1 “DESCRI PTI ON POLI SHI NG COVPOUND, | TS PRODUCTI ON PROCESS AND POLI SHI NG
METHQD 5 TECHNI CAL FI ELD The present invention relates to a polishing
conpound. Particularly, it relates to a polishing conpound to be used in a
process for producing a sem conductor integrated circuit board. Mre 10
particularly, it relates to a polishing conpound which is suitable for

form ng an enbedded copper wiring in which tantalumor a tantalum conpound
is used as the material for a barrier fillm and a process for producing a
sem conductor integrated circuit board u5|n% the 15 polishing conpound.
BACKGROUND ART Recently, as the int BgPERF8AIENd functionality of

sem conductor integrated circuits have been increasin 20 there has been a

demand for d&-& CERBYD b | RRRRWGT R il S 2D RQE BRHFYG at i on

and densification. Planarization techniques for interlayer insulating
filnms and embedded wirings are inportdMTHIP seniconductor integrated
circuit production processes, in 25 particular, in the process of formng
mul til ayered mﬁrings That is, as the multilayered wirings are

i ncreasingly forned due to the mniaturization and 2 densification in the
senlconddhtoTES¥%HG%¥l ﬁEbPocesses the degree of irregularity tends to

increase in the C
The present invention relates to a polishing

compound. Particularly, it relates to a polishing
compound to be used in a process for producing a
semiconductor integrated circuit board. More

10 particularly, it relates to a polishing compound which is
suitable for forming an embedded copper wiring in which
tantalum or a tantalum compound is used as the material
for a barrier film, and a process for producing a
semiconductor integrated circuit board using the

15 polishing compound.

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

increasingly formed due to the miniaturization and



surfaces of the individual |ayers, resulting in a situation where the
difference in | evel exceeds the depth 5 of focus in |ithography. In order to
avoid such a problem high planarization techniques are inportant in the
process of formng nultilayered wirings. As the material for such wrings,
copper has been receiving attention because of its lower resistivity 10
conpared with conventionally used Al alloys and al so because of its
excellence in electromgration resistance2 Since the vapor pressure of
copper chloride gas is low, it is difficult to formcopper into the shape
of Wi rings WW@W@WWE%.W{W@uW%mmu%W 1B e@P9ensi onal |y
used. Therefore, in order to formthe wrings, a Danmascene nethod is used.

In this procdss, eé@%ﬁﬁf‘?ﬁl}?@%g%lﬁ:%l%lé tPRARNEDat REFERS AN ViBE hol es, are

formed in an insulating film A barrier_filmis then  forped thereon, and
t hen copper S¥rirRGRSi2edle Ja%d%‘bl‘%iéa}zOl@ﬁ%’é‘ddeﬁeﬁflhltEWH%r%h portions to
forma filmby sputtering, plati or the |ike. Subsequently, the excess

copper and tHeCURr YRR e Hre @ %ﬁﬁP?ﬁf inneavehl SHBRSEHI €3¢ P FRhi ng
(hereinafter referred to CNP" e surface of the insulating film
is 25 exp ose‘ﬁg RS lcrl"naJnltfsl'llu‘%g Yongnc&r p&'r?dlaﬁ’é’%do S & ecesses,

wher eby t he surffce |SH£A rlzed Rece ¥h nascene met hod has
been predom & i %Faﬁﬁﬁ%ﬁﬁ%%pﬁ% %&?Y%@saﬁﬁbﬂﬁﬂﬁﬁ Wt htCopper and

viaholes ape L 01 00051, L A8, Lor L gL of copper smbedet

As the material for such wirings, copper has been

receiving attention because of its lower resistivity

10 compared with conventionally used Al alloys and also
because of its excellence in electromigration resistance.
Since the vapor pressure of copper chloride gas is low,
it is difficult to form copper into the shape of wirings
by Reactive Ion Etching (RIE) which has been

15 conventionally used. Therefore, in order to form the
wirings, a Damascene method is used. 1In this process,
gap fillings such as trench patterns and via holes, are
formed in an insulating film. A barrier film is then
formed thereon, and then copper is deposited so as to be

20 embedded in the trench portions to form a film by
sputtering, plating, or the like. Subsequently, the
excess copper and the barrier film are removed by
Chemical Mechanical Polishing (hereinafter referred to as
"CMP") until the surface of the insulating film is

25 exposed, other than the portions corresponding to the
recesses, whereby the surface is planarized. Recently, a

Dual Damascene method has been predominantly used, in



order to prevent copper fromdiffusing into the 5 insulating film a barrier
filmgconposed of tantalum a tantalumalloy, or a tantal um conpound such as
tantalum nitride, is formed. Therefore, in the portions other than those
cQrrespondi ng to copper-enbedded w rings, the exposed barrier filmnust be
removed by CWMP. However, 10 since the barrier filmis significantly harder
than copper, it is often not possible to achieve a sufficient renoval

rate. Accordingly, a two-stage polishing saethod has been proposed, which
includes a first polishing step of renoving the wiring netal filmand a
second pol i skithgh1sorPpep 6irieadvengedfded betr EReeoPPem and ¥howholasFig. 1.
Fig. I includes cross-sectional views which show a nethod for formng
enmbedded wi rihgssbputimemugly| faymedhows the state before polishing; Fig.

| (b) shows the state after the first polishing _step in which a wiring 20
netal film4 is Fenbhedfioanatrry. of( epreREWSTPREASHaté T 1BPFer 1Fhe second
polishing step_in which a barrier film3 _is removed. As shown in Fig. 1
(a), an insuPBEFRgEPi PREYENpr 69PERE WER 3 EReRHERIf BREPoFRfNg enbedded
wirings 5is, forned on_a Si board 1. The barrier film3 is formed on 25 the
i nsul atimg fiPFP22C5RA fheMwi fi RRTREehl SHIPATPRROSER I A %aPE2tWRned@ furt her
t hereon. The mﬁriTg metal film 4 is rﬁnnved in the first polish'ng st ep,
and the barrFRREALUR| Rt QY7 sOF efiob @At R nURhECERAYAD Pof sﬂ?nbaQF%LP However ,

in CWP using the.gonventional .poljshi compound, an_increase in_dishing
and erosi on ?ﬁtfﬁée'cbﬁpt?gﬂﬁgedhéﬁrﬁﬁgfﬁgsﬂg g??lpﬁFBéO?FsgtPﬁrngﬁPens.
those corresponding to copper-embedded wirings, the
exposed barrier film must be removed by CMP. However,

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

15 step of removing the barrier film, as shown in Fig. 1.

Fig. 1 includes cross-sectional views which show a
method for forming embedded wirings by CMP. Fig. 1(a)
shows the state before polishing; Fig. 1(b) shows the
state after the first polishing step in which a wiring

20 metal film 4 is removed; and Fig. 1l(c) shows the state
after the second polishing step in which a barrier film 3
is removed. As shown in Fig. 1l(a), an insulating film 2
provided with trenches for forming embedded wirings 5 is
formed on a Si board 1. The barrier film 3 is formed on

25 the insulating film 2, and the wiring metal film (Cu
film) 4 is formed further thereon. The wiring metal film

4 is removed in the first polishing step, and the barrier



5 Here, dishing is likely to occur in a wwde wiring portion, and signifies
a state in which the wiring netal film4 in the wiring portion is
over-polished so that the central part thereof is concaved as shown in Fig.
2. FErosionis likely to occur in a dense wiring portion, and 10 signifies
such a phenonenon that the insulating film2 in the dense wiring portion is
over-polished and the insulating film2 becones thin as shown in Fig. 3. In
Figs. 2 and 3, the barrier film3 is not 4hown. The above first polishing
step may be carried out in 15 two stages in sone cases. The first stage
step is to Fehpve EOppRrOvRdt bl atporseernd P heshirg nFE§Pof the barrier
filmmaterial at a high renpoval rate, and the second stage step is to
pol i sh the surfaleWs¥ethelBaftPekS1ng| FfnfervantapnaldppfefBaRIr enoval rate
so that no 20 di shing nor erosion will take place. In, the second polishing
step, the cOpPEROWRY i s, INERe*Par T eP 179 o t O Hl B i WS fi Il m are

polished wusually substantiall|y.at the s rate. Accordingly, in a case
where no fl at°pp éﬁméegﬁ? i ¥e 1?%Stﬁew$f£§§1%% 5b??s%?ﬂ%r§?i%m%f r enovi ng
copper on portions_pther than .thf wiring portion, dishing, or erosion wll
be | nducéd T he hf1g bortHERIEER PRCTheiRer SR POTTEH%Ag step, and 5
no wring structure wt flat.Eurface will be finall fornmed. Accordingly,
't s requi e TEYTa HORi SHINGT L RBnPotGCT obtHe S r Ko JEHE SHY fISSEEp ¢ hal

[ e such gyte) ooy Vi Peket hecEompel KoL, ol coRRsaL S LA RDY © (e
central part thereof is concaved as shown in Fig. 2.
Erosion is likely to occur in a dense wiring portion, and

10 signifies such a phenomenon that the insulating film 2 in
the dense wiring portion is over-polished and the
insulating film 2 becomes thin as shown in Fig. 3. 1In
Figs. 2 and 3, the barrier film 3 is not shown.

