 713
Example 31 Cs 50 0.002 0.002 0 387 | 418
Example 32 Cs 50 0.001 0.002 0 191 | 397
Example 33 CS 50 0.03 0.2 0.1 396 (475
Example 34 FS* 50 0.02 0.1 0.05 437 | 493
Example 35 FS 80 0.006 0.01 0.005 439 | 445
Example 36 FS 80 0.002 0.01 0.005 338 | 429
Example 37 FS 80 0.001 0.01 0.005 145 | 440
Example 38 FS 80 0.002 0.004 0.002 1896 | 305
Example 39 FS 80 0.001 0.004 0.002 145 | 310
Example 40 Cs 10 0.01 0.01 0 | 288 |309
Example 41 cs 200 0.01 0.01 0 678 | 988
g;g‘igfgt;"e cs 50 0.15 0.1 | o |1,526]|729
gg‘;ﬁ;’l’i‘t;"e cs 50 0.07 | 0.05 0 |1,192]726
gggﬁ;ig%"e cs 50 0.02 0.01 o |1,579|706
g;‘;ﬁ;f;“g"e cs 50| 0.004 0.002 0 995 | 405
gzg;i’gt;"e cs 50 0.02 0.05 0 240 |249
g;‘:ﬁ;’{:‘:ige FS 50 0.03 0.1 0.05 | 768 |493
Eiiﬁ;iiti‘{e 'FS 50| o0.01 0.01 | 0.005 |1,181|456
Comparative
Exaf‘ple 15| Cs 5 0.01 0.01 0 196 |100

*C8: Colloidal silica
FS: Fumed silica

PIZ: Piperazine



sputtering and a 6-inch silicon wafer having a silicon di oxi de | ayer

formed in a thickness of about 10,000 A by

a heat oxidation nethod,

were used, and the |ayer-forned side of each wafer was polished. 10
Pol i shing was carried out by neans of a one side pol i shi ng machi ne
(table diameter: 570 mm). To the table of the polishing machine, a

| am nat ed polishing pad nade of pglggrgthane (1 G 1000/ Suba400,
Fanufactgged by Rodel Inc., US. A) Wwas bonded. Firstly, the copper
| ayer - attac n n ' f ' , and
it was then phang§%°¥gégée _é%?ggdﬁﬁﬁgéegqgg%ggﬁgg' be 932?%%@%%€ch was

|1 kewi se pol i 9ed o A B shidhSompos IOl disdi 90 @endiidue were such
thatdthe pogbs4bng préssure was 4,900 g/cnferr], the table rotational
speed was ; #£40n | e&f’m{ﬂ&nof e Rol isdi g9 LoDt ion was

150 cc/ m n, and etr%e rrtlz)’tgl?llona speed oafB} each wafer@%as 40 rpm

After the pO'ﬁf{H;%gbai hee MAE eF SnIPLE SadIetdath | 300 to Washed aith dribed,

wher eupon the t

ness reduction of 25 the |ayer of each wafer by

pol i shi ng swasoheasis B8y athd Tontentf®i dit SvotWerledyokhdi singkaganovald rat es

I n the respective

shown

10

15

20

25

the reducing agent, and the stoeckBZremoval rate of the
copper layer may also be set at a level lower than the
stock removal rate of the tantalum layer. Although not
shown in ;he Table, no surface damages were observed in
any Example, when these polished surfaces were visually
inspected.

According to the present invention, it is possible
to provide a polishing composition which is capable of
polishing a tantalum-containing compound la&er at a high
stock removal rate and whereby in the CMP process for
producing a semiconductor device comprising a copper
layer and a tantalum-containing compound layer on a
substrate, the stock removal rates égainst the copper
layer and the tantalum-containing compound layer are high,
while the stock removal rate against the insulating layer
is small, i.e. the selectivity ratio is large, and a
polishing method employing such a composition, or a
polishing composition whereby the stock removal rate
against the tantalum-containing compound layer is high,
and the stock removal rate against the copper layer is
low and a polishing method employing such a composition.

