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1 DESCRI PTI ON POLI SHI NG COMPOUND FOR COPPER W RI NGS AND METHOD FOR
POLI SHI NG SURFACE OF SEM CONDUCTOR | NTEGRATED CIRCUI T 5 TECHNI CAL FI ELD
The present invention relates to a polishing conpound for copper wrings
and a technique to polish a surface of a sem conductor integrated circuit
by using 10 such a polishing conmpound. BACKGROUND ART In recent years, in
response to increasing needs for high integration of sem conductor
integrated circuits, is various m gEgdratyieati on techni ques have been
devel oped such as mniaturization of sem conductor elenents, nulti-

| ayering of wirings, etc. Miulti-layering of wirings is neant for form ng by

nmeans of e.g. lithography a new circuit on a surface 20 having a circuit
al ready formed. pof.1SMEN@NOEEBOUND PFEREOOPDAR! HERSNGEag®RDOMErHED! gorr | ayer
circuit, the corresponding unevenness will appear also on the surface on

whi ch a new ci PONISHING @URe Ao roed sEMI GONDUGE R UNTEGRATED defrdunf f ocus
in lithography, whereby it will be 25 difficult to forma wiring as

desi gned.sAccordingly, in designing of sem conductor integrated circuits
inrecent years, it is required to planarize the circuit-formed 2 surface

W th an extr eEeHNIKagh FIEEC sion in order to

The present invention relates to a polishing
compound for copper wirings and a technique to polish a
surface of a semiconductor integrated circuit by using

10 such a polishing compound.

BACKGROUND ART
In recent years, in response to increasing needs for
high integration of semiconductor integrated circuits,

15 various micro-fabrication techniques have been developed
such as miniaturization of semiconductor elements, multi-
layering of wirings, etc.

Multi-layering of wirings is meant for forming by
means of e.g. lithography a new circuit on a surface

20 having a circuit already formed. If unevenness is
present on the surface of the lower layer circuit, the
corresponding unevenness will appear also on the surface
on which a new circuit is to be formed and will be out of
the depth of focus in lithography, whereby it will be

25 difficult to form a wiring as designed. Accordingly, in
designing of semiconductor integrated circuits in recent

years, it is required to planarize the circuit-formed
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present no influence over the flatness of the surface of the |ayer to be
formed thereon. For exanple, in a Damascene nethod to forma wiring s for a
circuit sinmultaneously at the tine of planarization of the circuit-forned
surface, a trench pattern for the wring is formed on an objective surface
of a sem conductor integrated circuit dew ce, and a netal having a | ow
specific resistance such as alumnumor 10 netallic copper to formthe

wiring is foeupdaas %@%d@%dex‘t'}e%ié%’ qtutgr}ferg%um%melt@loﬂcfexf igestly formed
inthe formof a filmon the surfacé by a plating nethod or a sputtering

net hod, and pRecBRAY €@S8HifI1%eelkea Fidrmie Meldnzhed ¥y wahenwaladediani cal
polishing (hereinafter is referred to as CWP) to renove the metal except

for the wricpe pafthomrd Ber ey ft®ldhednM ring corresponding to the
trench. At that time, planarization of the polished surface is

si mul taneously caidy ega@ifile, The fd aidiesscdie thdhdpl & heshs u faceing
inportant 20 in order to present no influence over the flatness of the

surface of tlieruppetricayer siand teMRduss 19N dtpord afiime (& plidtierization
i ndi spensabl e for preparing highly integrated sem conductor integrated
circuits. Howgvehe GVRciud tkiosmed dwenfadar,ol emeriah mdnmedor 2thesuch as
a phenonenon so-called dishing wherein the wiring portion is renoved to be
| ower than tkerihgndsi fedmesuchace, cbjsenoresuy fsaecalfl ed er osi on wherein,
along 3 wth high densification of nmetal wirings, a plurality of
semiconductor integrated circuit device, and a metal
having a low specific resistance such as aluminum or
10 metallic copper to form the wiring is formed as embedded
in such a trench. The metal is firstly formed in the
form of a film on the surface by a plating method or a
sputtering method, and in many cases, such a film is
polished by chemical mechanical polishing (hereinafter
15 referred to as CMP) to remove the metal except for the
wiring portion thereby to form a wiring corresponding to
the trench. At that time, planarization of the polished
surface is simultaneously carried out.
The flatness of this polished surface is important
20 1in order to present no influence over the flatness of the
surface of the upper layer, and CMP is an important
technique indispensable for preparing highly integrated
semiconductor integrated circuits.
However, CMP is known to have problems to be solved,
25 such as a phenomenon so-called dishing wherein the wiring

portion is removed to be lower than the planarized

surface, a phenomenon so-called erosion wherein, along
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cl osely disposed wirings are scraped off together with a neighboring
material such as an insulating material, etc. Wth respect to dishing and
erosion, many neans for 5 solution have been proposed (e.g. Patent Docunent
1), but they have not been fully satisfactory. Patent Docunment 1:

JP- A- 2002- 176015 (O ai nms, Paragraphs 0002-0017) 10 D SCLOSURE OF THE

| NVENTI ON OBJECTS TO BE ACCOWPLI SHED BY THE I NVENTION It is an object of

the present iAvenhiigh Wenklrveatlibe 20V tRnoklienhand & @IRHAVIAS, &
technique for realizing high-precision surface planarization when is

copper is usedcgeld Wilkipdgedhalri ndsh@irORicGie A £ MRIGdthed! Wiftenh R esent
invention wll be apparent fromthe follow ng description. MEANS TO

ACCOVPLI SH THE iGBHeeTag? haleriradilmenichl a@f arhe nnAsAfiing Metiidien prepd des a
pol i shi ng conpound for copper wirings, which conprises water; a peroxide
oxi di zer; a suthagespeeietid M8 sagert anfdolereRiRe!, niny eRSnOF>A i r st

chel ati ng agent selected fromthe group consisting of tartaric acid,

mal oni ¢ agi dsodatien Gadel theetl Priopoaeid, (a1y .eira taeitd Doawalar: aoi d aid
fumari c acid; and at | east one second chel ating agent selected fromthe
group consi sthey bfavé noti ekleyl dmatigt rsandineg acatdryt.enedi ani nedi acetic acid
et hyl enedi am netetraacetic acid, tetraethyl enepentam ne,

gl ycol - et her - di arBatetret Maaoetdrt dci PAA-@M32; 1276015 (Claims,

Paragraphs 0002-0017)

10 DISCLOSURE OF THE INVENTION
OBJECTS TO BE ACCOMPLISHED BY THE INVENTION
It is an object of the present invention to solve
the above problems and to provide a technique for
realizing high-precision surface planarization when
15 copper is used as a wiring metal. Other objects and
merits of the present invention will be apparent from the

following description.

MEANS TO ACCOMPLISH THE OBJECTS

20 Embodiment 1 of the present invention provides a
polishing compound for copper wirings, which comprises
water; a peroxide oxidizer; a surface protective agent
for copper; at least one first chelating agent selected
from the group consisting of tartaric acid, malonic acid,

25 malic acid, citric acid, maleic acid, oxalic acid and
fumaric acid; and at least one second chelating agent

selected from the group consisting of
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cycl ohexanedi am net etraacetic acid, o-phenanthroline, and s derivatives and
salts thereof. Enbodi nent 2 provides a polishing conpound for copper

Wi rings, which conprises water; a peroxide oxidizer; a surface protective
agent for copper; a chelating agent A having a stability constant of from
2 10 to 9 as a copper conplex; and a chelating agent B having a stability
constant of at l|least 10 as a copper conplex. Enbodinent 3 provides the

pol i shing corpawhthyflehetepRemiNe, i RN ACHITIAM riedl Eadidepdid, which
contains fromO0.2 to 20 nass% of the peroxide oxidizer, from0.001 is to

1 mass% of t ke hsikhaecH sprielceeitineg crgart afcdrid ,cariatae fiyontbderttandihdmass % of
the first chelating agent, and from0.01 to 2 nass% of the second

chel ati ng agetycolEmiddinvelilard nptetidesddie palidhingroompamnd for copper

Wi rings according to Enbodiment 1 or 3, wherein 20 the conpositional ratio
(the mass r atdye)l dbfexiaine dfiafdne tehelaaidetd cagenitd t @ tgteersacdinb Iohred atdmd
agent is within a range of from2/1 to 100/1. Enbodi nent 5 provides the
pol i shi ngs corjeauvé tfisres Gopperalws ithgxeadcor di ng t o Enbodi nent 2, which
contains 25 from0.2 to 20 mass% of the peroxide oxidizer, fromO0.001 to 1
mass% of the surfEdedimErgctd eragieids forpcopgeing dompo@nd for 10 nass% of

the chelating agent A, and from5 0.01 to 2 mass% of the chel ati ng agent
B. Enbodi mentca®ppsowidesidshe whdldhs iqnprcicresowedt fior a qugpperideé ri ngs
according to Enbodinment 2 or 5, wherein
oxidizer; a surface protective agent for copper; a
chelating agent A having a stability constant of from 2
10 to 9 as a copper complex; and a chelating agent B having
a stability constant of at least 10 as a copper complex.
Embodiment 3 provides the polishing compound for
copper wirings according to Embodiment 1, which contains
from 0.2 to 20 mass% of the peroxide oxidizer, from 0.001
15 to 1 mass% of the surface protective agent for copper,
from 0.1 to 10 mass% of the first chelating agent, and
from 0.01 to 2 mass% of the second chelating agent.
Embodiment 4 provides the polishing compound for
copper wirings according to Embodiment 1 or 3, wherein
20 the compositional ratio (the mass ratio) of the first
chelating agent to the second chelating agent is within a
range of from 2/1 to 100/1.
Embodiment 5 provides the polishing compound for
copper wirings according to Embodiment 2, which contains
25 from 0.2 to 20 mass% of the peroxide oxidizer, from 0.001

to 1 mass% of the surface protective agent for copper,

from 0.1 to 10 mass% of the chelating agent A, and from



the conpositional ratio (the nmass ratio) of the chelating 5 agent A'to the
" chelating agent Bis within a range of from2/1 to 100/1. Enbodi nent 7
provi des the polishing conpound for copper wrings according to any one of
Enbodi nents 1 to 6, wherein the peroxide oxidizer is hydrogen peroxide. 10
Enbodi nent 8 provides the polishing compound for copper wrings according
to any one of Enbodinents 1 to 7, wherein the surface protective agent for

copper is a ocompednd RawstgoF Faudhelatding heydrarmila (1): N N 15
wherein Ris a hydrogen atom a Cl 4 alkyl group, a Cl.4 al koxy group or a

carboxylic acid gmbgdinefod PriviBee ahelasol heh el | sdmpgutdnmpernd f or
copper wirings according to any one of Enbodinents 1 to 8, which further
cont ai ns abr asippe rparitiielges a0 itedi v rBnbld) juan desot e, pahdsdimg
conpound for copper wirings according to Enbodi nrent 9, wherein the
abr asi ve par ttihed esrpaed taonavderagd pafttie ineashl arsdties) off ttheomieD05ing 0.5
pm and a specific surface area within a 6 range of from30 to 300 n2/g,
and t hei rscorgemnttr & iton the ohlicllatirgy reageger & g omtth01l 4 ardfyerass %
Enbodi nent 11 provides the polishing conmpound for copper wrings according
to any one offrEmb@dilngat $0D/tloc s 10, which further contains
tri s(hydroxynet hyl)am nonet hane in an anmount within a
Embodiment 7 provides the polishing compound for
copper wirings according to any one of Embodiments 1 to
6, wherein the peroxide oxidizer is hydrogen peroxide.
10 Embodiment 8 provides the polishing compound for
copper wirings according to any one of Embodiments 1 to
7, wherein the surface protective agent for copper is a

compound having a structure of the formula (1):

15 wherein R is a hydrogen atom, a Ci.s alkyl group, a Ci,

alkoxy group or a carboxylic acid group.
Embodiment 9 provides the polishing compound for

copper wirings according to any one of Embodiments 1 to
8, which further contains abrasive particles.