The above first polishing step may be carried out in

15 two stages in some cases. The first stage step is to
remove copper up to a portion in the vicinity of the
barrier film material at a high removal rate, and the
second stage step is to polish the surface of the barrier
film material at a different removal rate so that no

20 dishing nor erosion will take place.

In the second polishing step, the copper wirings,
the barrier film and the insulating film are polished
usually substantially at the same rate. Accordingly, in
a case where no flat plane is obtained in the first

25 polishing step of removing copper on portions other than

the wiring portion, dishing or erosion will be induced at

the wiring portion even in the second polishing step, and



that di shing or erosion hardly occurs, and various polishing conpounds have
been .proposed (e.g. JP-A-2002- 170790) . On the other hand, for the
insulating filmon a 10 sem conductor board, mainly an inorganic materi al
such as Si 02 has conventionally been used. However, along with an increase
in density of wirings for high integration of a sem conductor integrated
circuit in recent years, a new nmaterial having a |ow dielectric constant,
called a lowk 15 material, has been recebving attention However, many of
low-k materials are nade of an organic_material or m xed naterlal of
organi ¢ and FPofHahie FRYertare. winkchtar n%,;lll?glfa%%lWéHnﬁer@éﬂﬁf@nt| onal CWP
process may _bring about a problen1of peeling of the insulating film20
itself, in afeF®edn tptF%Prﬁld}ﬂ]e\ffn ot i¥y SRAGENYY £C%rf PIEEFRIEH the surface
of the sem conductor iLnte circuit board. In order to prevent the
peel i ng, a CMPTPYRLek_T g% %r%? %?ﬁ%?ﬁ?%% StPRNBYAF FEtEaﬁsSHFBhaas
conventional one even_under a_low polishin sure, and 2 pol i_shi ng
conmpound t heF®F 9Tt havEY bEeA" r%ﬁ%|¥ OV%Y %EE fﬁ@???e?kﬁs aﬁﬁ? BR Under

t hese C|rcunstancesé ii ? ect of the p esent inve tion tq provide a
pol i shi ng coﬁ%%uﬁ%m Ha t?%ﬁ?a? y Eﬁl?%5¥%e¥of % I?%hYﬁﬁy ggnléﬁ ductor 5
integrated c rCU|§ %ﬁard whi ch has ectivity that it can

|
pol i sh coppe h%f bﬁgr%ﬁn%r?Sl?at aE@%% %%8%?53 ?B&/E%FFSHan pressure
and it provigdes. R; | oW LemDVaks ' RESe A LANLBLUMLQE A-taNt 3hum sgppound to

170790) .
On the other hand, for the insulating film on a

10 semiconductor board, mainly an inorganic material such as
Si0, has conventionally been used. However, along with
an increase in density of wirings for high integration of
a semiconductor integrated circuit in recent years, a new
material having a low dielectric constant, called a low-k

15 material, has been receiving attention. However, many of
low-k materials are made of an organic material or a
mixed material of organic and inorganic materials.
Accordingly, polishing by conventional CMP process may
bring about a problem of peeling of the insulating film

20 itself, in addition to a problem of irregularities and
scars on the surface of the semiconductor integrated
circuit board. In order to prevent the peeling, a CMP
process capable of providing a removal rate as high as
conventional one even under a low polishing pressure, and

25 a polishing compound therefor have been required.



be a barrier film which thereby suppresses wiring 10 defects such as

di shing, erosion or peeling of the insulating film in CVMP process
*particularly in a process for producing a sem conductor integrated circuit
bard in which copper enbedded wiring are formed; and a process for
produci ng a sem conductor integrated circuit board 15 using the polishing
conpound. The present invention provides a polishing conpound for chem cal
mechani cal polishing of a substrate, confrising the follow ng conponents

(A, (B), (Qéi ég% and éE%: 20 (A% abrasive grains (B) aqueous medium (O
tartari c aci BI¥ByCFYRENGHr O%F mEY VGV aAPNomet hane (E) at |east one nember
selected fromthe groug 25 consisting of malonic aciggand | eic acid. The
pol i shi ng conpouHB36F tHESEr ELEAPMFRGEREFonlt( hEr BMNAPIEFtr &fel®d to as the
pr esent polishing 7 . conpound) ﬁrovidea a higg.rgnnval rate gf copper even
when pol i shiREEFS tatPYeat o0t BRABT OB Foud pPBSEErendafig™ Py ther ef or e
suitable for _polishing,copper., Further, in  this case, erqgsion or dishing is
oss T kel y PREGLEATATAY PRREFapLe] FOF Bot fek Y7 ne RRiG0aRFEPE of t ant alum
or a tantalumco und such.as tantalumnityide, and ccordingly when the
present_ﬁ%li%ﬁkﬁ%g%gﬁgoﬁﬁﬁcP%guggﬁréfowﬂ%ﬁ%_%?FsFuﬁglPgﬁfﬁ *8fep in
production of g . 5eyl congUcLoL, | pLgoral edy cLrgull boardyipn, waigh copper

rate even under a low polishing pressure and it provides

a low removal rate of tantalum or a tantalum compound to

be a barrier film, which thereby suppresses wiring

10 defects such as dishing, erosion or peeling of the

insulating film, in CMP process particularly in a process

for producing a semiconductor integrated circuilt board in

which copper embedded wiring are formed; and a process

for producing a semiconductor integrated circuit board

15 using the polishing compound.

The present invention provides a polishing compound

for chemical mechanical polishing of a substrate,

comprising the following components (A), (B), (C), (D)
and (E):
20 (A) abrasive grains

(B) agueous medium

(C) tartaric acid

(D) trishydroxymethylaminomethane

(E) at least one member selected from the group
25 consisting of malonic acid and maleic acid.

The polishing compound of the present invention

(hereinafter referred to as the present polishing



10 enbedded wirings are forned, enploying tantalumor a tantalum conpound
as a barrier film excellent selectivity will be obtained such that the
renoval rate of copper is high and the renoval rate of the barrier filmis
lQqw. is The present invention further provides a process for producing a
sem conductor integrated circuit board, which conprises form ng an
insulating filmon a wafer, and form ng copper enbedded wirings in the
insulating filmby nmeans of a barrier fillmnade of tantalumor a tantal um
20 conpound, characterized, by havjng steps of bringing the surface of the

wafer into c%%?EQFHQRtﬂr%Vﬁéﬁ?sﬂiHégbaﬁ?mogﬁ%pF?FﬁgO?%§0888§eeﬁ8Pishipg
Copper | for MASBSohESEeate 6RTERETWARE U957 BRI ERVERPERRATFONEER THE -
DRAW NGS Fig, 1; cross-section views illustrating a process 8 of formng
enbedded mﬁriﬁggh%§e . ?ﬁ}tﬁg#ﬁrgoﬁoPPiﬁ? b?g(B?SB?Fer "GPt i of of t he
of ' the secontPiol FORPngeE0BRoBT SFORbINAGY boalbar: toFoty| hPEPReuss T o
cros§-sectiopal viems.'!lustrggin he Rrocess o eth gener tion of
G shing. (2) FBEFBPE Db | BEPRERCEH] SPTeFBarRInFRGSFFY, P3nCerbleoEegt i onal
views illustrating, fhg,50uRE0583R 9L LORcP0G" ALQRaQ" §hgs! on

accordingly when the present polishing compound is used

for the first polishing step in production of a

semiconductor integrated circuit board in which copper

10 embedded wirings are formed, employing tantalum or a
tantalum compound as a barrier film, excellent
selectivity will be obtained such that the removal rate
of copper is high and the removal rate of the barrier
film is low.

15 The present invention further provides a process for
producing a semiconductor integrated circuit board, which
comprises forming an insulating film on a wafer, and
forming copper embedded wirings in the insulating film by
means of a barrier film made of tantalum or a tantalum

20 compound, characterized by having steps of bringing the
surface of the wafer into contact with a polishing pad,
supplying the above polishing compound to a space between
the board and the polishing pad, and polishing copper
formed on the surface of the wafer.

