-1 POLI SHI NG COVPOSI TI ON AND POLI SHI NG PROCESS The present invention
relates to a polishing conposition useful for an application to polish a s
conductor | ayer nade of copper in a sem conductor wiring process, and a
pol i shing process enploying it. In a sem conductor wiring process, it is
common firstly to forma barrier |ayer and a conductor |ayer sequentially
on an insulator |ayer having trenches. 10 Then, by chem cal nechani cal
polishing, at least a portion of the conductor |ayer |ocated out of
trenches (an outside portion of the conductor |ayer) and a portion of the
barrier layer |located out of the trenches (an outside portion of the
barrier layer) are renoved. is Patent Docunments 1 to 4 disclose polishing
conpositions useful for polishing to renove the outside portion of the
conductor |ayer when the conductor |ayer is nmade of copper. The polishing
conposi tion of Patent Docunment 1 20 conprises a pol yether type nonionic
surfactant having a 2 HLB value of from3 to 9, a polyether type nonionic
surfactant having a HLB value of from 10 to 20 and abrasive grains. The
pol i shing conmposition of Patent Docunent 2 conprises a tetrazole conmpound,
an acid such s as glycine and an oxidizing agent and may further contain a
wat er sol ubl e polyner or surfactant, as the case requires. The polishing
conposition of Patent Docunment 3 conprises a conpound having a heteroring
such as 10 quinaldic acid or benzotriazotel a surfactant such as a

POLISHING COMPOSITION AND POLISHING PROCESS

The present invention relates to a polishing
composition useful for an application to polish a

5 conductor layer made of copper in a semiconductor wiring
process, and a polishing process employing it.

In a semiconductor wiring process, it is common
firstly to form a barrier layer and a conductor layer
sequentially on an insulator layer having trenches.

10 Then, by chemical mechanical polishing, at least a
portion of the conductor layer located out of trenches
(an outside portion of the conductor layer) and a portion
of the barrier layer located out of the trenches (an
outside portion of the barrier layer) are removed.

15 Patent Documents 1 to 4 disclose polishing compositions
useful for polishing to remove the outside portion of the
conductor layer when the conductor layer is made of
copper.

The polishing composition of Patent Document 1

20 comprises a polyether type nonionic surfactant having a



sul fonate (an anionic surfactant), an oxidizing agent such as ammoni um
persul fate or hydrogen peroxi de, and abrasive grains such as silica. The
pol i shi ng conposition of Patent Docunent 4 conprises a conpound 15 having a
heteroring such as quinaldic acid or benzotriazole, a surfactant having a
triple bond such as acetylene glycol (a nonionic surfactant), an oxidi zing
agent such as ammoni um persul fate or hydr@gen peroxi de, and abrasive grains
such as silica, and may further 20 contai n_anmoni um dodecyl benzene sul fonate
(an ani oni c H&Br vadugnef &xomhé &&sé.r 8qivelastharpdlyipshnegie®isosi tion to be
used for polishing to renpve the outside portion of the conductor |ayer, is
required to REVEa5tansaseving PoHL&wWViRg Uews fpdrosy ddndes 2023nd1) To suppress
a phenonenon so-call ed dishing wherein the | evel of the upBer surface of
the conduct oRPTRE}¥E PERENS -asTRRePPOLERERI0FOTRESEEAARCPEr PREGBE 3 | ocat ed
in the trenches (the inside portion of the_ conductor. |layer) .is renoved. (2)
The stock reRBFHMeRLt & GP™PRE SEGnQusitF@ 2P Fe FOMRP I 53 ia)é:rﬁdri&%&rposi tion

is high, i.e. the renpoval 5 rate.af. tthe conductor, | ayer. by .t he polishin
composi 1iDn 2FsSAYGRICHORG 8P PHE-LFRs ARG e GRS II G CReTeIBTEd ih

Patent Docunenl ek 9ol T Sbaieey SRS UE LS sd e for marces and
Pat ent DOCU”%Q%u%ie%P'A'2006'49790 Pat ent Docunent 3: JP-A-2002-12854

The polishing composition of Patent Document 3

comprises a compound having a heteroring such as

10 quinaldic acid or benzotriazole, a surfactant such as a
sulfonate (an anionic surfactant), an oxidizing agent
such as ammonium persulfate or hydrogen peroxide, and
abrasive grains such as silica. The polishing
composgsition of Patent Document 4 comprises a compound

15 having a heteroring such as quinaldic acid or
benzotriazole, a surfactant having a triple bond such as
acetylene glycol (a nonionic surfactant), an oxidizing
agent such as ammonium persulfate or hydrogen peroxide,
and abrasive grains such as silica, and may further

20 contain ammonium dodecylbenzene sulfonate (an anionic
surfactant) as the case requires.