20 Embodiment 10 provides the polishing compound for
copper wirings according to Embodiment 9, wherein the
abrasive particles have an average particle diameter of

from 0.005 to 0.5 pm and a specific surface area within a
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range of fromO0.01 to 10 mass% Enbodi ment 12 provi des a nethod for
polishing a surface of a sem conductor integrated circuit, which 10
conprises polishing a copper filmformed on a surface having trenches for
wiring, using the polishing conmpound for copper wirings as defined in any
one of Enbodinents 1 to 11. Enbodi ment 13 provides a process for preparing
as copper wirings for a sem conductor integrated circuit, which conprises

polishing a eapper dfi IfadmEEdOB@ WYL, asadhareng coarehesatebnwiki ng,
usi ng the polishing conpound for copper wirings as defined in any one of
Enbodi nents ¥ithihla trariger mfcEyemt oMol ngs.1 RGadFRECTS OF THE | NVENTI ON
According to the present invention, it is possible to realize high
preci si on surf ac&Enahiaterzatliorpydieide < ofdperpdBi sistty asompowtid nforret al .
Therefore, it is 25 possible to obtain a sem conductor integrated circuit
havi ng an excelppent Iwi rfirgts surdack rgt ate amt forla téff Emlebdimerg sard w8y osi on,
such being very effective for multi 7 layering or mniaturization of
sem condugt o 0i, niwlgrcdt €fohrtdierc Widrsta iBR EF DESCRI PTI ON OF THE DRAW NGS 5
Fig. 1 is a graph showing a rel ation between dishing rate/polishing rate
and the |i ne twidt(hydveXnmiERydn «8¥vBOleS hane in an amount within a
range of from 0.01 to 10 mass%.
Embodiment 12 provides a method for polishing a
surface of a semiconductor integrated circuit, which
10 comprises polishing a copper film formed on a surface
having trenches for wiring, using the polishing compound
for copper wirings as defined in any one of Embodiments 1
to 11.
Embodiment 13 provides a process for preparing
15 copper wirings for a semiconductor integrated circuit,
which comprises polishing a copper film formed on a
surface having trenches for wiring, using the polishing
compound for copper wirings as defined in any one of
Embodiments 1 to 11, to form copper wirings.
20
EFFECTS OF THE INVENTION
According to the present invention, it is possible
to realize high precision surface planarization when
copper is used as a wiring metal. Therefore, it is
25 possible to obtain a semiconductor integrated circuit

having an excellently flat surface state with little

dishing and erosion, such being very effective for multi-
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1: Data of Exanple 1 2: Data of Exanple 2 10 BEST MODE FOR CARRYI NG OQUT
" THE | NVENTI ON Now, enbodi nents of the present invention will be described
with reference to formul ae, Exanples, etc. However, it should be
understood that these fornulae, 15 Exanples, etc. and description are to
exenplify the present invention and by nor neans intended to limt the
scope of the present invention. It is needless to say that other

enbodi ment s Wdyerdlngp eldng dtid i siape Ofsed@mhasest imventdoagso | ong
as they agree to the 20 concept of the present invention. The polishing
conpound for iappartaM rings of the present invention conprises the
follow ng conponents: (1) water; (2) a peroxide oxidizer; 25 (3) a surface
protective agent for copper; (4) a chelating agent having a weak
coordination power; and S (5) a chelating agent having a strong
coor di nat i on BRIBEMESHRI FIIoN iaf THE torAyENdShi ng conpound of the present
invention will be described with reference to a 5 case of polishing a
copper fibm on a Buyf aceidavidgupph esicdresng ot wetatnfjowfbatseancdbdhchgr
integrated circuit. In the follow ng, the polishing conpound of the
rate/polishing rate and the line width.
MEANINGS OF SYMBOLS
1: Data of Example 1
2: Data of Example 2
10
BEST MODE FOR CARRYING OUT THE INVENTION
Now, embodiments of the present invention will be
described with reference to formulae, Examples, etc.
However, it should be understood that these formulae,
15 Examples, etc. and description are to exemplify the
present invention and by no means intended to limit the
scope of the present invention. It is needless to say
that other embodiments will also belong to the scope of
the present invention so long as they agree to the
20 concept of the present invention.
The polishing compound for copper wirings of the
present invention comprises the following components:
(1) water;
(2) a peroxide oxidizer;
25 (3) a surface protective agent for copper;

(4) a chelating agent having a weak coordination

power; and
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present invention will be described primarily with respect to a case where
it is applied to a sem conductor io integrated circuit device having copper
wirings, as a particularly preferred application. However, it is needless
to say that the polishing conposition of the present invention is useful
also in other cases so long as it is usedsfor polishing copper wirings. is
A peroxi de havi ng an oxygen-oxygen bond exhibits a strong oxidi zi ng power
when the oxygen-oxypgea &palatdngdh§SHEI BAeEInhyaaBteshgr sabranghgyosuch as

heat or light to generate radicals, and thus, it is wdely used as an
oxi di zi ng agesdweiSuch a peroxi de oxidizer may, for 20 exanple, be an
i norgani ¢ peroxi de such as hydrogen peroxide, a persulfate, sodium
peroxi de, a peroxheaftmoaien af pehexpsuighirgotomappandxophoaphate, or an
organi ¢ peroxi de such as benzoyl peroxide, t-butyl hydroperoxide, cunene
hydr oper oxi deprekérsto pi oy thismz enel R Sodydke opeiloxd dejitperédenencactd ar
peracetic acid. Such a peroxide is also known to react with a reducing
agent such ascasd rahpdlorhing a4 coppounfiio &n aapudfiycéohaviadi cal s, and
as such a typical reaction, a Fenton reaction represented by the foll ow ng
formul ae i s wetnckewwior 2CRing ¢P02 semP@urducel inB2gr&ued+ H202 -- OH
+ OH + CQu2+ 5 Wen, for exanple, a copper filmon a surface of a
sem conduct orciygwl at ddbv dibvec diotl Ueantingy  thhengdvesi floing compound of the
present invention will be described primarily with
respect to a case where it is applied to a semiconductor

10 integrated circuit device having copper wirings, as a
particularly preferred application. However, it is
needless to say that the polishing composition of the
present invention is useful also in other cases so long
as it is used for polishing copper wirings.

15 A peroxide having an oxygen-oxygen bond exhibits a
strong oxidizing power when the oxygen-oxygen bond is
dissociated by an external energy such as heat or light
to generate radicals, and thus, it is widely used as an
oxidizing agent. Such a peroxide oxidizer may, for

20 example, be an inorganic peroxide such as hydrogen
peroxide, a persulfate, sodium peroxide, a
peroxocarbonate, a peroxosulfate or a peroxophosphate, or
an organic peroxide such as benzoyl peroxide, t-butyl
hydroperoxide, cumene hydroperoxide, diisopropylbenzene

25 hydroperoxide, performic acid or peracetic acid.

Such a peroxide is also known to react with a

reducing agent such as a transition metal compound to



W ring,

r adi cal

is polished with an aqueous polishing conpound containing a
" peroxide oxidizer, by the action of the peroxide oxidizer incorporated in
the polishing 10 conposition, radicals will be forned by a reaction
mechanismsimlar to the above nmentioned Fenton reaction and will serve as
a strong oxidizing agent to oxidize and destroy the copper film whereby

polishing will proceed at a high renoval rate (hereinafter such a radica

is form ng reagliiddR iddm hexdiefLry edhid a5 sudtend aypiealitedct e, a

-form ng reaction). However, if polishing continues to proceed by

such a Fent Genteactdeaiz tiyie rathamdnteaal B ngHeatd 1 oswiddief exappeie V4 ri ngs
formed on the surface will also be polished, thus 20 leading to a

phenonenon sowddl-lkemwdi.shi ng and erosi on.
t he present

r adi cal -

W rings have

form ng (ﬂlﬂxlt er o squr for i O f+ radicgds and
suppress the pro s‘é of 1 h!ng of §pb‘er MR 1 05 gt ragdi cy

been formed on the surface, whereby progress of polishing

invention it is possible to suppress the Fenton reaction

Wth the polishing conpound of

type

at the€ tinme when €&opper

of

copper can be prevented w thout excessively polishing the wirings. s Thus,
according to the @' sent |n\ﬁant00n _;yher; |Q?p§ed vwrang nmet al ,

it is possible to eall e hi éh ﬁreC|S|on surface
hi gh renova
W rings.

5

10

15

20

anari zation while a

rate i s mai ntai ned w thout exceSS|ver polishing the copper
Therefore, it is possible to obtain

When, for example, a copper film on a surface of a
semiconductor integrated circuit having trenches for
wiring, 1s polished with an aqueous polishing compound
containing a peroxide oxidizer, by the action of the
peroxide oxidizer incorporated in the polishing
composition, radicals will be formed by a reaction
mechanism similar to the above mentioned Fenton reaction
and will serve as a strong oxidizing agent to oxidize and
destroy the copper film, whereby polishing will proceed
at a high removal rate (hereinafter such a radical-
forming reaction will be referred to as a Fenton
reaction-type radical-forming reaction).

However, if polishing continues to proceed by such a
Fenton reaction type radical-forming reaction, the copper
wirings formed on the surface will also be polished, thus
leading to a phenomenon so-called dishing and erosion.

With the polishing compound of the present
invention, it is possible to suppress the Fenton reaction
type radical-forming reaction thereby to suppress

formation of radicals and suppress the progress of



10 a sem conductor integrated circuit surface having an excellently flat

" surface condition, which is very effective for nulti-Ilayering or

m niaturization of sem conductor integrated circuits. FUNCTI ON OF

CHELATI NG AGENT HAVI NG WVEAK COORDI NATION 15 PONER In order to let the
above Fenton reaction-type radical-form ag reaction proceed effectively,
it is undesirable that copper once freed during the polishing wll again
deposit or prediiptiate.ofThes@iar ext ithd s 26k prlederdé@sbd hari copperhaeas
freed during the polishing be chelated. However, in the Fenton reaction

t ype radi cal Hesrm friymadeant itdiy saopfete f neeskdlyy tpwoduod ¢ s hoHigpo ki ephgyed
to accelerate the polishing, hence it should be avoided that 25 the

chel ati ng be qiff agaged daoo baigrdwersigp |l wi dopperexaeetii velly fool 1 dleifent on
reaction type radical-formng reaction. Therefore, as the chel ating agent
to be used, Ihe onerdrsgpreferred which is capable of supplying copper for
the Fenton reaction type radical-formng reaction required for the

pol i shingsstep, Wihte, copperdingeto byhe tiheepeht shingnbeoshewhend. For this
purpose, in the s present invention, one having a weak coordi nati on power
with copper iaomBper siselsad ek forwiusig Thetahel Bt i by poedibhaviag a weak
coordi nation power to be used in the present invention may, for exanple,
be tartaric zedldzerdiigh orrdikiomlseriade panarizakien while a high

removal rate is maintained without excessively polishing
the copper wirings. Therefore? it is possible to obtain
10 a semiconductor integrated circuit surface having an
excellently flat surface condition, which is very
effective for multi-layering or miniaturization of
semiconductor integrated circuits.
FUNCTION OF CHELATING AGENT HAVING WEAK COORDINATION
15 POWER

In order to let the above Fenton reaction-type
radical-forming reaction proceed effectively, it is
undesirable that copper once freed during the polishing
will again deposit or precipitate. Therefore, it is

20 preferred that copper ions freed during the polishing be
chelated.