25

BRIEF EXPLANATION OF THE DRAWINGS

Fig. 1: cross-sectional views illustrating a process



(a) before polishing, (b) after polishing BEST MODE FOR CARRYI NG QUT THE

| NVENTI ON The present polishing conpound contains the 15 foll ow ng
conponents (A) to (E). (A) abrasive grains, (B) an aqueous nedium (O
tartaric acid, (D) trishydroxynethyl am nonet hane (hereinafter referred to
as THVAM and (E) at |east one nmenber selected fromthe group consisting of
mal oni ¢ acid and nmal ei c acid. 20 The abrasive grains as the conponent (A)
contained in the present polishing conmpo®ind may, for exanple, be conposed
of an al um num oxi de such qi a-alunmna, (3-_alumna, 5-alumna, y-alumna or

e-al umina, offckTBiRy empefded WhekadanPasti®: grains may be used al one or
in 25 conbi nation, and_abrasiye grains co sed of apother inoyganic

mat eri al or orgaﬁ?&ahﬁfg¥?apoﬁh§géPgo Bg)nggﬁ?ﬁiﬁaﬂp FRPR afr ﬁge not to
have a bad iffluence pver 9 the sem conductor intggrated tiéCﬁ%t. IF a case
where the abl st vyt BT RS Ar - TInPbsET O 1 %] iny hal Y HRS&Er Sy paf i cl e
size is preferably fro 0.001 to 0.5 nmore. preferably from0.01 to 0.3
om 5 Anong BT (T HaTD B bl G A TAS pRr PRI A | Y BFAT er T e, OF FIPEREIS  he

al um na contained in tge ﬁresent polishing conmpound is preferably from 0. 05
to 5 masS% TorE hrefetHbly from0.09 to 3 mass% In a case where the

abrasi ve grains conp 0 i t he. e . partigcle size is
preferably fron1€?§019't§?§g§ %ﬁ$%%%§§5p?% era ?;ﬁ%?%%$ pélkﬁg 0.3 pim
Further, “the geria SPNERENSLhdfat N6n PEESEN AR Shing conpound is

(a) before polishing, (b) after polishing

Fig. 3: cross-sectional views illustrating the

10 process of the generation of erosion

(a) before polishing, (b) after polishing

BEST MODE FOR CARRYING OUT THE INVENTION
The present polishing compound contains the

15 following components (A) to (E). (A7) abrasive grains,
(B) an aqueous medium, (C) tartaric acid,

(D) trishydroxymethylaminomethane (hereinafter referred to
as THMAM) and (E) at least one member selected from the
group consisting of malonic acid and maleic acid.

20 The abrasive grains as the component (A) contained
in the present polishing compound may, for example, be
composed of an aluminum oxide such as a-alumina, B-
alumina, &-alumina, y-alumina or 8-alumina, or ceria or
silica. These abrasive grains may be used alone or in

25 combination, and abrasive grains composed of another
inorganic material or organic material may also be

contained within a range not to have a bad influence over



preferably fromO0.1 to 10 mass% nore preferably from1l to 5 mass% 15 In a
case where the abrasive grains are conposed of silica, the average particle
size is preferably from 0.001 to 0.5 pm nore preferably from0.01 to 0.3
pm Further, the silica contained in the present polishing conpound is
preferably from0.5 to 15 mass% nore 20 preferably from1l to 10 mass% |If

the particle size of the abrasive grains is too snall, no adequate renoval
rate will be obtained, and if the particbe size is too |large, the polished
surface will be scared. Wen alumna, silica and ceria have average 25

particle sizekevseniponrfecepoviEntaggrsedachighitenoval rate can be
mai nt ai ned and at the same tinme the polished surface is less likely to be
scared. Here, thé&Nadefage wherpakhpchbBraprecograhes aprasroergeafingfis a
val ue obtained by dispersing in water the abrasive grains in a state
bef ore they atenhi&edthf t AVahddheP2Ebhpbhent 2 ahdl PhebstrRHY bjr#Bans of
| aser scatterin i and it nmay be 5 neasured, for exanple, by Mcrotrac HRA
nodel 9320- X AU a® t &R e By NPRRFeerlehy | fxem. O Fod tBer0- 3 fihe cont ent
of the abrasive grajns.in the ﬁolishi ng conmpound is too Low, the renoval
rate tends 2BCBe FOWIERT i $-RHENLONt BRtPIF 1 Felabt BsPreigFa®%s is 10 too
hi gh, the viscosity of the polishing cop und tends to be hj %1% and the
handl i ng wi |fr‘u5"eh%¥ffﬁ‘—%%ﬁ?mﬁh??h%?gté%ﬁggpﬁh%}h%cPE%ﬁ?%‘;:eP?Jsg t%9 i kely to
be scared. Vhen  thg confents o3 HNa, gilisasand ceria are within the
preferably from 0.09 to 3 mass%.
In a case where the abrasive grains are composed of
10 ceria, the average particle size is preferably from 0.001
to 0.5 um, more preferably from 0.01 to 0.3 um. Further,
the ceria contained in the present polishing compound is
preferably from 0.1 to 10 mass%, more preferably from 1
to 5 mass%.
15 In a case where the abrasive grains are composed of
silica, the average particle size is preferably from
0.001 to 0.5 um, more preferably from 0.01 to 0.3 um.
Further, the silica contained in the present polishing
compound is preferably from 0.5 to 15 mass%, more
20 preferably from 1 to 10 mass%.
If the particle size of the abrasive grains is too
small, no adequate removal rate will be obtained, and if
the particle size is too large, the polished surface will
be scared. When alumina, silica and ceria have average
25 particle sizes within the above ranges, a high removal

rate can be maintained and at the same time the polished

surface is less likely to be scared. Here, the average



above ranges, a high renoval rate can be maintained and 15 at the sane tine,
the viscosity of the polishing conpound will not be too high. Further, when
- a sem conductor integrated circuit board is produced, it is necessary to
avoid inclusion of inpurities which have a bad influence over the circuit.
20 Accordingly, particularly when used for polishing a sem conductor
integrated circuit board, the abrasive grains in the present polishing
conmpound are preferably conposed of a hilgh purity oxide having a purity of
at least 99% nore preferably at least 99.5% In a case 25 where the

abr asi ve gr @ast k¢ ke cohposell dheprbrasivypesais ddprasvabugrabmeined s
preferred that a plurality of abrasive grains each having a purity of at

| east 99% arley 1dispexednd | i vwabebf therabyasiveigrpies eifedl $hAESs0di um
ions, etc., which particularly have a bad influence over a sem conductor
integrated crekRie,they abe RXxed VhthrnogprhstoEoeReihs. aBdAs t he
conponent (B), it is preferred to use high purity water such as

i on- exchangetP&wit e byY | Fe@Rs . of HbRRSErSCREtaRINBe AHi ked@Y sPer si on nedi um
conprising water as the nmain conponent and contai ning_an organi c sol vent
sol ubl e i°n VBRRFUrPchids FREPEBhOPY Mherabraf c%%lm?@e%o%%%f%}%% arly

limted, and it , fo exanpl e, be an aliphatic al cohol having a Cl1L 5
al kyl group m%%%ﬁggguﬁ?aam%lN£%¥5%%n%?‘orL% tanol. The conponent (B)
preferably conprises. water _alone copsi dering easjness of washing of an
obj ect to be pol TSheRShf t &f b Figﬂ?ﬁﬁnt ot 'the”3 rasive grains it

the polishing compound is too low, the removal rate tends
to be low, and if the content of the abrasive grains is

10 too high, the viscosity of the polishing compound tends
to be high, and the handling will be difficult. Further,
the polished surface is more likely to be scared. When
the contents of alumina, silica and ceria are within the
above ranges, a high removal rate can be maintained and

15 at the same time, the viscosity of the polishing compound
will not be too high.

Further, when a semiconductor integrated circuit
board is produced, it is necessary to avoid inclusion of
impurities which have a bad influence over the circuit.

20 Accordingly, particularly when used for polishing a
semiconductor integrated circuit board, the abrasive
grains in the present polishing compound are preferably
composed of a high purity oxide having a purity of at
least 99%, more preferably at least 99.5%. In a case

25 where the abrasive grains are composed of plural types of
abrasive grains, it is preferred that a plurality of

abrasive grains each having a purity of at least 99% are



15 influence of volatile conponents over working environnment, etc. Three
conponents i.e. tartaric acid as the conponent (C), THVAM as the conponent
(D) and at | east one nenber selected fromthe group consisting of malonic
acid and 20 maleic acid as the conponent (E), increase the polishing
characteristics by conbination of these three conponents. Wen only one or
two conponents of the above three conponents are contained in the polishing
conmpound, such characteristics can not he obtained that the renmoval rate 25
of copper is high, the renoval rate of tantalumor a tantal um conpound is

| ow, and a priopd@m dh &igw difspiurgtyi s iitess [Bredlernasl dd@ly .sohieimabove
characteristics can 12 be obtained only when the three conponents are

cont ai ned. \#@hs THVMIM i svizlorht dvaieldl Gl ahky pge Ve hi g @ obpblingncet p¥c¥ enoval
rate of tantalumor a_tantal um conpound tends to be low In _order that the
removal rat e ofeRBpPRIUG oL IeeEERRA anH Skt pravht enrofmexgd #nshhfg or
erosionis less |ikely to occur, while maintaining these characteristics,
it is necessHERIBVAREIHES above conmponents (C) and (E) No adequate renoval

rate will be obtained, although the problem of dishi ng is less likely 10 to
occur, whien onl y2%aFRarfemRerelas{(Fhe tbhnponeheieeyedstoanaadhtahit he

pol i shi ng conpound cont ai ni THVAM A hi gh enoval rate of_ copper wll be
obt ai ned ev %%rw%t?%v?u%'glq%h%%"%%%‘%ﬂﬁ%‘g WAt &Ky ?%nb%%ﬁalfate of

tantalumorel_ﬁhe |ike,will he obtaine and the problem of e.gisgishingis

is |ess |iketY"e¥hechr ,MBhINe vihdit FHE PoTRShT Y CBRpbiRdComPIis1ng

water as the main component and containing an organic
solvent soluble in water, such as an alcohol. The

10 alcohol 1s not particularly limited, and it may, for
example, be an aliphatic alcohol having a C;.s alkyl group
such as ethanol, propanol or butanol. The component (B)
preferably comprises water alone considering easiness of
washing of an object to be polished after polishing,

15 influence of volatile components over working
environment, etc.