Thus, in the process for producing a semiconductor device,

tests were obtained. The obtained results were as



in Table 3. Table 3 Abr asi ve Oxidizing Reducing Pl Z * St ock

(g/lerr]) agent agent (nol/[err]) renoval

(mol / Q (mol / Q rate

([err]/mn) Cu Ta
Example 23 CS* 50 0.2 0.2 0 689 724 Exanple 24 CS
50 0.1 0.1 0 685 71 canple 25 CS 50 0. 05

0.1 0 388 666 Exanple 26 CS 0. 05 0. 05 0

673 728 Exa 0 Exanpl e
28 o 50 EpS osenibonagdpor 8eVtge can e Broduged l?eggga W35

0. 002 0.01 0 198 666 Exanple 30 CS 50 0. 001 0.01
0 99 713 Exanple 31 CS 50 0. 002 0. 002 0 387 418
Example 32 CS 50 0.001 0. 002 0 191 397 Exanple 33 CS
50 0.03 0.2 0.1 396 475 Exanple 34 FS* 50 0.02

0.1 ~ 0.05 437 493 Exanple 35 FS 80 0. 006 0.01 0. 005
439 445 Exanple 36 FS 80 0. 002 0.01 0.005 338 429 Exanple
37 FS 80 0. 001 0.01 0. 005 145 440 Exanple 38 FS 80

0. 002 0. 004 0. 002 196 305 Exanple 39 FS 80 0. 001 0. 004
0. 002 145 310 Exanple 40 CS 10 0.01 0.01 0 288 309
Exanple 41 CS 200 0.01 0.01 0 678 988 Conparative CS
50 0.15 0.1 0 1,526 729 Exanple 5 Conparative CS 50
0. 07 0. 05 0 1,192 726 Exanple 6 Conparative CS 50 0. 02
0.01 0 1,579 706 Exanpl e 7 _ Conparative CS 50 0. 004
0. 002 0 995 405 Exanple 8 Comparative CS 50 0.02 0. 05
0 240 249 Conmparative FS 50 0.03 0.1 0. 05 768 493
Exanpl e 10 Conparative FS 50 0.01 0.01 0.005 1,181 456
Exanpl e 11 Conparative CS 5 0.01 0.01 0 196 100

Exanpl e 12 *CS: Colloidal silica FS: Funed silica Pl Z. Pi perazine



- 33 - Fromthe results shown in Table 3, idi.i

with th ' sitions of the present ' Fe=tang al um
| ayer cﬂmﬂmmumﬂlmﬂm a practical stock reny : HADBEBEO| t 0
1,000 [efr]fm') "ys 5+optim zing the contents of bé (UED; Apent
and t he reduci ng agent, and the stock renoval rate of the
| ayer may also be set at a level lower than the stock renoval rate of
the tantalum |l ayer. Although not shown in the Table, no surface
damages were observed in 10 anyyppsaglse crwissot Rgse polished surfaces were
visual l'y I nspect ed. —TACTOrdimg to tfhe present invention, it is

possi bl e 1.0 [ Y1481 Pl d oMy tSHP RYnidrdk MY Ghd FLarRRARy of
pol i shing a tantal um contai ni ng- conpound | ayer at a high 15 stock renova

rate and wher ebyponehlte :CVMP process for produci ng a sem conduct or
devi ce conprising a copper | ayer and a tantal um contai ni ng conpound
| ayer on a sukst raat ebrad wed,0ck renoval rates against the copper

| ayer and the tantal um containing conpound | ayer are high, 20 while the
stock renowal rat gggamsixitdie iimes doanitngadpapdie of oxislisnimld , i.e. the
selectivity ratio is large, and a pol i shi ng nmet hod enpl oyi ng such a
conposi tion, @en&alum, polishing conposition whereby the stock renoval rate
agai nst the tantal um containing conpound |layer is high, 25 and the stock
renoval rate agai st heecywiew laggat icapable |odwradiicd ngoltiagttiadgimet hod
enpl oyi ng such a conposition. Thus, in the process for producing a
seni conduct or oFé@eee and

(d) water.

10 2. The polishing composition according to Claim 1,
wherein the abrasive is at least one member selected from
the group consisting of silicon dioxide, aluminum oxide,
cerium oxide, zirconium oxide, titanium oxide, silicon
nitride, silicon carbide and manganese dioxide.