A polishing composition to be used for polishing to
remove the outside portion of the conductor layer, is
required to have at least the following two performances.

25 (1) To suppress a phenomenon so-called dishing
wherein the level of the upper surface of the conductor

layer lowers as the portion of the conductor layer



Pat ent Docunent 4: JP-A-2002-256256 1s It is an object of the present
invention to provide a polishing conposition which is particularly useful
for an application to polish a conductor |ayer nade of copper in a

sem conductor wiring process, and a polishing process enploying it. 20 To
acconplish the above object, the present invention provides the follow ng:
1. A polishing conposition conprising an &ni-onic surfactant and a nonionic
surfactant, characterized in that the conposition is prepared so that the
wat er 25 contl@Eetgfgre She heedighescd toe dRsdisie ®O1d Be Foltithed, after
bei ng poli shed t he ﬁpgpozition, woul d be at nost 60. 4 2. The polishing
conposi tion & F déYete d5oF&™O¥ediherein the anionic surfactant

R X1 YL whor oi HORENS SRV BT g 2 28 WTDAR G b Sirean
| k I X1 i .pol. t hyl . I I
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group. 3._The _poalishing co sj.tion _according to the.above 10 2, wherein Y1
in the anfonis R u th%ntcorﬂg?% 5%s Ilt?@fée ofYa t%(?alpno&fﬁqlélgacqodfpoﬁlotslp%r ic

act
aci d, phosphqrsmrlls_L %ci d, sulfuric acid, sulfurous acid or a salt thereof. 4.
The polishing con'gos'i tion according to any one of the above 1 to 3, wherein

t he nonionic surf@%r'i qzh%o%&%sniq{ Iéﬂﬁo -n@i&pm%%lésegéeﬁgnt ed by the
chem cal fornmula R2-XZ, ‘wherei™n IS An 2 yl~ group, an
Patent Documents 1 to 4 do not fully satisfy such
required performances and still have rooms for
10 improvements.

Patent Document 1: JP-A-2006-49709

Patent Document 2: JP-A-2006-49790

Patent Document 3: JP-A-2002-12854

Patent Document 4: JP-A-2002-256256

15 It is an object of the present invention to provide
a polishing composition which is particularly useful for
an application to polish a conductor layer made of copper
in a semiconductor wiring process, and a polishing
process employing it.

20 To accomplish the above object, the present
invention provides the following:

1. A polishing composition comprising an anionic
surfactant and a nonionic surfactant, characterized in
that the composition is prepared so that the water

25 contact angle of the surface of an object to be polished,

after being polished by the composition, would be at most

60°.



X2 is a pol yoxyet hyl ene group, a pol yoxypropyl ene group or a

pol y(.oxyet hyl ene- oxypr opyl ene) group, and having a HLB value of from1l0 to
16. 20 5. A process for polishing an object to be polished, conprising an

i nsul ator layer having trenches, and a conductive |ayer nmade of copper
formed on the insulator |ayer, said conductive |ayer having an outside
portion |ocated out of the trenches and &n-inside portion |located 25 in the

trenches, which process conprises a step,of renoving the mgjority of the
outside portion & t R8€ POAASELBE FRFBPSBY 1PH PSKORG IR ﬁaeaﬁileofabgve
prelimnary 5 ggishing conpaQsi t.ion, gnd a step of renovi the rest of
the outside por"BEFeI the P Co P YrLFGT A\ ﬁ&q%% atb& S the

l'i shi iti def i ' .of .t b 4,
Fini oh pol | SADRG S EhAGeererboth PHof B Ao SRaN R Ay nais Sing
ition. Q. Li_shi. iti ' H of, .f 2.1 9 and
Compr i ng at ki ¥el YT IR B G0 a A0t TP o B RO AR R

formula R1-YL RL- X -Y1' ., 10 rei_n RL i.s an alkwyl qraou an al kyl phenyl
group orR%n %glgéhfﬁképgﬁp?rg% V?QQ 6glfb ﬁ%ﬁﬁﬁ%ﬁ%&%}%ﬁﬁxgé?up' a
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formng 15 a i t t i.oni_c _surf ,1&E%- east one
noni oni ¢ sur%%ﬁ?qlgéggsgrnto%?’b%%toﬁglcﬁesma}alar&fggﬁ%ulfa -]%gj,ahwher ein R2

is an al kyl GO and X2 is a polyoxyethylene group, a polyoxypropyl ene
group or a poly(oxyethyl ene-oxypropyl ene) group, and having a HLB

3. The polishing composition according to the above

10 2, wherein Y1 in the anionic surfactant is a residue of a
carboxylic acid, phosphoric acid, phosphorous acid,
sulfuric acid, sulfurous acid or a salt thereof.