Three components i1.e. tartaric acid as the component

(C), THMAM as the component (D) and at least one member
selected from the group consisting of malonic acid and

20 maleic acid as the component (E), increase the polishing
characteristics by combination of these three components.
When only one or two components of the above three
components are contained in the polishing compound, such
characteristics can not be obtained that the removal rate

25 of copper is high, the removal rate of tantalum or a
tantalum compound is low, and a problem of e.g. dishing

is less likely to occur. The above characteristics can



contains three conponents (C), (D) and (E). Here, the content of tartaric
acid . in the present polishing conpound is preferably fromO0.01 to 10 mass%
*nmore preferably from0.1 to 2 nass% to the total nass of 20 the present
pol i shi ng conpound. Further, the content of THVAMis preferably fromO.1 to
10 mass% nore preferably from1l to 8 mass% Further, the content of

mal onic acid and/or nmaleic acid is preferably fromO0.01 to 10 nass% nore
preferably from0.1 to 2 mass%in total. 1 the 25 contents of these
conponents are too low,_ the above effects will not sufficiently be

obt ai ned, andenebtaimegcpBhy vesByERer BhEcrnyOBROBBREFNRES 6ANER&NGEher 13
than, if the contents are higher than the above ranges, no further increase
in the effect bywaéalﬁﬁMﬁMwﬂﬁlCﬁéta66?§|ﬁ@dth?héoéﬂé§éﬁ9 ﬁ@FE@NPﬁb conpound
preferably contains, 5 in addition to the conEonents (A) to , a _conpound
havi ng a funE??oﬁeWBVFBrﬁﬁéepPgtE@PF@éumlPﬁ16n FHEa$PW| @mpﬁﬁpélt§ﬁﬁﬁace S0

as to prevent d shing at the tal portion. flcally a conpound
represented by ?h%o‘gorn{ﬂaorl g’?ae?etr ’yép ]allFPe GI"% 10

represent ed b t he fqrmnula % case_where the wirin netal i S _copper,
s physi cal | JA6F SERBH B4R § sd%?ﬁéamoﬂf £hé- c bﬁe%nguP?a@éOFaorlom 2 tilm
atom & C1 4TEPRy TS BF blip oa CE LR alkoks BPBReOP 8o 16RE Fbokyl i ¢ aci o or oup:
y p, a 1 boxylic acid group:
N characteristics, it is necessary to add the above
components (C) and (E). No adequate removal rate will be
obtained, although the problem of dishing is less likely
10 to occur, when only tartaric acid as the component (C) is
added to the polishing compound containing THMAM. A high
removal rate of copper will be obtained even under a low
polishing pressure, a low removal rate of tantalum or the
like will be obtained, and the problem of e.g. dishing is
15 less likely to occur, only when the polishing compound
contains three components (C), (D) and (E).
Here, the content of tartaric acid in the present
polishing compound is preferably from 0.01 to 10 mass$%,
more preferably from 0.1 to 2 mass%, to the total mass of
20 the present polishing compound. Further, the content of
THMAM is preferably from 0.1 to 10 mass%, more preferably
from 1 to 8 mass%. Further, the content of malonic acid
and/or maleic acid is preferably from 0.01 to 10 mass$%,
more preferably from 0.1 to 2 mass% in total. If the
25 contents of these components are too low, the above

effects will not sufficiently be obtained, and no

sufficient removal rate may be obtained. On the other



N Formula 1 Specifically, benzotriazole (hereinafter referred to as BTA),
tolyltriazole (TTA) having one hydrogen atomat the 4- or 5-position of the
benzene ring of BTA 20 substituted by a nethyl group,
benzotri azol e-4-carboxylic acid having a hydrogen atom substituted by a
carboxylic acid group may, for exanple, be nmentioned. They nmay be used

al one or as a mxture of at |east twd. The above conpound having a function
to forma protective filmis 14 containag in an anount of preferably from
0.001 to 5 nass% nore preferably from0.005 to 0.5 nmass% furthernore
preferably ftloano. D05the oontemtsdgpreohigbert phan hhssabdveheapgesent
pol i shing conpound, in view of 5 polishing characteristics. Further, the
present pol i 8hi figreeapoundrpreternbrhe ebheat nby apddxrdpri vgligeat. The
effect of the oxidizing agent is not necessarily clear, but is considered
to accel era®®etpdnedhing in such a manner that it fornms an 10 oxidized film
on the surface of copper as an_object to be polished, and the oxidized film
is renoved from The P§8F5f3§éepéﬁ-lﬁlﬁénﬁoﬁpﬂpﬁyné reekgrpeal FerEainfovever, if
the content of the oxidizing agent is too high the corrosion rate of

copper ngy bénh?ﬁﬁ?t#ﬂﬁsFoigh?sC?@pEBﬁPE?néﬁ i hoahE hno@nECBPOBRES er abl y from
0.1 to 10% _nore pre erablg fromO0.5 to 5% to , the total nmass of the

pr esent poIi%ﬁVh@gcﬁn%BﬁﬁH? AsCPhECHRi @i PFAGeapet, f1h)dPRgERe pEtbxde, urea

peroxi de, acetjc. peragcid, ferric — .
metal surface so as to prevent dishing at the wiring

metal portion. Specifically, a compound represented by
the formula 1 is preferably contained. The compound

10 represented by the formula 1, in a case where the wiring
metal is copper, is physically or chemically adsorbed on
the copper surface to form a film and thereby suppresses
elution of copper. In the formula 1, R is a hydrogen
atom, a Ci.4 alkyl group, a Ci-4 alkoxy group or a

15 carboxylic acid group:

R N
\\\\\\fzz:> ” Formula 1
N

~
N

Specifically, benzotriazole (hereinafter referred to
as BTA), tolyltriazole (TTA) having one hydrogen atom at
the 4- or 5-position of the benzene ring of BTA

20 substituted by a methyl group, benzotriazole-4-carboxylic
acid having a hydrogen atom substituted by a carboxylic
acid group may, for example, be mentioned. They may be
used alone or as a mixture of at least two. The above

compound having a function to form a protective film is



nitrate or iodate may, for exanple, be used, and hydrogen 20 peroxide is
particularly preferred in view of |ess stains of the sem conductor board.
* The present polishing conpound nay further optionally contain a pH
adjusting agent, a surfactant, a chelating agent, a reducing agent, etc. as
the case 25 requires. The pH of the present polishing conpound is
preferably from5 to 8 Wthin this range, the copper is surface is |less
likely to be corroded and a high renoval 14 ate of copper can be nmaintai ned.
Usual |y, the pH may be adjusted by the anmounts of the acids and THVAM i n
the polishi agnediEpedndl pit aBOPRL adf usreferallyefront i ABY. £t8 Pn such a
case, the pH adjuster is not particularlg limted wthin a range not to
i mpai r the pBRfshi nBorpePFofRaERRLY BREMalkhBwntacP d>oragafkali may be used.
Specifically, for exanple, the gH adjuster to the acidic side may be an
i nor gani ¢ actérspermasenpreferabiy, t1emsht POPi £0ali 4 BRSAGdr BENFBRI ¢ acid or
an organic acid _such as_acetic acid prﬁpionic acid, lactic acid, citric
aci d, oxal i caERY BRSSuei hPe BEPASREUPPhEFRLEFCHRPAHPHst &R YéeYhetbasic
side may, for egﬁ Ie,hbe an alkali netal compound such as potassium 15
hydr oxi d& aPPtt Eggtﬁ fEREFEFyShAFRe, hydroxyl anine or a quaternary
ammoni um sal t such tetranmet hyl a ni_ um . amoni um hydr oxi de o
tetraephylannoniﬁﬁfgﬁﬁﬁniG X ﬁ§%?8§¥389Tfﬁh9H8 SP@Q@H% i RV& FFSh}ythe pH may
be adjUStedcggtgggsbgﬁl8x§59%i9¥ QgéHéﬁ'r%%é'E%fE@%”gf‘ﬁhe oxidizing
agent is not necessarily clear, but is considered to
accelerate polishing in such a manner that it forms an
10 oxidized film on the surface of copper as an object to be
polished, and the oxidized film is removed from the
surface of the board by a mechanical force. However, if
the content of the oxidizing agent is too high, the
corrosion rate of copper may be high. Thus, it is
15 contained in an amount of preferably from 0.1 to 10%,
more preferably from 0.5 to 5%, to the total mass of the
present polishing compound. As the oxidizing agent,
hydrogen peroxide, urea peroxide, acetic peracid, ferric
nitrate or iodate may, for example, be used, and hydrogen
20 peroxide is particularly preferred in view of less stains
of the semiconductor board.
The present polishing compound may further
optionally contain a pH adjusting agent, a surfactant, a
chelating agent, a reducing agent, etc. as the case
25 requires.