15 3. The polishing composition according to Claim 1,
wherein the abrasive is at least one member selected from
the group consisting of fumed silica, colloidal silica,
fumed alumina and colloidal alumipé.

4. The polishing composition according to Claim 1,

20 wherein the abrasive has a primary particle size of from
0.015 to 0.05 um and a specific surface area of from 50
to 150 m?/g, and the content of the abrasive is from 10
to 200 g/l, based on the polishing composition.

5. The polishing composition according to Claim 1,

25 wherein the oxidizing agent is at least one member

selectéd from the group consisting of hydrogen peroxide,

iron{III) salts, cerium(IV) salts and carboxz%%gmacids

dThis Sheet Has Bee
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- -34 - the-semconductor—devi ce can be produced in good yield. . ———==s

- 35 - clalned i s: 1. A polishing conpofFEron uﬂHA§ngthe
fol | owi ngmﬁrﬂﬁ ngmu (a) an abrasive, (b) an o |

capabl e al um (c) a reduci ng agent = e

t ant al um oxi de, which is. oxalic acid, and (d) water, \/\herel n the
contents of the oxidizing agent and the reduci ng agent satlsfy t he

foll owi ng fornul ae, 0. 002[err]X[er|3]61 0.002[err]Y[err]0.1
wherein X is té\f&ué‘f’r‘ﬁ}?{ﬁdf%ﬂ)a@{dté‘rﬁi Qe H Z agent, based on the
pol i shi ng compositon YIs cont ent (rml /1) of the reducing
agent, based o, tNfhe pol POhiAY! SGnSONPOSbAT bcoPding VHOELAISE]
conposition is effective for renmoving tan- fal um froma substrate.

2. The poli shiypgxorposid | &0 RLEUS brit® & alyaidogahesSidxide. abrasive is
at | east one nenber selected fromthe group consisting of silicon dioxide,

al um num oxi dey , cerhaMOXidRing! &&RAGd SR Dih d€ecbid aig UfdoXigem $ilicon
nitride, silicon carbide and manganese di oxi de. 3. The polishing

conposi tion acarkhitg tle ctédue ing Vhesred N $ het absRst Vené snatbéeast one
menber selected fromthe group consisting of funmed silica, colloidal

silica, funed sdlented afwbe otieigiadumlammsiestingt. o hexabl ¢ sd ing), cohogrosdti on
according to claim1l1l, wherein the abrasive has a primary particle size of
from 0. 015 to &b dret rfommemiehyspeci fic surface area of from50 to 150
nmMerr]/g, and the content of the abrasive is from 10 to 200 g/l based on

t he pol i shi ng &onpbs¢ tpohishing composition according to Claim 1,

wherein the reducing agent is oxalic acid.

10 9. The polishing composition according to Claim 1,
wherein the contents of the oxidizing agent and the
reducing agent satisfy the following formulae,
respectively:

0.002=x=1

15 0.002=Y=0.1
wherein X is the content (mol/l) of the oxidizing agent,
based on the polishing composition, and Y is the content
(mol/1l) of the reducing agent, based on the polishing
composition.

20 10. The polishing composition according to Claim 1,
which further contains a chelating compound showing a
chelating action to copper.

11. The polishing composition according to Claim 10,
wherein the chelating compound is at least one member

25 selected from the group consisting of ethylenediamine,
diethyienetriamine, triethylenetetramine,

tetraethylenepentamine, pentaethylenehexamiH§Jmg}ygéggLﬂw__
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’]%E corrﬁSéfTT"bn according to claim1l, wherein the oxidizing.
n(. :

5. The pdji
agent is /”/l lzbm er selected fromthe group cegasEstHRT O
[ Jmi , cerium(lV) salts and car box) |
- 36 i {o)

per oxi de, *i ro n
for- mic acid and oxali< acid. - 6. Thd

conposition accordin to claim1, wherein the oxidizing T 1s hydrogen
per oxi de. 7. The polishing conposition 8 ording to claim1, which

further contains a chel ating conpound show™g a chel ating action to copper.