However, in the Fenton reaction type radical-forming
reaction, copper freed by the polishing is employed to
accelerate the polishing, hence it should be avoided that

25 the chelating be proceeded too much to supply copper
required for the Fenton reaction type radical-forming

reaction. Therefore, as the chelating agent to be used,



10 maleic acid, fumaric acid, oxalic acid, triethanolam ne, succinic acid,
“glutaric acid, citraconic acid, itaconic acid, glycolic acid, thioglycolic
acid, lactic acid, isocitric acid, gluconic acid, oxalacetic acid,

di gl ycolic acid, thiodiglycolic acid, phthalic acid, 15 salicyl al dehyde,
sarcosine or quinolinecarboxylic acid, adiwell as an am no acid such as

gl yci ne, alanine, p- alanine, valine, |eucine or glycylglycine. Anong them
tartari c aci tbndrel Hnpre Bt Fed Mhich ald deapsblé i 6f asugply@hgi €oppetd, foxal ic
acid, fumaric acid or 20 triethanolamne, or an am no acid such as

gl yci ne, al anite, Fdhtebanidwet vl i thgpe | pAdi O£l of oghyay| geéyethen i s
preferred, and tartaric acid, malonic acid, malic acid, <citric acid,
mal ei ¢ aci d, me@liredcialr orhd el i<hhodg dstesp, MOhel pr edbppeedf rdbésky

chel ating agents may be used alone 25 or in conbination as a m xer of two
or nore of thém pdlislsimyrise deielhtddt Eappearhicoguiiptsdeed i theeh a

chel ati ng agent having a weak coordination power is not 12 firmy

coor di nat ed tmrddmnichobatningprmgeme draving he ¥ealn cobrdivappen powpikex not
conpletely coordinated. It is considered that such a copper conplex wll
provi de copperitlo ¢dppdenioms r ebstsoletypd fadieae- s forming reaction as
being readily freed or as in the coordinated state whereby radicals wll be
generated in thellhel ¢halagisgepgentphavinde a Wegh repwdahatabe povehe

copper film Further, the function of the chelating agent to
to be used in the present invention may, for example, be

tartaric acid, malonic acid, malic acid, citric acid,

10 maleic acid, fumaric acid, oxalic acid, triethanolamine,
succinic acid, glutaric acid, citraconic acid, itaconic
acid, glycolic acid, thioglycolic acid, lactic acid,
isocitric acid, gluconic acid, oxalacetic acid,
diglycolic acid, thiodiglycolic acid, phthalic acid,

15 salicylaldehyde, sarcosine or quinolinecarboxylic acid,
as well as an amino acid such as glycine, alanine, §3-
alanine, wvaline, leucine or glycylglycine.

Among them, tartaric acid, malonic acid, malic acid,
citric acid, maleic acid, oxalic acid, fumaric acid or

20 triethanolamine, or an amino acid such as glycine,
alanine, f-alanine, valine, leucine or glycylglycine, is
preferred, and tartaric acid, malonic acid, malic acid,
citric acid, maleic acid, oxalic acid or fumaric acid is
more preferred. These chelating agents may be used alone

25 or in combination as a mixer of two or more of them.

It is considered that copper coordinated to such a

chelating agent having a weak coordination power is not



10 prevent re-deposition and precipitation on the polished surface of the
" copper freed during the polishing will appear nore effectively in a case
where the polishing conmpound in the polishing environnment is acidic or
when ammonia, tris(hydroxymnethyl)am nomet hane, triethanol am ne 15 or the
like is used for neutralization of the pohbshing conpound. FUNCTI ON OF
CHELATI NG AGENT HAVI NG STRONG COORDI NATI ON  POWAER As the polishing

proceeds, theiphaRAl-deRRRSatdd Md shlQueamvady dhapait ef e cOpRer
Wi rings appears, and copper on the sem conductor Tntegrated circuit

surface willofhe eRippedt ddip Wy ikt RTINSl Neddedpifsent i nvention, "a
copper filn not only neans the above nentioned "planar copper filni but

may nean a case wherfs Zoridid@sedeciaat aucpRetopbél NgompléLrwilin such a
state, if polishing of copper further progresses, dishing and erosion of

the copper wgrddigistielZzopiidd tdedid ,Feraiehye b i | Z@bé oradbdanot be
attained by polishing of the sem conductor integrated circuit surface.

However, bf iflorn8irepysiadata dro suass fdwedi Fenftded eactdaonih yilee
radi cal -form ng reaction at this 5 stage, polishing of the copper wring
surface w || desrdiresedd ed,athertednebt radiposks b ElTI dereventatdd jmogress
of dishing and erosion of the copper wirings. In order to suppress the
Fent on react itdre tpgie shriady celed aravipupvriedeta dnign semdval meannertoithe s
copper film.
Further, the function of the chelating agent to
10 prevent re-deposition and precipitation on the polished
surface of the copper freed during the polishing will
appear more effectively in a case where the polishing
compound in the polishing environment is acidic or when
ammonia, tris(hydroxymethyl)aminomethane, triethanolamine
15 or the like is used for neutralization of the polishing
compound.
FUNCTION OF CHELATING AGENT HAVING STRONG COORDINATION
DPOWER |
As the polishing proceeds, the planar copper film is
20 removed, the pattern of copper wirings appears, and
copper on the semiconductor integrated circuit surface
will be only at the wiring portions. In the present
invention, “a copper film” not only means the above
mentioned “planar copper film” but may mean a case where
25 it has became a copper wiring pattern.

In such a state, if polishing of copper further

progresses, dishing and erosion of the copper wirings



10 conceivable to elimnate or substantially reduce copper to be supplied
to the Fenton reaction-type radical- formng reaction. As a specific neans
for this purpose, it is conceivable to incorporate a chelating agent
having a strong coordinati on power with copper, into the 15 polishing
compound. It is considered that by incorpaBating a chelating agent having
a strong coordi nati on power, copper freed by the polishing my be chel ated
W th a strongigaorigifitd ,0vhe@msf ,p Ml eiya tt 1on ScOSEb | 16 tHt o Bvedtby he
copper from 20 being supplied to the Fenton reaction-type radical formng
reaction therelly gty edferdhegenariaidroducfor vt exwyd tédde Todwit SO that there
w Il be no destruction of copper, and the progress of polishing wll be
prevent ed. 2Buddiase t hHowkekat | 1d dgerts hawisidlae sto eugppreser dhwati on power
to be incorporated to the polishing conpound may be any agent arbitrarily
sel ected for Reseeaas riehctiien-0ages regid aaels- foxomnderedet Hbn ngt ageid s so | ong
as it exhibits a strong coordi nati on power with copper ions in the

pol i shi ngscomtagsd groliistihey pd itdie nopmred roimieny odrfdide wodll shbeéng net hod
of the present invention. 5 The chel ati ng agent having a strong

coor di nat i on pporeeTtadh, béharsdyy it tie pressnte | twartéoent nchedesogfess
exanpl e, imnodiacetic acid (IDA), nitrilotriacetic acid (NTA),

et hyl enedi amafedliadsitnia and e EDRDA) okttye ereripen werinaeet i ¢ aci d,

et hyl enedi am netetraacetic

In order to suppress the Fenton reaction-type

radical-forming reaction in such a manner, it is

10 conceivable to eliminate or substantially reduce copper
to be supplied to the Fenton reaction-type radical-
forming reaction. As a specific means for this purpose,
it 1is conceivable to incorporate a chelating agent having
a strong coordination power with copper, into the

15 polishing compound.

It is considered that by incorporating a chelating
agent having a strong coordination power, copper freed by
the polishing may be chelated with a strong coordination
power, whereby it is possible to prevent the copper from

20 being supplied to the Fenton reaction-type radical-
forming reaction thereby to prevent generation of
hydroxyl radicals, so that there will be no destruction
of copper, and the progress of polishing will be
prevented.

25 Here, the chelating agent having a strong

coordination power to be incorporated to the polishing

compound may be any agent arbitrarily selected for use as



10 acid (EDTA), propyl enedi am neteteraacetic acid (PDTA),

" et hyl enedi am netetrapropionic acid (EDTP), triam notriethylam ne,

et hyl enedi am ne, 1, 2- di am nopropane, 1, 3-di am nopropane, triam nopropane,
di ethylenetriam ne, triethylenetetram ne, 1ls tetraethyl enepentam ne,

pent aet hyl enehexam ne, glycol ether di amiretetraacetic acid (EGTA),
trans-1, 2- cycl ohexanedi am netetraacetic acid (CyDTA),

di et hyl enet ritad nepanteaeet +&s agish (A e Pat ing agents so lon% as it
hydr oxyet hyl et hyl enedi am netri acetic acid (HEDTA?, 0 20 phenanthroli ne,

thiourea, 2, Z-hiipidisyd,stysiei dsordittht idei powleri wathvesppad sehssinAmong
them triethylenetetram ne, ethyl enedi am nedi acetic acid,
et hyl enedi amtted gdsisieing @shsbul@tsneihyt ieaepedi aRing, engl yenhert her
di am netetraacetic acid, trans-1,2 25 cycl ohexanedi am netetraacetic acid,
0- phenant hr oltihee,palri shived rmetetiod abf Vielse qprédent salvéstaor. preferred. They
may be used alone or in conbination as a mxture of two or 15 nore of
t hem FUNGTI ON OFTHE&ECKENVBt NAG | &0 Kl A | AGe AGENG HAN L Nitn aYWEAK
COORDI NATI ON POANER AND CHELATI NG AGENT HAVI NG STRONG COORDI NATI ON PONER s
As descri bed mhove, tafbherusdd toppes presagt pattenniohasnappéasedfothe
function of the chel ating agent having a strong coordination power wll be
i nportant, amkamele fucinoniatethe adedatIby) agentrhadotngaaeteakacid
coordi nati on power is not required. However, in
(NTA), ethylenediaminediacetic acid (EDDA),
ethylenediaminetriacetic acid, ethylenediaminetetraacetic
10 acid (EDTA), propylenediamineteteraacetic acid (PDTA),
ethylenediaminetetrapropionic acid (EDTP),
triaminotriethylamine, ethylenediamine, 1,2-
diaminopropane, 1,3-diaminopropane, triaminopropane,
diethylenetriamine, triethylenetetramine,
15 tetraethylenepentamine, pentaethylenehexamine, glycol
ether diaminetetraacetic acid (EGTA), trans-1,2-
cyclohexanediaminetetraacetic acid (CyDTA),
diethylenetriaminepentaacetic acid (DTPA), 2-
hydroxyethylethylenediaminetriacetic acid (HEDTA), o-
20 phenanthroline, thiourea, 2,2-bipyridyl, cysteine, and
their derivatives and salts. Among them,
triethylenetetramine, ethylenediaminediacetic acid,
ethylenediaminetetraacetic acid, tetraethylenepentamine,
glycol ether diaminetetraacetic acid, trans-1,2-
25 cyclohexanediaminetetraacetic acid, o-phenanthroline, or