The pH of the present polishing compound is

preferably from 5 to 8. Within this range, the copper



20 THVAM I n a case where no alkali netal is preferably contained, anmonia
is used in many cases. However, if ammonia is contained, the renoval rate
of tantalumor the Ilike tends to increase, and the selectivity wll
decrease. Particularly when used for polishing a 25 sem conductor integrated
circuit board with copper wrings enploying tantalumor a tantal um conpound
as a barrier film the anount of amonia is preferably small 16 even if it
is contained in the polishing conpound, amsl substantially no anmonia is
preferably contained in sonme cases. on the other hand, when anmmonia is
cont ai ned i nsuhéacs presens pokeski g benpounddegdhandeaohaphr aemowflcopper
tends to increase. Accordingly, when the compound is wused for polishing a
sem conduct oFafat e§r apeBeE| Feli Pe Baanrdannefd - cdpperl v r i Hee Rhphay il
tantalumor a_ tantal um conpound as a barrier film and when it is 10
attenpted to2fnereadePyhEheeaBoaRtrapé bhecapper apdnTHIAM: ke hb6ve
selectivity is_sonewhat decreased, it is preferred to_ incorporate anmonia
into the preBehishpBgi SARRGUEBNpBURd2aPEsaER atPEVERYt REt CPRE2LBRBval rate
of tantalumor the like will pot increase. Specifically, 15 in a case where
anmoni a i% coRt APRBdei AafRe pPesBRt 2dpBFFehi h§ BBRpBRREICHABT BNt ent of
ammoni a i s preferahl ,Fr%r_om 0.05 to 0,4% particularl referably fromO0.1
to 0.3%to th8LES a%l $8 Sfr?ﬁgepPEEeﬁP Bp?éﬁiHbec%ﬁgbﬁﬁa?gFurther, a
surfactant may be added with a purpose of 20 | ovi n ispersibility of

t he pOIiShiﬂBXEgﬂﬁgaﬁaeanang a Eno acid or a&ﬂg 1 mag ge Bsea.

Specifically, for example, the pH adjuster to the acidic
side may be an inorganic acid such as nitric acid,

10 sulfuric acid or hydrochloric acid or an organic acid
such as acetic acid, propionic acid, lactic acid, citric
acid, oxalic acid or succinic acid.

Further, the pH adjuster to the basic side may, for
example, be an alkali metal compound such as potassium

15 hydroxide, a primary to tertiary amine, hydroxylamine or
a quaternary ammonium salt such as tetramethylammonium
ammonium hydroxide or tetraethylammonium ammonium
hydroxide. In the present invention, the pH may be
adjusted to the basic side by adjusting the amount of

20 THMAM. In a case where no alkali metal is preferably
contained, ammonia is used in many cases. However, if
ammonia is contained, the removal rate of tantalum or the
like tends to increase, and the selectivity will
decrease. Particularly when used for polishing a

25 semiconductor integrated circuit board with copper
wirings employing tantalum or a tantalum compound as a

barrier film, the amount of ammonia is preferably small



pr'eventi ng rougheni ng of the copper surface after polishing. As the
surfactant, any of an anionic surfactant, a cationic surfactant, a nonionic
" surfactant and an anphoteric surfactant nay be used, 25 The anionic
surfactant may, for exanple, be ammonium |lauryl sulfate, polyacrylic acid,
an al kyl sulfate or an al kyl benzene sul fonate. The cationic surfactant may,
for 17 exanple, be an alkylamne salt or a quaternary anmmonium salt. The
noni oni ¢ surfactant nmay, for exanple, bel& polyoxyethylene derivative, a
pol yoxyet hyl ene sorbitan fatty acid ester or a glycerol fatty acid ester.
The 5 anphot@ye®e 5hriactantoneyinedriexthpleol behing afRYPOUB@t afR@ or an

am ne oxi de. The chel ati ng agent nay, for exanple, be an amno acid such as
gl yci ne, al avitpetanyt iR by neo opMBRIPER aff net eherphby i genathedsigl §ePegl yci ne
or glycylal anine, a 10 pol yam nocarboxylic acid such as EDTA, an
oxycar boxyl i €85%€i d such as citric acid or a condensed phosphoric acid.
Further, a netal che]ate ﬁgy be contained, and when copper .is polished for

exanpl e, ant hr anPTi ERgcPEREBpPERY  cHBFRL 8 BPRER Ut AafBRE2aBPE ¢BppEF chel at e
may, for 15 exanple, be.used. Further, as the reducing agept, a hydrogen
conmpound ° suheas? yﬂ?ﬁb% 1?%d?8%p%?nﬂde%%eﬁe%ﬁY? d%gB? %Pkﬁﬁﬁﬂe¥organic
conmpound such as an al dehyde, a sugar,, farmc. acid or oxalic acid may be
used. 20 Thet%?§§eﬂ? potfshrhng 9 SR éhﬁ CEHTEM g copper, and
I's useful paﬁgégukgélgoigéhing a semiconductor integrated circuit
board with copper wirings employing tantalum or a
tantalum compound as a barrier film, and when it is
10 attempted to increase the removal rate of copper even if
the above selectivity is somewhat decreased, it 1is
preferred to incorporate ammonia into the present
polishing compound at such a level that the removal rate
of tantalum or the like will not increase. Specifically,
15 in a case where ammonia is contained in the present
polishing compound, the content of ammonia is preferably
from 0.05 to 0.4%, particularly preferably from 0.1 to
0.3% to the total mass of the present polishing compound.
Further, a surfactant may be added with a purpose of
20 improving dispersibility of the polishing compound and
preventing roughening of the copper surface after
polishing. As the surfactant, any of an anionic
surfactant, a cationic surfactant, a nonionic surfactant
and an amphoteric surfactant may be used.
25 The anionic surfactant may, for example, be ammonium

lauryl sulfate, polyacrylic acid, an alkyl sulfate or an

alkylbenzene sulfonate. The cationic surfactant may, for



polishing for production of a sem conductor integrated circuit board having
a filmmade of tantalumor a tantalum conpound as a barrier filmbetween an
“insulating 25 filmand copper. The method of polishing a sem conductor
integrated circuit board by using the present polishing conpound is not
particularly limted. A nmethod wherein 18 the rear face of a sem conductor
waf er board having a sem conductor integrated circuit formed on the surface
of the wafer, is held by a rotatabl e polii7shing head, pressed on a
polishing pad fixed on a rotatable support and 5 rotated, or a nethod

wherei n t he ex@iPkacddfan aHem IToHRIcCIDFC VR & Perlr e kY ngfrac8 el conduct or
integrated circuit forned on the surface of the wafer is_ fixed on a
rotatabl e sufibbtt, THFd FRTEERLShiSNG IRCAG N te §GiYp pd@rniet®™® 150! iBshithg pad i s
brought into contact 10 with_the surface of the sem conductor_ integrated
circuit and®?BIFERELVESRe (PR BBNHIY, DL EREY PPt eFPEIFaRa net hod
of polishing copper forned on the surface of the board, by bringing the

surface of tIREEHYRE iR LI FtIWIH hef POty HHY pehnd Rifppl ying 15

t he present pol.ishing co und to a space between the surface of the board
and the pol i ¥MRYEpate ﬁ%c*i%thoﬁ%c‘?’iﬁm?%‘?eg?%t% 215%bit board may

be attached to the gﬁﬁport by nmeans.of a cushioning material so as to
absorb the presdtite r"i‘rhgarb%rf‘? HFF 20 and uniformy apply a pressure to
the surface of the segiconductor {nte ra%ed circuit bpard. Furgger, t he

pol i shing pad may RaveStRahnel 9Pt STipp! y: por t8LB ¢ habe an amd

acid such as glycine, alanine, glutamine or asparagine, a
peptide such as glycylglycine or glycylalanine, a

10 polyaminocarboxylic acid such as EDTA, an oXycarboxylic
acid such as citric acid or a condensed phosphoric acid.
Further, a metal chelate may be contained, and when
copper is polished for example, anthranilic acid copper
chelate or quinaldic acid copper chelate may, for

15 example, be used.