4. The polishing composition according to any one of
the above 1 to 3, wherein the nonionic surfactant

15 contains at least one compound represented by the
chemical formula R2-X2, wherein R2 is an alkyl group, and
X2 is a polyoxyethylene group, a polyoxypropylene group
or a poly(oxyethylene-oxypropylene) group, and having a
HLB value of from 10 to 16.

20 5. A process for polishing an object to be polished,
comprising an insulator layer having trenches, and a
conductive layer made of copper formed on the insulator
layer, said conductive layer having an outside portion
located out of the trenches and an inside portion located

25 in the trenches, which process comprises a step of
removing the majority of the outside portion of the

conductor layer by polishing by means of a preliminary



20 value of from10 to 16. 7. The polishing conposition according to the
above 6, wherein the average nunber of repeating units in the

pol yoxyet hyl ene group, the pol yoxypropyl ene group or the

pol y(oxyet hyl ene- oxypropyl ene) group in the nonionic 25 surfactant is from?2
to 20. 8. The polishing conposition according to the above 6 or 7, wherein
t he average nunber of repeating units in 5 6 the pol yoxyethyl ene group, the
pol yoxypr opyl ene group or the poly(oxyethyl ene-oxypropylene) group in the
anioni ¢ surPatighingscarrapitien, gantha Egﬁpsﬁifnée@@?fﬁagi thenraeéoPding to
any one of 5 the abpve 6 to.8, wherein ML_.in the_anionjic surfactant is a
pot assi um catPBnOUERIARNBAT hkPRaPf oRher CORINAFRE La¥PEnPY POliAbadRgcess for
pol i shing an ob%ect to_be goli hed, conprising an insul ator | ayer having
trenches, anBYa"$®"gonfuthfvBoli§Bingade BPS&BSBBraFo REANSA tRe2M¥sul at or

| ayer, said condugtive |layer having an outside portion .located out of the
trenches and®3f PhsFg §§¥Y?oﬁ FBCgteas Pntthes rBﬂéﬁ@Q}nﬁhich process

conprises a step of .renqyi th jori of the.outside.portion of the 15
conduct o | a§BFBBY L FbPRaNE ROoEs e AReof 1 BFEIARAAAFY PRAPAEAPTg
conposition, _and a. teﬁ of renoving the rest of the outside portion of the
conduct or |a§8WP8§1§6? shing by neans of the polishing conposition as

def ined 10 any, g1 Srodliecabouectuiocde 83 Aalialol pa' Lankng,20 «

conposi tion different_?ron1 ﬁ%gpre_ ry polrs composi 1 of. 3ccording
to the presegtahgvggﬁb9§siﬂgp8£'%Qégg one anionic surfactant

represented by the chemical formula R1-Y1l’ or R1-X1-Y1’,
10 wherein R1 is an alkyl group, an alkylphenyl group or an
alkenyl group, X1 is a polyoxyethylene group, a
polyoxypropylene group or a poly(oxyethylene-
oxypropylene) group, and Y1’ is a SOs;M1 group or a SO4;M1,
wherein M1 is a counter ion, a protection film forming
15 agent different from the anionic surfactant, and at least
one nonionic surfactant represented by the chemical
formula R2-X2, wherein R2 is an alkyl group, and X2 is a
polyoxyethylene group, a polyoxypropylene group or a
poly (oxyethylene-oxypropylene) group, and having a HLB
20 value of from 10 to 16.
7. The polishing composition according to the above
6, wherein the average number of repeating units in the
polyoxyethylene group, the polyoxypropylene group or the
poly (oxyethylene-oxypropylene) group in the nonionic
2s surfactant is from 2 to 20.
8. The polishing composition according to the above

6 or 7, wherein the average number of repeating units in



conposition particularly useful for an application to polish a conductive
| ayer. nmade of copper in a 25 sem conductor wiring process, and a polishing
process enploying it, are provided. 7 - In the acconpanyi ng draw ngs: Figs.
1(a) to 1(d) are cross-sectional views of an object to be polished, to
illustrate a sem conductor wring process. 5 Fig. 2 is a cross-sectional
view of an object to be polished, to ill @strate dishing. In the draw ngs,
reference nuneral 11 represents a trench, 12_an insulator |ayer, and 14 a
conduct or | af&f. PORYRXYEREYREBSe HE OBy e Mo ROMYPKYPE CBYLEFCH &FOUP £F det ai
W th referencg to preferre nmbodi ments. _Firstly, the s%g%conductor W ring
process will “BE PRe¥dPrysthyiener erypPEnp¥lee i@éPuP &) PO Y the

sem conductor wi_rin rocess usually conprises the followi ng steps. is
Firstly, as §H6ﬁﬁcF%nEid? #tajtosk Barrier layer 13 and a conductive |ayer