their derivatives or their salts are preferred. They may

be used alone or in combination as a mixture of two or



10 polishing of a planar copper film use of a chelating agent having a

" weak coordination power is inportant to suppress re-deposition and
precipitation of free copper while supplying copper necessary for the
Fenton reaction- type radical-formng reaction, and the presence of a 15
chel ating agent having a strong coordinatien power will be a hindrance to
such polishing. Accordingly, the balance of both is inportant. Nanely, in
order to mai Modeh oF RMindm renoval rate in the polishing of a planar copper
filmand to suppress the 20 renoval rate after the copper wrings have been

formed, it IFUNOTION @F THE COMEINATIONMAR QHEIAT NOAGENTGIAGENE havi ng
a weak coordination power and a chel ating agent having a strong

coor di nat i on Waae COCRDANRTIAN \HOWRE ANTON HHERIERNG GHENAT | ING AGENSTRENG NG
VEAK 25 COORDI NATI ON PONER AND CHELATI NG AGENT HAVI NG STRONG COORDI NATI ON
POAER It is cooRDderad o HWHR eferred that in order to 16 effectively
suppress the Fenton reaction type radical- formng reaction after copper
Wi rings have beerhAd adewmtkibddhalmoeintabfet hehe hedmpengvagend bavtagna
strong coordination power is an anount sufficient to forma s conplex with
al | or subst dwts agpeaaldd,oftheopperctitnrcpf wild dlee ¥ateedy byogot i lsdwimgg af t er
the copper wirings have been formed, and at the tinme of polishing a planar
copper fil ma tsterdrlee mbcarvbunatst anpaweyr ooniplosie | onpdriratt o aid the
chel ati ng agent having a weak coordi nati on power and
function of the chelating agent having a weak
coordination power is not required. However, in
10 polishing of a planar copper film, use of a chelating
agent having a weak coordination power is important to
suppress re-deposition and precipitation of free copper
while supplying copper necessary for the Fenton reaction-
type radical-forming reaction, and the presence of a
15 chelating agent having a strong coordination power will
be a hindrance to such polishing.
Accordingly, the balance of both is important.
Namely, in order to maintain a high removal rate in the
polishing of a planar copper film and to suppress the
20 removal rate after the copper wirings have been formed,
it is important to use a combination of a chelating agent
having a weak coordination power and a chelating agent
having a strong coordination power.
QUANTITATIVE RELATION BETWEEN CHELATING AGENT HAVING WEAK
25 COORDINATION POWER AND CHELATING AGENT HAVING STRONG
COORDINATION POWER

It is considered to be preferred that in order to



10 the chel ating agent having a strong coordi nati on power are such that
" the Fenton reaction type radical-formng reaction will not thereby be
hi ndered. It is considered that in the polishing mechanism enploying a
pol i shi ng conpound having the anbunts of the is respective chelating
agents adjusted as descri bed above, the pakishing will proceed, and copper
wirings wwll be formed, as follows. In a step where a state of a planar
copper film dffemdvalsr duigpeidd rthes IFdratten of e fctSEbR COVIsk Ct i1 24 -
integrated circuit is polished, a |large anmount of copper wll be freed at
the tine of padnsihiong;eandteir@bya ftopperopprmy wir pres drve rnoedn afitmed por e
than the amount which wll be nmade to be a copper conplex by the chelating
agent havi ng thestanenmntc goff dilratalorl g0y .addet riesving 25sfreegcopper ot her
t han one which becane a copper conplex by the chelating agent having a
strong coor diqratridimatpiowe pows |ishearc coralimat sdf £ oecidrt chel &ormga agent
having 17 a weak coordi nation power. The copper conplex having such a
weak coor di natdmgnl groweirtH sa ot deutest ark pably dell tde corpelt ndtbdh copper to
the Fenton reaction-type radical-formng reaction to generate radicals
thereby to siddcdierfateed hy mlsHiing Pctehetppl ¢eppery Wiovipesskavand
copper wirings are forned on the surface, the anount of copper freed by
pol i shing deg?ﬁﬁsef@r“ﬁﬁrs and raft kg | tigieicef thel eiied 2 tMbara¥ f GeRPSF eas
of the copper wirings is snmall as o ,

film, the blend amounts and the composgitional ratio of

the chelating agent having a weak coordination power and
10 the chelating agent having a strong coordination power
are such that the Fenton reaction type radical-forming
reaction will not thereby be hindered.
It is considered that in the polishing mechanism
employing a polishing compound having the amounts of the
15 respective chelating agents adjusted as described above,
the polishing will proceed, and copper wirings will be
formed, as follows.
In a step where a state of a planar copper film
formed over the entire surface of a semiconductor
20 integrated circuit is polished, a large amount of copper
will be freed at the time of polishing, whereby copper
may be present in an amount more than the amount which
will be made to be a copper complex by the chelating
agent having a strong coordination power. The rest of
25 free copper other than one which became a copper complex
by the chelating agent having a strong coordination

power, will be coordinated to the chelating agent having



10 conpared with the surface area of the planar copper film Therefore,

" substantially all of copper freed at this stage will preferentially be
coordinated to the chelating agent having a strong coordi nati on power, and
it is mde possible that there will be substantially no copper which is is
coordinated to the chel ati ng agent havingia weak coordination power.
Consequently, the Fenton reaction- type radical-formng reaction tends to
hardly take pl agak ddwrdnngiess gowdo! | Thiengopyeradiompllembah iy hi nder ed,
and it is possible to substantially reduce the renoval 20 rate of copper.
Nanel y, the paldishi ngakorquantth fari @oppefemvi s ngsmoidetd® s gsesridevent i on
is preferably one having the conpositional ratio of the chel ati ng agent
havi ng a weakhec amaidiatated pawyeand titee creeltadn e ageidn hiappearg a 25
strong coordi nati on power adjusted so that at the tinme of polishing a

pl anar copperrddiaalt-&dmrima oqEzert Wi i g yengya ties hiadi od 14 hehqatslmartcopper
filmbe accelerated, and 18 polishing after formation of the copper
wirings be supmlessak tie tgrel isghoumg . of the chel ati ng agent having a weak
coordi nation power is small, re-deposition and 5 precipitation of copper
freed by polishi s vihé polideinguppressesesatandhecopper obipbhgshang t he

pl anar copper film and the anmount of copper to be supplied froma copper
conpl ex to tHowmER om rdectduwrtagpe thaliamdunt g egppeaci¥erd dbso tends to

be insufficient. On the
polishing decreases. This is natural, since the sum of

the surface areas of the copper wirings is small as

10 compared with the surface area of the planar copper film.
Therefore, substantially all of copper freed at this
stage will preferentially be coordinated to the chelating
agent having a strong coordination power, and it is made
possible that there will be substantially no copper which

15 is coordinated to the chelating agent having a weak
coordination power. Consequently, the Fenton reaction-
type radical-forming reaction tends to hardly take place,
the progress in polishing by radicals will be hindered,
and it is possible to substantially reduce the removal

20 rate of copper.

Namely, the polishing compound for copper wirings of
the present invention is preferably one having the
compositional ratio of the chelating agent having a weak
coordination power and the chelating agent having a

25 strong coordination power adjusted so that at the time of
polishing a planar copper film to form copper wirings,

polishing of the planar copper film be accelerated, and



10 ot her hand, even if the anpbunt of the chelating agent having a weak
coordi nati on power is too nuch, no further inprovenent in the effects is
expected. Specifically, the amount of the chelating agent having a weak
coordi nati on power in the polishing conposition of the is present invention
is preferably fromO0.1 to 10 nmass% norelgreferably fromO0.5 to 5 mass%

I f the anobunt of the chelating agent having a strong coordination power is

too small, itpdlengdsid®d decah ffdmmbtiod ohayige abdpér cRPpERgérieed by the
polishing after the 20 formati on of the copper wrings chel ated, whereby
di shing and ®imsi€edsad. the copper wirings can not be suppressed. On the
other hand, if it is too |arge, copper freed during the polishing of the
pl anar copper filDnftehndsahounbeos ubisé athéaht yngt agegt yhatiehgt adwenker eby
the progress 25 of the Fenton reaction-type radical-formng reaction is
i kely to be doowiett i dhuysowesperd famall y, ré hdecpo®dimionfandhe chel ating
agent having a strong coordination power in 19 the polishing conpound of
t he present ipweanipioratison prefer@idy fresd oYlpsdi 2himgswi lhonet pbef er abl y
from 0.02 to 0.5 mass% The conpositional ratio of the chelating agent
havi ng a wealswmmrebsed i on poewerine ehepdl thleingi tige agbéatahavopgea strong
coordi nati on power (chelating agent havi ng weak coordi nati on

power / chel at ifriglm agerd tHaeiangpwtt ovly coppelr natiloa popet jednfsomrati o) is,
specifically preferably within a range of from2/1 to 100/1, nore
preferably wiadnnena semplkenftd rione 1B¢iten reaction-type radical-

forming reaction also tends to be insufficient. On the

10 other hand, even if the amount of the chelating agent
having a weak coordination power is too much, no further
improvement in the effects is expected. Specifically,
the amount of the chelating agent having a weak
coordination power in the polishing composition of the

15 present invention is preferably from 0.1 to 10 mass%,
more preferably from 0.5 to 5 mass%.

If the amount of the chelating agent having a strong
coordination power is too small, it tends to be difficult
to have all of copper freed by the polishing after the

20 formation of the copper wirings chelated, whereby dishing
and erosion of the copper wirings can not be suppressed.
On the other hand, if it is too large, copper freed
during the polishing of the planar copper film tends to
be substantially strongly chelated, whereby the progress

25 of the Fenton reaction-type radical-forming reaction is
likely to be hindered. Thus, specifically, the amount of

the chelating agent having a strong coordination power in



10 50/ 1. By a study of the polishing rate and the dishing rate as

descri bed hereinafter, it is possible to grasp whether or not in the
present invention, polishing of a planar copper filmis accel erated, and
polishing after 15 formation of the copper wirings is suppressed, as
desired. By such a study, it is possible €8 determ ne the blend anmounts
and conpositional ratio of the <chelating agent having a weak coordination
power and t hehechellatdmighcagesipdiad nef alsd rprgs o thwait t oon posver . 20
Further, from another viewpoint, the polishing conmpound for copper wrings
of the presenrdffeeeaiilivorfrmay 0 F riegad dests s, anquod | she figr glohp ofmoin f or
copper wirings, which conprises water; a peroxide oxidizer; a surface
protective adgeri2 ftar C.dpperssa chléleattiomposgéenonalhawtng 25 st ability
constant of from2 to 9 as a copper conplex; and a chelating agent B

havi ng a st aliHdltatigwnstgant dfawing |eastak cosrdinappen pompt eko thet he
conposition departs 20 fromthis range, it tends to be difficult to obtain
the effeéts dfeltateing exgant ihmreing on $treong occeeppirasionerovenoval rate
after formation of copper wirings while naintaining a high renoval rate in
pol i shing of @hslatamg asspperatinimverde erapiinaylennaeest/ ohebatopper
conpl ex can be neasured by pH titration using a glass electrode by a

met hod di scl GERNHIB KT HRTIY CIEAINIEARTHOFoe Fat PaBs Fat Mgbudsis

Sol ution", Haase & Son, Copenhagen (1957),
specifically preferably within a range of from 2/1 to

100/1, more preferably within a range of from 10/1 to

10 50/1.