8. The polishin?gggfgﬁéaigﬂg%ggggfgé@gt{9 glagm 7, wherein the chel ating

conmpound is at t one menber selected fromthe group consisting of

ethyl enedi ani neq. digy Duhenel £hagbbencaalcLeLhub eget et rani ne.

t et r aet hyl enepent amne, pent ae ehexam ne, yci ne,

et hyl enedi am net g{ L eRe bl &r 8EHani dbpi Ryl coel &1 gl aePe e r{ PaELLhCcRELd,
triethyl enetetram nehexaacetic acid, nitrilotri- acetic acid and ammoni um
hydr oxi de. 9aciBeang! AfhbAduk MP@SbLi@8, according to claim7, wherein
the content of the chelating conmpound is fromO0.005 to 0.05 nol/|, based on
t he polishing coppoghti pBlishid§. cdhposotishi agc606RAgI tboplaesonding to
claim11, which further conprises piperazine. 11. The polishing
conposi ti on accwhetraint chel aomtdt b etiee nchdla €hmd etdmpoind hes okt zi ng
agent, the reducing agent and the piperazine satisfy all of the follow ng

fornmu- | ae: 0.0050t002[ @8 riheX] £L r 108 2H on the poRisXxifg OddmpodZtion.
Z=Y-P wherein X, Y and P are the contents (nmol/1) of the oxi di zi ng
agent, the redutd ngThgenolaadintecpnpesatine, accordingpeet CYeliy, 1based on

t he polishing conposition. 12. A polishing nmethod for polishing a

semi conduct or Weiskefwabheny contyins opireppeinand a | ayer of a tantal um
cont ai ni ng conpound forned, on,a substrate, by neans, of a golishing
conposi ti ortfconpti sTRE PRLLEBLNGWFAEPeSHPHON ABRPEAING £4) CHAlBbEAsi ve,

b) an oxidi zi ng agent capabl e of .oxidi zi ng t alu
(b) &he e{h thg contents og ghegoxfggzinénagent, the reducing

agent and the piperazine satisfy all of the following
formulae: |
0.002=X=0.025
15 0.002=2=0.05
2.5X - 0.01=2
Z =Y -P
wherein X, Y and P are the contents (mol/l) of the
oxidizing agent, the reducing agent and the pipefazine,
20 respectively, based on the polishing composition.
15. A polishing method for polishing a semiconductor
device having a layer of copper and a layer of a
tantalum-containing compound formed on a substrate, by
means of a polishing composition comprising the following
25 components:
(a) an abrasive,

(b) an oxidizing agent capable of oxidizing tantalum,
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(c) a reducing agent capable of..reducing.

| . N Nt
;g;t %gymmmumm IH"I sherei n'The con | i ?ﬁifé?n‘i%eg
agent and th reduci ng ageh

formul ae, O. 002[err]X[err]1 0.002[err]Y[err]0.1

wherein X is the content (nol/l) of the o %dizing agent,
based on the polishing conposition, and s the

cont ent (mol /1) pfﬁéo)hea rreegiﬁcc!ﬂ% %%eeq}t &%Sa%q}.eo%é C&ﬁeducin%atiadltal

q—vv-'—"' Py

pol i shing conposit erein conp05|t|on
is effective f e g tan- talumfroma
substrate. ‘%’dé)“@ﬂd’ 13. The polishing nethod according to
claim12, wherein gy water. t he polishing conposition further
contains a chelating com pound showi ng a chel ati ng.

action to COPR®’. The polishing method ac]c‘l:rd ri'g% R i R0 et Rpdhaceor di ng

to claimi12, wherein i shing conposition further
contai ns psperdd PR1lishing composition furtla@r TR tRakiss i RGJTRIRRY

according to claim 12, wherein t he sem conduct or device
has a tantal umoﬁ@mmn@rﬂoa;)m@ a chelating action tan@oppeapper |ayer
sequentially formed on an insul ating | ayer having a

pattern, and arn.extss poldpiting ayhadh ddawrding to Claim 15, whateirost
surface is renoved by polishing.
the polishing composition further contains piperazine.
18. The polishing method according to Claim 15, wherein
10 the semiconductor device has a tantalum compound layer
and a copper layer sequentially formed on an insulating

layer having a pattern, and an excess copper layer on the

outermost surface is removed by polishing.
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