Further, as the reducing agent, a hydrogen compound
such as hydrogen iodide or hydrogen sulfide or a known
organic compound such as an aldehyde, a sugar, formic
acid or oxalic acid may be used.

20 The present polishing compound is useful for
polishing copper, and is useful particularly for
polishing for production of a semiconductor integrated
circuit board having a film made of tantalum or a
tantalum compound as a barrier film between an insulating

25 film and copper. The method of polishing a semiconductor
integrated circuit board by using the present polishing

compound is not particularly limited. A method wherein



t he polishing conpound in the slurry formcan be wuniformy supplied to the
surface of the sem conductor 25 integrated circuit board. The material of
t he polishing pad may, for exanple, be a polyester or a pol yurethane, and
in Exanples of the 19 present invention, |IC 1000 K-G ooved (nmade of

pol yur et hane, manufactured by Rodel, Inc.) was enpl oyed. However, the
material of the polishing pad used is not Ilimted thereto, and may
optional |y be sel ected depending 5 upon t4$e pol i shing compound used. The
pol i shing pressure may be set_depending upon the type of. the polishing pad,
bresence of AESENCY abif THe: ¢ ype brotRE CUBHIORThgo Rerar 8- ¢re r emoval
rate and the, physigal properties.of the pol i shingscompeund. sueh as ghe 10
Vi scosity of The sTurry. Wevers -the pr esent pd?lshlng conpoun% can

provide a high renmpval rat ppey. nder. a | ow pol Eshin [essure.
Accordi ngly, %é”%r%@én § %%f%sﬁ?n% E%ﬁ%g%%ﬁgigo%%$§lﬁ%e£§?afo?rgﬁg?ghing of

2 semcondygtor Lotegianed ehr e Laboard 1o abish, copper. 15, gabedded

W rings are r I'n an I'ng frimnmade o an organic nmaterial or an

organic/gnorﬁﬁggge&ongpsétﬁétﬂ§§e?$%%$%gg{$% %eéfm%géglgftéic constant (e.qg.

relative”™ dieleciric constant y neans of a barrier

fil mmade ofod Rt aha 08 3,4 A0} BbYIFE RO o 20ohl Snigcbppause an

insulating filmnmade of an organic materi ran organi c/inorganic
conposite meiefdath@s clPwistrenghdaasn cogpaseds W& ho ANchOSPLaLE ngsFil m

made of an inorganic material such as Si 02, and the insulating
fixed on a rotatable support, and a polishing head
equipped with a polishing pad is brought into contact
10 with the surface of the semiconductor integrated circuit
and rotated, may, for example, be employed.

Preferred is a method of polishing copper formed on
the surface of the board, by bringing the surface of the
board into contact with the polishing pad and supplying

15 the present polishing compound to a space between the
surface of the board and the polishing pad.

Here, the semiconductor integrated circuit board may
be attached to the support by means of a cushioning
material so as to absorb the pressure during polishing

20 and uniformly apply a pressure to the surface of the
semiconductor integrated circuit board. Further, the
polishing pad may have channels or supply ports so that
the polishing compound in the slurry form can be
uniformly supplied to the surface of the semiconductor

25 1ntegrated circuit board.

The material of the polishing pad may, for example,

be a polyester or a polyurethane, and in Examples of the



filmnmay be peeled fromthe board when polished under a 25 hi gh polishing
pressure, and accordingly it is polished preferably under a | ow polishing

" pressure. In such a case, the polishing pressure is preferably 20 from0.7
X103 to 3 .5X104 Pa, particularly preferably from 0.35X104 to 2 . | X104 Pa.
I f the polishing pressure is |ower than 0.7xl G3 Pa, no adequate renoval
rate will be obtained, and on the other hand, if it is higher than 5 2

| X104 Pa, dishing, erosion or scars may décur during polishing, or the
insulating filmmay be peeled off due to the insulating filmnmde of an

i nor gani ¢ neREPFARL oVt bPyanicr I HOF AnFECRBRPosTRee neterial, and thus the
circuit forned on the sem conductor wafer or formation of 10 nmultil ayered
structure ofPRIYEIfERang: srapetrchrrgd iy Bedet npait el. voh SMBEAYEBnduct or
integrated circuit board, after _coppletion of the first polishing step of
polishing céppeYehy é%‘? P t e PbI ‘PgﬁF}ﬁ% ROhpBRHS oP2 ¢ h%sg‘?eéﬁn?OgLS

i nvention as_described above, the second, ol'ifhi ng stig of Bol i shi ng copper
and a barri et PR SRRER TP edPBUtTEY FRRtHRaL {1 BE c3se=ahed edeRen i1t

ort i on P UREO! CRai RYTHIM IR TP SRANGETT | m mat or 18] 20 at A high rempval
il mmaterial ating GUiSPERe PERBUAFSrBrE 55 PRAl CAPCRRABCoRPEPobPEn wil
ot oL PRS0 LT BES VLB 03P Bt e
type of the cushioning material, the removal rate and the
physical properties of the polishing compound such as the
10 viscosity of the slurry. However, the present polishing
compound can provide a high removal rate of copper even
under a low polishing pressure. Accordingly, the present
polishing compound is very useful for polishing of a
semiconductor integrated circuit board in which copper
15 embedded wirings are formed in an insulating film made of
an organic material or an organic/inorganic composite
material having a low dielectric constant (e.g. relative
dielectric constant of from 1.0 to 3.5) by means of a
barrier film made of tantalum or a tantalum compound.
20 This is because an insulating film made of an organic
material or an organic/inorganic composite material has
low strength as compared with an insulating film made of
an inorganic material such as Si0O;, and the insulating
film may be peeled from the board when polished under a
25 high polishing pressure, and accordingly it is polished

preferably under a low polishing pressure.

In such a case, the polishing pressure is preferably



25 stage step. After conpletion of the second polishing step by CW,

usual |y the sem conductor integrated circuit board 21 is adequately washed
with running water and dried. Utrasonic cleaning is carried out in many
cases. Now, the present invention will be explained in further detail with
reference to Exanples of the present 5 invention (Exanples 1, 2 and 4) and
Conpar ati ve Exanples (Exanples 3, 5 and 6) . However, the present invention
is by no neans restricted thereto. (objest to be polished) (Bl anket
wafers) 10 (1) Wafer for evaluating renoval rate of copper bgt\gri ng net al
filn): B-inchEQ@fBr 7hdar dhaviglQ Fas0@3hi ciiegd Yok redpa Rlepddided
thereon by plati ng {2) Wafer for evaluating repoval rate of tantalum
(barrier filf)258IPncdP vafBrlboded ahl BR20BOhKFRRREKPTESSEES| AFer deposit ed
t her eon by ﬁgutteri ng (Patterned wafer)_ An 8-inch wafer (trade pamne:
831CMPOOO, nad¥Shy Rt &r AAEP orkft - AT AR IRCF HhthPR 1 ne
pattern with a line_density of_ 50% and li_ne.wi dth, of 50 20 on an

i nsul ati ng fPPRREBFed2BH énbsﬁﬁd?tﬁsrnﬁﬁﬁda 55 Lhm'BhPéRPTh Fg§ar by

sputtering o he Line-pattern- forned insulating fil and further formn
tE\er eon a';g 1g0éxﬁpn t]?ﬁ"cp B er S B Pat i hgC ggclc‘ﬂlb 95'Usi ng a )

pol i shing COBB?%QHiHSYiQQ ghgogggﬁigkggga%ilm may be peeled off due
to the insulating film made of an inorganic material or
an organic/inorganic composite material, and thus the
circuit formed on the semiconductor wafer or formation of
10 multilayered structure of circuits after polishing may be
impaired.

On a semiconductor integrated circuit board, after
completion of the first polishing step of polishing
copper by using the polishing compound of the present

15 invention as described above, the second polishing step
of polishing copper and a barrier film is carried out.
Further, in a case where the first polishing step
consists of a first stage step of removing copper up to a
portion in the vicinity of the insulating film material

20 at a high removal rate and a second stage step of
polishing the surface of the insulating film material at
a different removal rate so that dishing or erosion will
not occur, a particularly high effect will be obtained
when the present polishing compound is used in the first

25 stage step.