By a study of the polishing rate and the dishing
rate as described hereinafter, it is possible to grasp
whether or not in the present invention, polishing of a
planar copper film is accelerated, and polishing after

15 formation of the copper wirings is suppressed, as
desired. By such a study, it is possible to determine
the blend amounts and compositional ratio of the
chelating agent having a weak coordination power and the
chelating agent having a strong coordination power.

20 Further, from another viewpoint, the polishing
compound for copper wirings of the present invention may
be regarded as a polishing compound for copper wirings,
which comprises water; a peroxide oxidizer; a surface
protective agent for copper; a chelating agent A having a

25 stability constant of from 2 to 9 as a copper complex;
and a chelating agent B having a stability constant of at

least 10 as a copper complex. If the composition departs



10 Schwar zenbach, G, Helv. Chem Acta 33, 947 (1950) and Callahan, C. M,
et al, Anal. Chim Acta 16, 101 (1957). Further, it can be sinply searched
in SC-Database provided by Stability Constant Conmmttee of UPAC. Here, the
stability constant of a conplex is constituted by a chelating agent and
copper is considered to be an index showfg the strength/weakness of the
coordi nati on power. Usually, a chelating agent has a |arge coordination
power as thefsbabihiky redast ant itendsarge beAcR@fdiciglty .td lobtaidondiger ed
that as a chelate 20 having a weak coordi nati on power, a chel ati ng agent
havi ng a | owestfabitlsi bf chesparisehe Useentamch ds ea chelaipprdwyitige a hi gh
coordi nati on power, a chelating agent having a high stability constant be
used, and Entrediomenit raZeohftlee fFresartti damedntdoppehasyibeeysacdand | shed on
this 25 basis. The stability constant of the chelating agent Ais from?2
to 9, preferablinthiaimg wohighThemsivalli lhattye 2h podnsthdamty off tehelehedmat i ng
agent Bis at least 10, preferably at least 13. If the stability constant
of the chel soppgragedm.A is |ess than 2, the forned copper conplex tends
to hardly prevent re-deposition of copper 5 freed during the polishing, and
if it exceeds 9, The safaiidiidrt cammbantofol opprrrnenscammdsx teadebdar dl y
supplied fromthe copper conplex to the Fenton reaction- type
radi cal - f or minggsuEget i nPHaﬁdbidﬁkﬂmﬁ%mﬁmaﬁlgﬁﬂﬁstQ%ﬁﬁthé;bemﬁdly
obtai nable. Further, if the stability

method disclosed by Bjerrum, J., “Metal Ammine Formation

in Ageuous Solution”, Haase & Son, Copenhagen (1957),

10 Schwarzenbach, G., Helv. Chem. Acta 33, 947 (1950) and
Callahan, C. M., et al, Anal. Chim. Acta 16, 101 (1957).
Further, it can be simply searched in SC-Database
provided by Stability Constant Committee of UPAC.

Here, the stability constant of a complex

15 constituted by a chelating agent and copper is considered
to be an index showing the strength/weakness of the
coordination power. Usually, a chelating agent has a
large coordination power as the stability constant is
large. Accordingly, it is considered that as a chelate

20 having a weak coordination power, a chelating agent
having a low stability constant be used, and as a chelate
having a high coordination power, a chelating agent
having a high stability constant be used, and Embodiment
2 of the present invention has been accomplished on this

25 basis.

The stability constant of the chelating agent A is

from 2 to 9, preferably from 3 to 7. The stability



io constant of the chelating agent Bis less than 10, it tends to be
difficult to maintain the copper conplex as it is without supplying freed
copper to the Fenton reaction-type radical formng reaction. So |ong as
the above relation relating to the 15 stability constants is satisfied,
selection of materials for chelating ageatts A and Bis free. In such a
case, the anount of the chelating agent A in the polishing conpound of
the present iguteitandn dfs gheefad@iaalltidg agdhtl B tis 14 nessde 1®f e preferably
from0.5 to 5 mass% 20 Further, the anpbunt of the chelating agent B in the
pol i shi ng com@fisdals yporeaf dresddty 13y omIG. @het @t2hinssYy comytany effertald v
from0.02 to 0.5 nmass% The conpositional ratio of the chelating agent A

to the chel athaigtagentadgntcireliat ilrgp sagdrdn A chdlat f sumead embpider 25 nass
ratio) is specifically preferably within a range of from2/1 to 100/1,

nor e pref er ablompliethitrersds argéaafd fy orevidit]l to- dEPdsi2lon Thie coopenati on
of the chelating agent A and the chelating agent B may be sel ected anong
t he aboves nmeEtdeghehicionbitied iponisi slfinde aidl af | iy exgesedhavi g a  weak
coordi nation power and the chel ating agent having a 5 strong coordination
power. |n suchifficdset aarduwits ofprasfmreed enhdoimdnt to dse dezediped above
with respect to the polishing conposition for copper wirings containing a
conbi nat i on cfurplciesd dinaw thye monras reprep hesakt @ odreli Feitiom poaekiemd a
chel ati ng agent having a strong
type radical-forming reaction, and a high removal rate
tends to be hardly obtainable. Further, if the stability
10 constant of the chelating agent B is less than 10, it
tends to be difficult to maintain the copper complex as
it is without supplying freed copper to the Fenton
reaction-type radical forming reaction.
So long as the above relation relating to the
15 stability constants is satisfied, selection of materials
for chelating agents A and B is free. 1In such a case,
the amount of the chelating agent A in the polishing
compound of the present invention is preferably from 0.1
to 10 mass%, more preferably from 0.5 to 5 mass%.
20 Further, the amount of the chelating agent B in the
polishing compound is preferably from 0.01 to 2 mass%,
more preferably from 0.02 to 0.5 mass%. The
compositional ratio of the chelating agent A to the
chelating agent B (chelating agent A/chelating agent B,
25 mass ratio) is specifically preferably within a range of

from 2/1 to 100/1, more preferably within a range of from

10/1 to 50/1.



10 coordi nati on power may, of course, be applicable also to the polishing
conpound for copper wirings containing such a conbination of the chelating
agent A and the chelating agent B. As preferred exanples of the chelating
agent A, the 15 above nentioned preferred exanples of the chel ati ng agent
havi ng a weak coordi nati on power nay be nentioned, and as preferred
exanpl es of the chelating agent B, the above nentioned preferred exanpl es

of the chel ati ng mgendomdiad tith St Moy GeoT st 1ad | MePOVET af@Y e
menti oned. 20 Now, with respect to the preferred exanples of the chelating

agent A and idhelpiafey refx@amas b ddiectaelaidmy wgebde specific
nunerical values for the stability constants will be shown. PREFERRED
EXAVPLES OF GiHRtABNNG AGHNE A tHibits NUVERICAIhe 128 MAY Ukfed N IBRAGKE TS
REPRESENT THE STABI LI TY CONSTANTS) Tartaric acid (3.2), malonic acid
(4.9), malicveakd dcdrd)inatiitard o (A Hhe nledl at Aoy Hdper®) , haoxald ca aci d
23 (4.5), triethanolamne (4.4), succinic acid (4.3), glutaric acid
(2.4), fusaristrang dadr@)inatiiaragewer acild s(chO)p, datsagowiaxiacisd (3. 9),
glycolic acid (2.3), lactic acid (4.8), isocitric acid (5.2), gluconic
acid (2.4), yrefasracst iamaciihgntD)as diggocidied aodide (Bitd) ,respeaditg ycolic
acid (4.5), phthalic acid (3.1), salicylaldehyde (5.6), sarcosine (7.8),
qui nol i necar dvey Iod isdiichy SA@post I Meoncdabpric wiEsingg yedmea (1819 | a
alanine (8.1), R-alanine (7.0), valine

combination of a chelating agent having a weak

coordination power and a chelating agent having a strong

10 coordination power may, of course, be applicable also to
the polishing compound for copper wirings containing such
a combination of the chelating agent A and the chelating
agent B.

As preferred examples of the chelating agent A, the

15 above mentioned preferred examples of the chelating agent
having a weak coordination power may be mentioned, and as
preferred examples of the chelating agent B, the above
mentioned preferred examples of the chelating agent
having a strong coordination power may be mentioned.

20 Now, with respect to the preferred examples of the
chelating agent A and the preferred examples of the
chelating agent B, specific numerical values for the
stability constants will be shown.

PREFERRED EXAMPLES OF CHELATING AGENT A (THE NUMERICAL

25 VALUES IN BRACKETS REPRESENT THE STABILITY CONSTANTS)

Tartaric acid (3.2), malonic acid (4.9), malic acid

(3.3), citric acid (4.5), maleic acid(6.8), oxalic acid



10 (8.0), leucine (8.3) or glycylglycine (5.4), or their derivatives or

- salts. PREFERRED EXAMPLES OF CHELATI NG AGENT B ( THE NUMERI CAL VALUES | N

BRACKETS REPRESENT STABI LI TY CONSTANTS) | m nodiacetic acid (1DA) (16.2),

nitrilotriacetic is acid (NTA) (12.7), ethyl enedi am nedi acetic acid (EDDA)
(16.2), ethylenediamnetriacetic acid (16.23), ethylenedi am netetraacetic
acid (EDTA) (18.8), propylenedi am neteteraacetic acid (PDTA) (18.9),

et hyl enedi am pet=el y apr Dot leah Sl @asite (EDIP) , (d4c8)nid0atidanungfri et hyl am ne
(18.8), ethylenediamne (19.6), 1,2-diam nopropane (19.84),

1, 3-di am noprgpater{d7adid, (214) anfwepr Dpaneid203 1) , deethytenetr hafine
(21.3), triethylenetetramne (20.4), tetraethyl enepentam ne (24.3),
pent aet hyl enefex@n net{22n#d)achlilycdl okt hgly@Sl fic aathat értr apcelaetaei d
(EGTA) (17), trans-1,2- cycl ohexanedi am netetraacetic acid (CyDTA) (21.3),
di et hyl enetriamidiepend pacetocitacid 4EOT®RA)5 (2D, S5yludoRdc acid (2.4),
hydr oxyet hyl et hyl enedi am netri acetic acid (HEDTA) (17.4), o-phenanthroline
(21.0), thiouwxcaldddtid,ai@- b4 pyYyi dgiglyddlNy, acydt €Bne) (19.4), or their
derivatives or salts. SURFACE PROTECTI VE AGENT FOR COPPER 5 It is
i nportant to tmbodjpolatel acsacidcés ps bt echthaliagenidf 6B . tbpper to the
pol i shing conpound for copper wrings of the present invention. If no
surface protsxtivelab@elyds (hcol posatredsidest7uBlion of copper by e.g.
an oxidi zer contained in the polishing conpound
quinolinecarboxylic acid (5.9), an amino acid such as
glycine (8.1), alanine (8.1), B-alanine (7.0), wvaline

10 (8.0), leucine (8.3) or glycylglycine (5.4), or their
derivatives or salts.

PREFERRED EXAMPLES OF CHELATING AGENT B (THE NUMERICAL
VALUES IN BRACKETS REPRESENT STABILITY CONSTANTS)
Iminodiacetic acid (IDA) (16.2), nitrilotriacetic

15 acid (NTA) (12.7), ethylenediaminediacetic acid (EDDA)
(16.2), ethylenediaminetriacetic acid (16.2),
ethylenediaminetetraacetic acid (EDTA) (18.8),
propylenediamineteteraacetic acid (PDTA) (18.9),
ethylenediaminetetrapropionic acid (EDTP) (14.9),

20 triaminotriethylamine (18.8), ethylenediamine (19.6),
1,2-diaminopropane (19.84), 1,3-diaminopropane (17.17),
triaminopropane (20.1), diethylenetriamine (21.3),
triethylenetetramine (20.4), tetraethylenepentamine
(24.3), pentaethylenehexamine (22.44), glycol ether

25 diaminetetraacetic acid (EGTA) (17), trans-1,2-

cyclohexanediaminetetraacetic acid (CyDTA) (21.3),

diethylenetriaminepentaacetic acid (DTPA) (20.5), 2-



10 tends to proceed irrespective of the Fenton reaction-type

radi cal -form ng reaction. Therefore, the nmechanismof the present
invention to adjust the renoval rate by controlling the Fenton
reaction-type radical-formng reaction tends to hardly work, and it
beconmes difficult is to suppress the renoval rate after formation of copper
wirings while maintaining a high renoval rate in polishing of a planar

copper film hkhErStfdacel 110fesidyeamient r baser bedaendt heeoopper17suyface
prevents oxidation of the copper surface, but is 20 not so strong as to

i nhi bit oxidajipherdgidhsdliing of1 copperhbyuradi ¢as s4 pener ateipynidhe
pol i shing nechani sm of the present invention, and once the Fenton
reaction- typeTad caydtosimang(r®aL) | obir ocleeit 8 dsrivapbiréshongsaita. pl anar
copper film this protective filmwll be broken, 25 and the polishing wll
proceed. HowsSEREAGHE PROTEONEVEIex@ENT HBOR i COPBEFent on reacti on-type
radi cal - formng reaction occurs by the presence of a chelating 25 agent
havi ng a strong choridsnahpont aowetroj ustokpkeabét er suafeoppprowecicagepatt ern
has appeared, this protective filmtends to be hardly broken, whereby the
pol i shing wdderbe fwr ecopgr essethe Sodheskimd acempoonécfpvecagear f or
copper may, for exanple, be a benzotriazole derivative represented by a
conpound haviwigr imas refcttthe pfesdret fomnenbidl), If maanotiscan ini dazol e
derivative such as benzi m dazole or 2-nercaptobenzi m dazole, a tetrazole
derivati ve sutptective agent is incorporated, destruction of copper
by e.g. an oxidizer contained in the polishing compound
10 tends to proceed irrespective of the Fenton reaction-type
radical-forming reaction. Therefore, the mechanism of
the present invention to adjust the removal rate by
controlling the Fenton reaction-type radical-forming
reaction tends to hardly work, and it becomes difficult
15 to suppress the removal rate after formation of copper
wirings while maintaining a high removal rate in
polishing of a planar copper film.
The surface protective agent adsorbed on the copper
surface prevents oxidation of the copper surface, but is
20 not so strong as to inhibit oxidation (polishing) of
copper by radicals generated in the polishing mechanism
of the present invention, and once the Fenton reaction-
type radical-forming reaction occurs as in polishing of a
planar copper film, this protective film will be broken,
25 and the polishing will proceed. However, it is

considered that if no Fenton reaction-type radical-

forming reaction occurs by the presence of a chelating



10 as 1Htetrazole, 5-amno-IHtetrazole or 5- nethyltetrazole, a triazole
" derivative such as naphthotriazole or 1,2,4-triazole, a thiazole
derivative such as 2-am nothiazole or 2-nercaptobenzothiazole or a

t hi adi azol e such as 2-am no-5-nercapto-1, 3, 4-thiadiazole, is as well as

i ndazol e, indole, cuprazone, triazine dithisol, thiourea, catechol

sal i cyl al doxi me, pyrazole, 8- hydroxyquinoline or a triphenyl nethane

derivative. Aﬂ?@ﬁt KA g 8a COPPONG cB@¥&ﬂHaEb§nSbBM8£Uﬁﬁsef1&?8 feraul a
(1), 5-nethyltetrazole, thlourea catechol or salicylaldoxinme 20 is

preferred, and & ol RQVh DG r8thalst dpge@fciihecnt r pubaeti)ves nore
preferred. RN In the fornmula (1), Ris a hydrogen atom a Cl_4 alkyl

group, a Cl_4f gl koxemn@s Ot 19& @aﬁ@lpoxybkénacwﬂegébygﬁﬁéppom@éﬁlng
specifically, benzotriazole (BTA), a tolyltriazole having one hydrogen

atom at 4- orwbrl pesihded Shpphesbeazene ring substituted by a net hyl
group, or a benzotriazol e-4-carboxylic acid substituted s by a carboxylic

aci d may, sfor exanpéesubfabenpirotedtivEhagensurbaceoppeireaiiye fagents nay
be used alone or in conbination. The anobunt of the surface protective

agent is predesmbly, fson (b&Rlotnssdole denbssaliveoreppestacabl pyf aom
0.005 to 0.5 mass% in the polishing 10 conpound for copper wrings of the
present | nvendtompound having a structure of the formula (1),
imidazole, an imidazole derivative such as benzimidazole
or 2-mercaptobenzimidazole, a tetrazole derivative such
10 as 1lH-tetrazole, 5-amino-1H-tetrazole or 5-
methyltetrazole, a triazole derivative such as
naphthotriazole or 1,2,4-triazole, a thiazole derivative
such as 2-aminothiazole or 2-mercaptobenzothiazole or a
thiadiazole such as 2-amino-5-mercapto-1,3,4-thiadiazole,
15 as well as indazole, indole, cuprazone, triazine dithiol,
thiourea, catechol, salicylaldoxime, pyrazole, 8-
hydroxyquinoline or a triphenylmethane derivative. Among
them, a compound having the structure of the formula (1),
5-methyltetrazole, thiourea, catechol or salicylaldoxime
20 1is preferred, and a compound having a structure of the
formula (1) is more preferred.
N
I (1)
N’//N

In the formula (1), R is a hydrogen atom, a Ci.,

alkyl group, a C;.4 alkoxy group or a carboxylic acid



OTHER CONSTI TUTI NG COVPONENTS | N POLI SHI NG COVPOUND Wth respect to the
peroxi de oxidizer to be incorporated to the polishing conpound of the
present invention, if its amount is too snall, the progress of is the
Fenton reaction-type radical-formng reaction tends to be insufficient,
and even if it is too nmuch, the reaction2@i ||l not proceed. The reason as
to why the renoval rate decreases when the anmpbunt of the peroxide
oxi di zer i s waoumichMokrse npecdfeanllyyyunbdensboadazaQeHaBEwer,, ait is
considered that in the polishing, a |arge anmount of oxygen is thereby

supplied to tthdyldrisziolg heonpoumrche \Wyetrelgera ssttanorey odd der f54 m may be
formed on the planar copper filmsurface, which may hinder the nechani cal
pol i shing, oposhe¢ion df fihemdeorzamee anirnches 26 tplartzad doppemdtihym sur f ace
may hinder the reaction of copper with radicals. The anpunt of the

peroxi de oxiodiozgr, ior whéepadtshiarp lcorfpamdafy tie gristentbR7itutradnt i on
is preferably fromO0.2 to 20 mass% nore preferably fromO0.5 to 10 mass%
nost pref Br ablyy of cembbxntld & amisk WayThd Qolaxsimis ¢ drpoant vinathe present
invention can s exhibit its effects even when no abrasive particles are

i ncor por at ed Thegewarrfaae mppteastt icmuragentise npsedra diaharlane Prabkasi ve
particles. As abrasive particles which can be incorporated to the

pol i shi ng cofsBlidadfiarhe Fhesampuphyeht FHF SMIMRICEN PTPECCEA Vise AFSEY

together with the polishin% conmpound of the
is preferably Trom 0.001 mass% to 1 mass%, more

preferably from 0.005 to 0.5 mass%, in the polishing

10 compound for copper wirings of the present invention.

OTHER CONSTITUTING COMPONENTS IN POLISHING COMPOUND
With respect to the peroxide oxidizer to be

incorporated to the polishing compound of the present

invention, if its amount is too small, the progress of

15 the Fenton reaction-type radical—forming reaction tends
to be insufficient, and even if it is too much, the
reaction will not proceed. The reason as to why the
removal rate decreases when the amount of the peroxide
oxidizer is too much, is not clearly understood.

20 However, it is considered that in the polishing, a large
amount of oxygen is thereby supplied to the polishing
compound, whereby a strong oxide film may be formed on
the planar copper film surface, which may hinder the
mechanical polishing, or the oxide film formed on the

25 planar copper film surface may hinder the reaction of
copper with radicals. The amount of the peroxide

oxidizer in the polishing compound of the present



present invention, a-alumna, 5-alumna, y-alumna, funmed silica,

colloidal silica or ceria may, for exanple, be nentioned. Anong them
5-alum na and colloidal silica are preferred fromthe viewpoint of the

di spersibility, 1is stability, abrasive power, etc. \Wen abrasive particles
are incorporated, the average particle dpaneter of the abrasive particles
is preferably fromO0.005 to 0.5 um nore preferably within a range of

from0.01 to;i@3n¥Tonlhe ?%Qiefﬂa@)l%urffr%ﬁ area 26 ohde akMssd ve particles
is preferably from30 to 300 nR/g. If the specific surface area is |ess

than 30 n2/ gpreirhe apliymaEsmar.tsi ¢le 19 28 denddsr e dRa-duingesrand if  the
specific surtface area exceeds 300 nR/g, the primary particle sizes tend to
be too smal |l roWBemalshe .average 25 particle dianmeter of the abrasive
particles is not too small, an adequate renoval rate is obtainable, and

when the aver aganarddiclshidiArRingfoursd i 100 dredgent aisv@et tor8camnd fl at
polished surface is obtainable. The concentration of the abrasive

particl essi nehebpal iishi rF fecarpenrt ohdrheipradserdi vanveivt dlds gyref erably
fromO0.01 to 10 nass% nore preferably from0.04 to 5 mass% nost 5
preferably frhiamc@pdFated? nHes8veByuchtl mayt abfonsuase, par tuised arly
preferred in a case where 5-alumna and colloidal silica are to be