After completion of the second polishing step by

CMP, usually the semiconductor integrated circuit board



shown in Table 1, polishing was carried out on a wafer for evaluating
renoval rate of copper and the patterned 22 wafer. The nunerals in Table 1
" represent the proportion by nmass of the respective conponents to the total
mass of the polishing conpound, and the unit is % The polishing conditions
were as described below, 5 and the renoval rate when the wafer for
evaluating renoval rate of copper was polished with each polishing
conmpound, was neasured by using a filmtHIkness neasuring apparatus
(RT80- RG0, manufactured by Napson, 6 Corporation) Further, with respect to
pol i shi ng ofl¥h%d?%uﬁé?%érﬁéﬂhﬂﬁf@Fthngﬁﬂh@gaWaéeﬁoéﬂﬁl@ﬁlﬂﬁth the |ine
w dth of 50 gm was neasured by using a profilonmeter (Dektak V200Si
manuf act ur ed %9r%%%ﬁbclﬁ§?ﬁﬁh%ﬁté§ c?ﬁéle@egﬁFténa?%n¥h6%ﬁeﬁn Table 2. In
Table 2, the unit of the renoval rate is nninlnb and the un|t of dishing is
1-5 nm (PoI|shlH@WCOHH?tP6ﬁ§?nPoPP¥ﬁPﬁ@°ﬁaUHﬂﬁe ePSFP%ﬁFHS m&&hi ne 6EC
manuf act ured_by Strasbau 9 Pol shl?g | G-1000 g ﬂgved (manuf actured by
20 Rodel , |n£u¥ BBFi €RFA c%ﬁﬁ uh8 GEBF? BADERETP 268 At/ hPR pf@ﬁ??Espondlng
to 0.082 nl/(m nxc % E glng ge ngnut Pollshkng pressu 1. 7X104
pa 25 Nurmber TBYSPEVB!uf FEALP ?Sp8r| #H9 B dan GOMPBbAFve %Fﬂ?ﬂ& Borti on)
97 rpm plat?ﬁx&%élégng, 5 and 6). However, the present invention is
by no means restricted thereto.
(Object to be polished)
(Blanket wafers)
10 (1) Wafer for evaluating removal rate of copper
(wiring metal film): 8-inch wafer board having a 1,500 nm
thick Cu layer deposited thereon by plating
(2) Wafer for evaluating removal rate of tantalum
(barrier film): 8-inch wafer board and a 200 nm thick Ta
15 layer deposited thereon by sputtering
(Patterned wafer)
An 8-inch wafer (trade name: 831CMP000, made by
International SEMATECH) fabricated by forming a line
pattern with a line density of 50% and a line width of 50
20 um on an insulating film formed on a board, forming a 25
nm thick Ta layer by sputtering on the line-pattern-
formed insulating film, and further forming thereon a
1500 nm thick Cu layer by plating.
EXAMPLES 1 to 3
25 Using a polishing compound having a composition as

shown in Table 1, polishing was carried out on a wafer

for evaluating removal rate of copper and the patterned



23 EXAMPLES 4 to 6 Using each polishing conpound having a conposition as
shown in Table 1, polishing was carried out on the patterned wafer. In

" Exanples 4 and 5, polishing was 5 carried out also on the wafer for

eval uating renoval rate of copper, and in Exanples 4 and 6, polishing was
carried out also on the wafer for evaluating renoval rate of tantalum and
the renoval rate of copper and the renoval rate of tantalum were conpared.
10 The polishing conditions were as descrazded below, and the renoval rates
when the wafer for evaluating renoval rate of copper and the wafer for

eval uating vefdval The ewiexalk dlluakie hdlsxirePVertdierssepeat b9 using a
filmthickness neasuring apparatus (tencor RS-75 15 nmanufactured by

KLA- Tencor Goyp®aasi f) theFresheetivipt pompespets £0 the perashmagsoPLthe
patterned wafer, dishing at a position with the [ine width of 50 jimwas
neasured bythsi Rglaspibgi Feomeeerd(t epdoFhpRM1bOfrafuf act ured by

KLA- Tencor Corporation) The results are shown in Table_  2Q 2. _(Polishing
condi tions) Pol i ShPngorachiiRE: CPBALEAPRE WBERI A8 NPFFAibREntEaSWur ed by
Applied Materials, Inc. Polishing pad: |C 1000 K-G oove manuf act ured by

25 Rodel ,5 | n@?? =5 Eﬁﬁ“ﬂ‘é%oﬁﬁ%nﬂg%ﬁpﬁl? ‘é’lﬁg‘ﬁﬁt £0508VALLAT A (cor r espondi ng

to 0.099 NL/%ghgég %ggezgf copper was polished with each polishing

compound, was measured by using a film thickness
measuring apparatus (RT80-RG80, manufactured by Napson
Corporation). Further, with respect to polishing of the
10 patterned wafer, dishing at a position with the line
width of 50 um was measured by using a profilometer
{Dektak Vv200Si manufactured by Veeco Instruments). The
results are shown in Table 2. In Table 2, the unit of
the removal rate is nm/min, and the unit of dishing is
15 nm.
{Polishing conditions)
Polishing machine: Polishing machine 6EC
manufactured by Strasbaugh
Polishing pad: IC-1000 K-Grooved (manufactured by
20 Rodel, Inc.)
Polishing compound supply amount: 200 mL/min
(corresponding to 0.082 mL/ (minxcm?))
Polishing time: 1 minute
Polishing pressure: 1.7x10? Pa
25 Number of revolutions of polishing pad: Head (board

holding portion) 97 rpm, platen 103 rpm



Polishing tinme: 1 mnute Polishing pressure: 0.7x104 Pa Nunber of
revol utions of polishing pad: Head 137 rpm platen 143 rpm 5 EXAMPLES 7 and
- 8 Using each polishing conpound having a conposition as shown in Table 1,
polishing was carried out on the wafer for evaluating renoval rate of
copper and the wafer for evaluating renoval rate of tantalumin the same 10
manner as in Exanple 4. Polishing was carried out in the sane manner as in
Exanpl e 4 except that the polishing conm@und supply anmount was changed to
100 nL/m n. The results are shown in Table 2. 25 CC)C) LnLnLn~i--ili
m0~nCDOO! i Q EXAMPEEBOE) HPi 6~- 4r-- LnLnLnCD1~1md1 nC~ncq” O(n
r-cli NCD~o-1-w nD) CDLalLn NCDC),C%QCDCch41 ~4~0 o
Using each polishing compound having a composition
as shown in Table 1, polishing was carried out on the
patterned wafer. In Examples 4 and 5, polishing was
5 carried out also on the wafer for evaluating removal rate
of copper, and in Examples 4 and 6, polishing was carried
out also on the wafer for evaluating removal rate of
tantalum, and the removal rate of copper and the removal
rate of tantalum were compared.
10 The polishing conditions were as described below,
and the removal rates when the wafer for evaluating
removal rate of copper and the wafer for evaluating
removal rate of tantalum were polished were measured by
using a film thickness measuring apparatus (tencor RS-75
15 manufactured by KLA-Tencor Corporation). Further, with
respect to the polishing of the patterned wafer, dishing
at a position with the line width of 50 um was measured
by using a profilometer (tencor HRP-100 manufactured by
KLA-Tencor Corporation). The results are shown in Table
20 2.
(Polishing conditions)
Polishing machine: Polishing machine Mirra
manufactured by Applied Materials, Inc.
Polishing pad: IC-1000 K-Grooved (manufactured by
25 Rodel, Inc.)

Polishing compound supply amount: 200 mL/min

(corresponding to 0.099 mL/(minxcm?))



Ln 1-Ln0~ I-co x CDCDnCDcqli ~41.0 mr-Cl4cl qcl ~OmWrl-nmD~0Ln NC) C) 0C) CD- W
~4~0, Ln4l |-coC voULn Q cqCDLICDC)nC)Njj ~4~0 Ncq' Tnm~l ~j a)0)C) ~onmQ

ULn cqC-cq~4 1|--cqcqldinm4A-) nC)~orn(1l) LoLn OCNC)O(Dcg-W~4~.0 rch5 .Ho
u-Hro

24

Polishing time: 1 minute
Polishing pressure: 0.7x10% pa
Number of revolutions of polishing pad: Head 137
rpm, platen 143 rpm
5 EXAMPLES 7 and 8
Using each polishing compound having a composition
as shown in Table 1, polishing was carried out on the
wafer for evaluating removal rate of copper and the wafer
for evaluating removal rate of tantalum in the same
10 manner as in Example 4. Polishing was carried out in the
same manner as in Example 4 except that the polishing
compound supply amount was changed to 100 mL/min. The

results are shown in Table 2.
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INDUSTRIAL APPLICABILITY
According to the present invention, the copper

wiring on the surface of a semiconductor integrated
circuit board can be polished at a high removal rate

5 while suppressing formation of scars as defects in a
polishing step. Particularly in a first polishing step
of polishing copper wirings having a film made of
tantalum or a tantalum compound as a barrier film,
excellent selectivity will be obtained, dishing and

10 erosion due to polishing are less likely to occur, and an
extremely high precision flat surface of a semiconductor
integrated circuit board can be obtained.

Further, according to the present invention, a high

removal rate and high selectivity can be obtained even

15 under a low polishing pressure in a step of polishing the
surface of a semiconductor integrated circuilt board, and
accordingly problems such as peeling of an insulating
film are less likely to arise even when a film made of a
low-k material having a low dielectric constant, such as

20 an organic material or an organic/inorganic composite

material is used as an insulating film.