enpl oyed. As togedchel endhnatenisdhve paminilas .
tris(hydroxynet hyl ) am nonet hane and tri et hanol am ne may, 10 for exanple,
be mentioned. W tAs tdkergroilvies lpangk icogpounidich can be incorporated to
the polishing compound of the present invention or which
10 can be used together with the polishing compound of the
present invention, o-alumina, &-alumina, y-alumina, fumed
silica, colloidal silica or ceria may, for example, be
mentioned. Among them, d-alumina and colloidal silica
are preferred from the viewpoint of the dispersibility,
15 stability, abrasive power, etc.
When abrasive particles are incorporated, the
average particle diameter of the abrasive particles is
preferably from 0.005 to 0.5 um, more preferably within a
range of from 0.01 to 0.3 um. The specific surface area
20 of the abrasive particles is preferably from 30 to 300
m’/g. If the specific surface area is less than 30 m®/g,
the primary particle sizes tend to be too large, and if
the specific surface area exceeds 300 m’/g, the primary
particle sizes tend to be too small. When the average
25 particle diameter of the abrasive particles 1is not too

small, an adequate removal rate is obtainable, and when

the average particle diameter is not too large, a smooth



of the present invention, the function of the chelating agent to prevent
re-deposition and precipitation of copper fornmed during the polishing on a
pol i shed surface, appears nore effectively in a case where the polishing
is compound in the polishing environment is acidic or in a case where
ammoni a, tris(hydroxynethyl)am nonmet hane, 28tri et hanol amine or the like is
used for neutralization of the polishing conpound. Anong them

t ri s( hydr oxy reichy DeamipadieiHean esurs qead tic Wiedd ihatblef f @tlel ve. The
concentration of tris(hydroxynmethyl)am nonmethane is preferably within a
range of fromdhdEhtira th®onress Mharaier gu iefee et tyi vl ddhi in ache aoglei eiidg om 0. 5
to 8 nass% Wth respect to the pH, the pH of the polishing 25 conpound to
be used in thenpeasehtofi mrentdr@sdrst  predrariadl yid rmpre etabhP, froned . 01
preferably from4 to 9. If the pHis less than 2, corrosion of copper
tends to be 2® lMamdissisupprres yatsfarsblgt socameh. ¢het P exaeeds ddst such

is undesirable for the polishing conpound of the present invention from

t he vi ewpbdi ntp 1 f eomtrlosiforenof0 . ey .2 Teaddfe péuickhiligideriomsd are be used
for the s polishing nethod of the present invention, a surfactant, an

oxi di zi ng ag@artizuledusi myedgamed adviscosie whemnty o lumghagend, a

di spersant, an antiseptic, a pH adjusting agent, etc., may optionally be

i ncor por at ed dai 1 cighilt isgnd it tare disovee cmploxyadon, unl ess such 10

incorporation is against the intention of the present
As other blend materials, ammonia,

tris (hydroxymethyl)aminomethane and triethanolamine may,

10 for example, be mentioned. With the polishing compound
of the present invention, the function of the chelating
agent to prevent re-deposition and precipitation of
copper formed during the polishing on a polished surface,
appears more effectively in a case where the polishing

15 compound in the polishing environment is acidic or in a
case where ammonia, tris (hydroxymethyl)aminomethane,
triethanolamine or the like is used for neutralization of
the polishing compound. Among them,
tris (hydroxymethyl)aminomethane is particularly

20 effective. The concentration of
tris (hydroxymethyl)aminomethane is preferably within a
range of from 0.01 to 10 mass%, more preferably within a
range of from 0.5 to 8 mass%.

With respect to the pH, the pH of the polishing

25 compound to be used in the present invention is

preferably from 2 to 10, more preferably from 4 to 9. If

the pH is less than 2, corrosion of copper tends to be



i nvention. The polishing conpound thus constructed is capable of realizing
hi gh preci sion-surface planarization when copper is used as a wiring

netal. It is thereby possible is to obtain a sem conductor integrated
circuit surface having an excellently flat surface condition with little
di shing and erosion, such being very effex@ive for multi- layering or

m ni aturization of sem conductor integrated circuits. Mre specifically,
in a processhipdlypreodppiagsed, aan@nhlesduntar thet pgr akededsr cui, t sdewni ce by
formng copper wrings by a Damascene net hod, dishing and erosion is
effectively psewedtetlrapber by thei popdshihecbmnpoohtiabi ahsepiressetct or
integrated circuit surface having an excellently flat surface condition.
25 The pol i shhwegncbopofindmf the coppeponnti afscokrbheonpnésenppemvention i s
suitable for polishing a copper film forned on a surface having trenches
for wiring, as aT80thpopbbihshgnggentmpoling pol bshusgdc dopodune: f or copper
wirings of the present invention nmay be used as a polishing agent by
addi ng otsherpcbhshingt naghednpbnehesprehenet onvEhéienar e samyacases,wherein
it is unnecessary 5 to change the polishing conpound or the polishing
mechani sm dependkhdiphnghagenti sai ngdprovgssgeBy, sacipobisshiyng, it is
possible to formcopper wrings having high precision surface flatness
with no or ¢ontreldinti agenrk, eaodioperaadtit ansapsdéseblactoarpdize 10 a
sem conductor integrated circuit device having .
adjusting agent, etc., may optionally be incorporated in
addition to the above composition, unless such
10 incorporation is against the intention of the present
invention.
The polishing compound thus constructed is capable
of realizing high precision-surface planarization when
copper is used as a wiring metal. It is thereby possible
15 to obtain a semiconductor integrated circuit surface
having an excellently flat surface condition with little
dishing and erosion, such being very effective for multi-
layering or miniaturization of semiconductor integrated
circuites. More specifically, in a process for producing
20 a semiconductor integrated circuit device by forming
copper wirings by a Damascene method, dishing and erosion
is effectively prevented, whereby it is possible to
obtain a semiconductor integrated circuit surface having
an excellently flat surface condition.
25 The polishing compound for copper wirings of the

present invention is suitable for polishing a copper film

formed on a surface having trenches for wiring, as a



excel l ent flatness. EXAMPLES Now, Exanples of the present invention wll
be i5 described. Exanple 1 is a working exanple of the present invention,
and Exanple 2 is a conparative exanple. EXAMPLE 1 The conposition of a
pol i shing compound was as follows. 20 Alumna 0.1 nass% Tartaric acid
(stability constant: 6) 1 mass% Malonic Hrid (stability constant: 5) 1
mass% BTA 0. 03 mass% EDTA (stability constant: 19) 0.1 mass% 25

Tri s( hydr oxypel hyh)agi agert hanehe. b asisPhg Wdmpotihé festcdppdbO parts by
mass of the above conposition, 5 31 parts by nmass of a 30% hydrogen

per oxi de aguebusngs| ofi bhe passaddedntentiinal mpyabeusketihespeoporti on of
hydr ogen peroxide in the polishing conpound to be 1.4 mass% In Exanples
1 and 2, thepaliushnagwagebtabynaddingndthes Boaveriageipar tioglpengnaset er was
0.013 pmand its specific surface area was 100 n2/g. Wth the above

pol i shi ng cobpeuato. pdihiate mrevasany aases wwereimertt he fohtoasngry
conditions. OBJECT TO BE POLI SHED 10 Bl anket Wafer A 8-inch wafer
(000CUR0I5, hanghasger edebpobeshtisghfompound or the polishing

mechanism depending on the polishing process.

By such polishing, it is possible to form copper
wirings having high precision surface flatness with no or
little dishing or erosion, and it 1is possible to realize

10 a semiconductor integrated circuit device having

excellent flatness.

EXAMPLES
Now, Examples of the present invention will be
15 described. Example 1 is a working example of the present
invention, and Example 2 is a comparative example.
EXAMPLE 1

The composition of a polishing compound was as

follows.
20 Alumina 0.1 mass%
Tartaric acid (stability constant: 6) 1 mass%
Malonic acid (stability constant: 5) 1 mass%
BTA 0.03 mass%
EDTA (stability constant: 19) 0.1 mass%
25 Tris (hydroxymethyl) aminomethane 3.9 mass%
Water the rest

To 100 parts by mass of the above composition, 5



having a 1,500 nmthick Cu layer formed on a Si substrate by wet plating,
was used as a wafer for evaluating a copper renoval rate. i5 Patterned
Wafer A 8-inch water (tradenane: 831CMP000, manufactured by Senatech)
fabricated by formng wirings having a pattern with a line density of 501
and line widths of 5, 10, 25, 50, 75 and3100 pmon an insulating film nmade
of 20 Si2 forned on a Si substrate, formng a 25 nmthick Ta |ayer by
sputtering opathe bgsubati pd & Bshaydrggenc peaoxiida rgueaitserao Ifuarined, and
further formng a 1,500 nm thick Cu | ayer thereon by wet plating, was
used. FI LM ThihEKKNESSAVEASHRNNG1APBARATUS t2e Usiopg rttermgoro RByAx,0gen
manuf act ured by KLA-Tencor Corporation, the renoval rate was neasured when
the wafer fperewxabdeatnnghehpodappen emopaiundatte Wwes Ipd imstsstk. 32n

PROFI LOVETER Usi ng tencor HRP-100, nanufactured by KLA-Tencor Corporation,
t he di shing Expmpdfest Aeapdt Rer hbe wiltimiga passt iSord usfinshe guat tidrsned waf er
was neasured. 5 POLI SHI NG CONDI TI ONS As a polishing machine, a polishing
machi ne M rr aveiragef Retiied eb@iApgitiead weigt €r.i0d3s Hm@andyeid usakcifsia
polishing pad, 1C 1000 K-G ooved (goncentric groove) was used. 10 The
suppl y anmounsusfacke agelei ¥hisng 0ofpddnd was 100 nl/nin (which corresponds

to 0.049 nL/(m nxcn?)). o o
With the above polishing compound, polishing was

carried out under the following conditions.
OBJECT TO BE POLISHED
10 Blanket Wafer
A 8-inch wafer (000CUR015, manufactured by Sematech)
having a 1,500 nm thick Cu layer formed on a Si substrate
by wet plating, was used as a wafer for evaluating a
copper removal rate.
15 Patterned Wafer
A 8-inch water (tradename: 831CMP000, manufactured
by Sematech) fabricated by forming wirings having a
pattern with a line density of 50% and line widths of 5,
10, 25, 50, 75 and 100 um on an insulating film made of
20 S8i0; formed on a Si substrate, forming a 25 nm thick Ta
layer by sputtering on the insulating film having such a
wiring pattern formed, and further forming a 1,500 nm
thick Cu layer thereon by wet plating, was used.
FILM THICKNESS MEASURING APPARATUS
25 Using tencor RS-75, manufactured by KLA-Tencor
Corporation, the removal rate was measured when the wafer

for evaluating the copper removal rate was polished.



The polishing pressure was 0.7x104 Pa. The rotational speed of the
polishing pad was such that the head had a rotational speed of 137
revolutions is per mnute (rpm, and the platen had a rotational speed of
143 rpm The results of the polishing under the above polishing conditions
are shown in Fig. 1. In the Fig., the pokpshing rate is the renoval rate
of the blanket 20 wafer, and for the dishing rate, the renoval rate of each
line after regpwahopfEr=Re planar copper filmin the patterned wafer was
measured. The polishing rate represents the changing rate of the film

thickness, and tef Shiddd A J_Y espiierdhadegrnse oia epgh@ysng of 25
the wiring pattern surface fromthe Ta | ayer surface by the polishing,

i.e. the chapgipgrhatiendf thie digwahd HAPe e thr Ipmalesitd ags-inthe
polishing rate corresponds to 33 arenoval rate in a case where the above

ment i oned pl §aa% i H@PRE thid Paits el Hathe anthd i Mishidig rate corresponds
to a renoval rate after the above nenti oned copper w rings have been

formed. ssTheodirshing renewasngeasured after polishing for 30 seconds
after an excess planar copper filmwas renmoved, and the polishing rate is

a renoval rate wren d i lblsaiike) mavdiiate was hol i sthiath feiciBthsaedpgds. EXAMPLE
2 10 The conposition of the polishing conpound was as foll ows.
manufactured by Applied Materials Inc. was used.

As a polishing pad, IC-1000 K-Grooved (concentric
groove) was used.

10 The supply amount of the polishing compound was 100
mL/min (which corresponds to 0.049 mL/ (minxcm?®)) .

The polishing pressure was 0.7x10* Pa.

The rotational speed of the polishing pad was such
that the head had a rotational speed of 137 revolutions

15 per minute (rpm), and the platen had a rotational speed
of 143 rpm.

The results of the polishing under the above
polishing conditions are shown in Fig. 1. 1In the Fig.,
the polishing rate is the removal rate of the blanket

20 wafer, and for the dishing rate, the removal rate of each
line after removal of the planar copper film in the
patterned wafer was measured. The polishing rate
represents the changing rate of the film thickness, and
the dishing rate represents the degree of engraving of

25 the wiring pattern surface from the Ta layer surface by

the polishing, i.e. the changing rate of the level from

the Ta layer surface. The polishing rate corresponds to



Alumna 0.1 mass% Tartaric acid (stability constant: 6) 2 mass% BTA 0.01
mass% i s Tris(hydroxynet hyl )am nonet hane 4.2 nass% Water the rest To 100
parts by nass of the above conposition, 3.3 parts by mass of a 30%
hydr ogen peroxi de aqueous solution was added to finally adjust the
proportion of hydrogen 20 peroxide in thespolishing conpound to be 1 nmass%
Wth the above polishing conmpound, polishing was carried out under the
same conditignseasvhl EX2BPLA 1 t8geoRhaiB the Leswk! metRAWhed) PliaGarl. As
is evident fromthe conparison in Fig. 1, in 25 Exanple 2 wherein no EDTA
was i ncorporapgfert Re1mat kOpefl i sBedhi BAAt @heSdalshi @D YAl & le redipTHNaRY
rate/ polishing rate) is sugstanti ally 1 i.e. the polishing speeds being 34
the same at tBeal kBRovadt hatefl aZtelreat dboR@ mEhits onRBRDPPRat even if the
term nal point of polishing is reached, if the polishing is continued, the
renoval W || wiptiageedawiet bekhe roamedr.enoval rate. s Wiereas, in Exanple 1
the dishing rate is substantially one half as conpared with the usual
renoval gate. Thhe @@ahdndhatataf kels meachik@ tdfedrerpgd nadhipe) Mor &0
polishing, the renoval rate of copper decreases. Thus, it is understandable
that to the terohdal apeent aaf ext@spobilahiang cobpelre fillanamscapperved,l m
pol i shing proceeds at a usual renoval rate, and when the term nal point of
and the polishing rate is a removal rate when the blanket

wafer was polished for 30 seconds.

EXAMPLE 2
10 The composition of the polishing compound was as
follows.
Alumina 0.1 mass%
Tartaric acid (stability constant: 6) 2 mass%
BTA 0.01 mass%
15 Tris (hydroxymethyl) aminomethane 4.2 mass%
Water the rest

To 100 parts by mass of the above composition, 3.3
parts by mass of a 30% hydrogen peroxide aqueous solution
was added to finally adjust the proportion of hydrogen

20 peroxide in the polishing compound to be 1 mass%.

With the above polishing compound, polishing was
carried out under the same conditions as in Example 1 to
obtain the results shown in Fig. 1.

As is evident from the comparison in Fig. 1, in

25 Example 2 wherein no EDTA was incorporated, the ratio of
dishing to usual removal rate (dishing rate/polishing

rate) is substantially 1 i.e. the polishing speeds being



polishing of the planar copper filmis passed and the copper wirings are
reached, the renoval rate of copper automatically decreases, whereby

di shing and erosion can is be prevented. |NDUSTRI AL APPLI CABI LI TY
According to the present invention, it is possible to obtain a

sem conductor integrated circuit having am 20 excellently flat surface
condition, such being very effective for nulti-layering or mniaturization

of seni condugtox,hBt §97 fhed1 ¢hECHi hEhs38f GhAIMBsr1osARQ! i $RiBg conmpound
for copper wrings, which conprises water; a peroxide oxidizer; a surface

protective ageRhsfehacoRPEh; iat theasbrRfgaflli potinehelrabiold shindoqrt sel ected
fromthe group consisting of tartaric acid, malonic acid, malic acid,

citric acid, r8RtBES, aEdtheOpBLishaahdigndohABnEE, a¢he; raRdval kaagt one
second chel ating agent selected fromthe group consisting of

triethyl enetgtbagkaewiehhyhengdinanagdiacerheeaci d, 10
et hyl enedi am netetraacetic acid, tetraethyl enepentam ne,
gl ycol - etsher - di anhaetakr,aagctxemptiedl thanstlshdng rate is _ _
cycl ohexanedi am net etraacetic aci d, o-phenanthroline, and derivatives and
sal ts thereofub2tafAtpallighong aalpouBdcbapacedpen th thegssusili Gemadval
conprises water; a peroxide oxidizer; a surface protective agent for
copper; a chehati ngriagentesdanhig af tst abéhchingotlhé abérvinbiopo2nto 9 as
a copper conpl ex;

of polishing, the removal rate of copper decreases.

Thus, it is understandable that to the terminal point of

10 polishing of the planar copper film polishing proceeds at

a usual removal rate, and when the terminal point of

polishing of the planar copper film is passed and the

copper wirings are reached, the removal rate of copper

automatically decreases, whereby dishing and erosion can

15 be prevented.

INDUSTRIAL APPLICABILITY
According to the present invention, it is possible
to obtain a semiconductor integrated circuit having an
20 excellently flat surface condition, such being very
effective for multi-layering or miniaturization of

semiconductor integrated circuits.



and a chelating agent B having a stability constant of at |east 10 as a
copper conplex. 20 3. The polishing conpound for copper wrings according
to Claim1, which contains fromO0.2 to 20 mass% of the peroxide oxidizer,
fromO0.001 to 1 mass% of the surface protective agent for copper, fromO.1
to 10 mass% of the first chelating agentggand fromO0.01 to 2 mass% of the
25 second chel ating agent. 4. The polishing conpound for copper wrings
according to aim1l or 3, wherein thg;eoppositional ratio (the 36 nass
ratio) of the first chelating agent to the second chelating agent is

within a range ofy AR ihd Q:o%(yu},d Rr gl ishi ngyeonpound for copper

wirings according "to Caim?2, which contains fromO. to 20 mass% of the 5

per oxi de oxi @&ﬁfpléé&%é%&ol d %elrcﬁ?iscﬁ@ Sidhasurf agerrprot ective agent
for copper, from0.1 to 10 mass% of the chelating agent A and from 0. 01

to 2 nmasse ofpldiectGRAl alddit aggntcdppd:; Hie RAddshing corpoungef 9F i copper
W rings accordl ng 10 to Caim2 or f wherein the conpositional ratio (the

mass ratig) efgddie svéleé@édlgfm@rﬁhew{&a@%&t@i@&m@ oROEMtHB-i6 Wthin a
range of from 2/1 to 100/1. 7. The polishing conmpound for copper wrings

according tadny, aRadiCaiie, hdid acher eticthe peiaximeldbeoxedazer is

hydr ogen peroxi de. 8. The polishing corrpound for copper wrings according

to any one ofox@ldidacid and fheneid ddied swrdce: least one second
chelating agent selected from the group consisting of
triethylenetetramine, ethylenediaminediacetic acid,

10 ethylenediaminetetraacetic acid, tetraethylenepentamine,
glycol-ether-diaminetetraacetic acid, trans-1,2-
cyclohexanediaminetetraacetic acid, o-phenanthroline, and
derivatives and salts thereof.

2. A polishing compound for copper wirings, which

15 comprises water; a peroxide oxidizer; a surface
protective agent for copper; a chelating agent A having a
stability constant of from 2 to 9 as a copper complex;
and a chelating agent B having a stability constant of at
least 10 as a copper complex.

20 3. The polishing compound for copper wirings according
to Claim 1, which contains from 0.2 to 20 mass% of the
peroxide oxidizer, from 0.001 to 1 mass% of the surface
protective agent for copper, from 0.1 to 10 mass% of the
first chelating agent, and from 0.01 to 2 mass% of the

25 second chelating agent.

4. The polishing compound for copper wirings according

to Claim 1 or 3, wherein the compositional ratio (the



protective agent for copper is a conpound having a structure of the
“formula (1): RN N N 20 wherein Ris a hydrogen atom a Cl_4 al kyl
group, a Cl.4 alkoxy group or a carboxylic acid group. 9. The polishing
conpound for copper wirings according 37 to any one of Clains 1 to 8,
whi ch further contains abrasive particles3é 10. The polishing conpound for
copper wirings according to any one of Clains 1 to 9, which further
contai ns s trisé¢hydaokyedhythant hoget bhatat hingnagentuntowtchbi Beaontdlange of
fromO0.01 to 10 mass% 11. A nethod for polishing a surface of a
sem conduct orché hdeimat edextr tai withihch cengei s€sfpohi gilngoaloégper film
formed on a surface having trenches for wiring, 10 using the polishing
conpound for EoppErewolhgsiag cdeponed Farangppae wirChgemsctordihng. 12. A
process for preparing copper wirings for a sem conductor integrated
circuit, whichocohpinszs whothshpongaangoppem Pi.RntboRfredasssaocsuthace
having is trenches for wiring, using the polishing conpound for copper
wirings as defénedida anydonerof fobmi As001t bol10, masesf ofntbeppur faicei ngs.

protective agent for copper, from 0.1 to 10 mass% of the

chelating agent A, and from 0.01 to 2 mass% of the

chelating agent B.

6. The polishing compound for copper wirings according

10 to Claim 2 or 5, wherein the compositional ratio (the

mass ratio) of the chelating agent A to the chelating

agent B is within a range of from 2/1 to 100/1.

7. The polishing compound for copper wirings according

to any one of Claims 1 to 6, wherein the peroxide

15 oxidizer is hydrogen peroxide.

8. The polishing compound for copper wirings according
to any one of Claims 1 to 7, wherein the surface
protective agent for copper is a compound having a

structure of the formula (1):

20

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

9. The polishing compound for copper wirings according



10

15

37

to any one of Claims 1 to 8, which further contains
abrasive particles.

10. The polishing compound for copper wirings according
to any one of Claims 1 to 9, which further contains
tris (hydroxymethyl)aminomethane in an amount within a
range of from 0.01 to 10 mass%.

11. A method for polishing a surface of a semiconductor
integrated circuit, which comprises polishing a copper
film formed on a surface having trenches for wiring,
using the polishing compound for copper wirings as
defined in any one of Claims 1 to 10.

12. A process for preparing copper wirings for a
semiconductor integrated circuit, which comprises
polishing a copper film formed on a surface having
trenches for wiring, using the polishing compound for
copper wirings as defined in any one of Claims 1 to 10,

to form copper wirings.