A" 0Z UE~l ~ 26 | NDUSTRI AL APPLI CABI LI TY According to the present invention,
the gopper wring on the surface of a sem conductor integrated
" board can be polished at a high renoval rate 5 while suppressing
of, scars as defects in a polishing step. Particularly in a first polishing

step

of polishing copper wirings having a film nmade of

tantal um conpound as a barrier film excellent selectivity wll
obt ai ned, di shing and 10 erosion due to Bdlishing are less likely to occur,

and an

extrenely high precision flat surface of a sem conductor

circuit
formati on

tantalumor a

be

i nt egrated

circuit board can be obtained. FurtherSME€ording to the present invention
renoval rate_and high selectivity %%n_be obt ai ned even 15 under a

a high

| ow pol i shi ng-pr &s&Grle SMTE SCEFOGFDIITSK

giche TS

such as

a

sem conductor inteqrated circuit board, . an accor, di ngl roQlens

el Lot RonnEhihg! Y & ERR ke Rk e r TR AP b el 6 B 111

made of a lowk materi havi.ng | ow di el ectric constant, such as 20 an
B ShyaniEl Pndrdan® cofifodFl

organi ¢ mat efFPAP°BF™

ani ) 8RB0

éan#

material is used as an

insulating fi|ﬁ1(%3 A fggq§e %ra@n%olishing conpound for chem cal mechanica
(B) agueous medium
(C) tartaric acid
(D) trishydroxymethylaminomethane
(E) at least one member selected from the group
10 consisting of malonic acid and maleic acid.
2. The polishing compound according to Claim 1, wherein

the component (C) is contained in an amount of from 0.01

to 10 mass%, the component (D) is contained in an amount

of from 0.01 to 10 mass% and the component (E) is

15 contained in an amount of from 0.01 to 10 mass$%, to the

total mass of the polishing compound.
3. The polishing compound according to Claim 1 or 2,
which further contains a compound of the formula 1

(S

Formula 1

=7

~
N

20 wherein R is a hydrogen atom, a C;.4 alkyl group, a Ci-s

alkoxy group or a carboxylic acid group.

4. The polishing compound according to any one of

Claims 1 to 3, which further contains an oxidizing agent

in an amount of from 0.1 to 10 mass%.



pol i shing of a substrate, which conprises the followi ng components (A)),

(B), (O, (D and (E): 5 (A abrasive grains (B) aqueous nedium (C
“tartaric acid (D) trishydroxynet hyl am nonet hane (E) at | east one nenber
selected fromthe group 10 consisting of malonic acid and maleic acid. 2.
The polishing conmpound according to Claim1, wherein the conmponent (C) is
contained in an anount of from0.01 to 10 nmass% the conponent (D) is
contained in an amount of fromO0.01 to 29 mass% and t he conponent (E) is 15
contained in_an amount _of from0.01 tQ 10 mass% to the total mass of the
pol i shi ng corpouRBie BOlTRB1PEI FSRPAYREoRPEAREIRECEPARARY PBSCPAi m 1 or 2,

whi ch further_contains a conpound_of the formula 1 Fornula, 1l 20 wherein Ris
a hydrogen atbdi™s €152 4t kyhigh ofipr tREE1CANEAIREXxFYPBLUP 6F &Rcar boxylic
acid group. 4. The | Lshin oupnd according to any one of Clainms 1 to
3, which fur"t‘fﬁ%‘ﬁn‘&oggafﬁ%ma&'@ging‘i’z&nﬁ BYBAT- in an amount of fromO0.1 to 10
mass% 28 5, The poli ihlﬁﬂg conpound gccordi gg to_any one of Clains 1 to 4,
whi ch furthef - conbgi RSLARRORFaCPRPEHNaREERF I6PYf FBPBY05"F0%8. 4 mass. 6.
The polishing. conpoyund according.to_any one of 5 ( ai 1 to 5 wherein the
substrate isgjnﬁ ”gor té%p%ErWhel?‘.glﬁ’htéhf)of’ilgﬁﬁ%t%o?‘rf)olﬂ%%ea8%o?8?ﬂ§rto Claim

5, wherein 7. The polishing compound according to Claim 5, wherein
the board is a semiconductor integrated circuit board
comprising an insulating film, copper embedded wirings
formed in the insulating film, and a barrier film made of

10 tantalum or a tantalum compound disposed between the
insulating film and copper.
8. A process for producing a semiconductor integrated
circuit board, which comprises forming an insulating film
on a wafer and forming copper embedded wirings in the
15 insulating film by means of a barrier film made of
tantalum or a tantalum compound, characterized by having
steps of bringing the surface of the wafer into contact
with a polishing pad, supplying a polishing compound for
chemical mechanical polishing comprising the following
20 components (A), (B), (C), (D) and (E) to a space between
the board and the polishing pad, and polishing copper
formed on the surface of the wafer:
(A) abrasive grains
(B) agqueous medium
25 (C) tartaric acid
(D) trishydroxymethylaminomethane

(E) at least one member selected from the group



t.He board is a sem conductor integrated circuit board conprising an

i nsul,ating film copper enbedded wirings formed in the insulating film and
“a barrier filmmde of 10 tantalum or a tantal um conmpound di sposed between
tRe insulating filmand copper. 8. A process for producing a sem conductor
integrated circuit board, which conprises formng an insulating film on a
waf er and form ng copper enbedded wirings in the 15 insulating filmby neans
of a barrier filmnade of tantalum or a2fantal um conpound, characterized by
having steps of bringing the surface of the wafer into contact wth a

pol i shing pa@onsSipplyngt ampoPshi AGLEoAPOURALEEF 2€heni cal mechani cal
pol i shing conprising the follow ng 20 ¢conponents (A), gB),,(Cb, (D) .and (E)
to a space bétweéRe PKECB§&r §°anBIPRECHBRI hPREIFIBIUERA poFitERIRG SEopper
formed on the surface of the wafer: (A) abrasive grains B) aqueous nedi um
25 (CO) tartaftEcatrdPpeydt pFSAyArBRyRet hyPaHi Ron¥ ﬁﬁﬁén(EBg‘eaFOWEQE‘FHBne
menber selected fromthe,grqup 29 consisting_of malonic acid and naleic
acid. 9. The(%}oh%sgo?B?lg?gdbEiﬂ@ %mggﬂFcﬁngE?%roiﬁ%eb?ai@dmaéﬁfcuit boar d
according to_Claim8, whereipn the conponent, (C) is contained in_an_anount

of from 0. 01°F6 T6VREBE% &0I niS cERPOROREC(EF 18 BBALRFNGA FACENCafdunt of
from0.01 to 10 mass% and .t conponent  ( is contained.in_an
om0 01 to 30 hrBassb, goanBhr oPaNoHAgSE ot pos Sohfalfta’ fn%n

amount of from 0.01 to 10 mass%, to the total mass of the

anount of

polishing compound.

10. The process for producing a semiconductor integrated
10 circuilt board according to Claim 8 or 9, wherein the

polishing compound further contains a compound of the

formula 1:
R\@

wherein R is a hydrogen atom, a Ci-4 alkyl group, a Ci.g

Formula 1

N
|

_~N
N

15 alkoxy group or a carboxylic acid group.

11. The process for producing a semiconductor integrated
circuit board according to any one of Claims 8 to 10,
wherein the polishing compound further contains an
oxidizing agent in an amount of from 0.1 to 10 mass%.

20 12. The process for producing a semiconductor integrated
circuit board according to any one of Claims 8 to 11,
wherein the polishing compound further contalins ammonia
in an amount of from 0.05 to 0.4 mass%.

13. The process for producing a semiconductor integrated



Rol i shing conpound. 10. The process for producing a seniconductor integrated
10 circuit board according to Caim8 or 9, wherein the polishing conpound
further contains a conpound of the fornmula 1: Fornula 1 wherein Ris a
hydrogen atom a Cl_4 alkyl group, a C1_4 15 al koxy group or a carboxylic
acid group. 11. The process for producing a sem conductor integrated

circuit board according to any one of Clains 8 to 10, wherein the polishing
conmpound further contains an oxidizing3dgent in an anmount of fromO0.1 to 10
mass% 20 12. The process for producing a sem conductor integrated circuit
board accor dilrgutid dnprshewfordigiosg any ne athdileims He tpolishi ng
conpound further contains ammonia in an anmount of fromO0.05 to 0.4 nmass%
13. The proodssefigry theodus g tel nee i idah difc terds mfegirat@Padoic circuit board
according to any one of Clains 8 to 12, wherein the insulating filmis nade
of an or ganfeteFdrdr iodl a8t HYABHGHHIILIRHgam W RHgesiat ekl i al  having a

| ow dielectric constant. 5
having a low dielectric constant.