14 tialg d i nsul ator | 12 .having trenches 11,
Formed on & semceondOE B SHBAParE PROE CARBuRF CORRAED. ED PBYRECRORT of the

conduct or | ayer rmed .20 .qn th% i nsul at.or | ayer

| aver 1 th arrier i.s f
Ot over “FRE BBerElE B Bl clmeRESh il 1P, AR08 s ALY |

barrier |ayer i.S.:les t : the.tre .. Following the
formation ofatﬁé% g%ﬁi@r%ﬁgggg’lgs gﬁﬁggﬁﬁhhgggﬁo g§2§%1§ '€ ormed on the
barrier layer,;13gt least to 25 enbed the trenches 11. Thereafter, by

chem cal nechanical’ polishing, at
10. A process for polishing an object to be polished,

comprising an insulator layer having trenches, and a

10 conductive layer made of copper formed on the insulator
layer, said conductive layer having an outside portion
located out of the trenches and an inside portion located
in the trenches, which process comprises a step of
removing the majority of the outside portion of the

15 conductor layer by polishing by means of a preliminary
polishing composition, and a step of removing the rest of
the outside portion of the conductor layer by polishing
by means of the polishing composition as defined in any
one of the above 6 to 9, as a finish polishing

20 composition different from the preliminary polishing
composition.

According to the present invention, a polishing
composition particularly useful for an application to
polish a conductive layer made of copper in a

25 semiconductor wiring process, and a polishing process

employing it, are provided.



| east a portion of the conductor |ayer 14 |ocated out of 8 the trenches 11
(the.outside portion of the conductor |ayer 14) and a portion of the
barrier layer 13 located out of the trenches 11 (the outside portion of the
barrier layer 13) are renmoved. As a result, as showmn in s Fig. 1(d), at
| east a part of a portion of the barrier |ayer 13 located in the trenches
11 (the inside portion of the barrier lFayer 13) and at |least a part of a
portion of the conductor |layer 14 |located in the trenches 11 (the i nside
portion of the cdfddittor ICHERYARINIRYAGFEn on 10 the insul ator |ayer 12.
Nanely, a part of_.the rrier _layer 13 and a part, of the conductor |ayer 14
WIT Lermino i nofd@3ha B fonds BT arth T oSS O O ctuct o
| ayer 14 remajning inside the trenches, will functiagn as,awiring. is In
a case where® 9e8ﬂeﬁPc £ R@gﬁgthaltﬁoF%iHFﬁﬁ?t 2 [SERSCPR TR si de portion
of the conductor layer 14 and the outside portion of the barrier |ayer 13
are to be r&ibvEH PFPFSEPy the majority of the outside portion of the
conductor_|l ayer 14 is.renoved,_as shown.in Eig.. 1(b 20 Then ) own in
Fi g. 1(c)5, t he rjerltg’of2 t'1ve “odt's1 e_seﬁézrltoln@r%‘ g’flet‘“ﬁegfcoar%uoc joercq ayoer 4 is
renoved to eéggig ehhetgpgﬁﬁugg&%@%edgg -g% out side portion of the barrier
Per/ in Fig. f% ,

| ayer 13. Therea as shown the outside portion of the

barrier layer 134s tm%n?é%fqﬂia%sgx%%%%%g%ml S ftaéi%]égeﬁt{kf’ | nsul at or

layer 12 and to obtain | surface at the same time. “The polishing
conposition efchRf PRESER igl@{l%tt'o‘%“ 18yelS usel Ul fOedidMg SRS

conductor layer 14 in such

Now, the present invention will be described in

10 detail with reference to preferred embodiments.

Firstly, the semiconductor wiring process will be
described with reference to Figs. 1(a) to 1(d). The
semiconductor wiring process usually comprises the
following steps.

15 Firstly, as shown in Fig. 1(a), a barrier layer 13
and a conductive layer 14 are sequentially formed on an
insulator layer 12 having trenches 11, formed on a
semiconductor substrate (not shown). Prior to formation
of the conductor layer 14, the barrier layer 13 is formed

20 on the insulator layer 12 to cover the surface of the
insulator layer 12. The thickness of the barrier layer
13 is less than the depth of the trenches 11. Following
the formation of the barrier layer 13, the conductor
layer 14 is formed on the barrier layer 13 at least to

25 embed the trenches 11.

Thereafter, by chemical mechanical polishing, at

least a portion of the conductor layer 14 located out of



sem conductor wiring process in a case where the conductor |ayer 14 is nmade
of caopper. Mre specifically, it is particularly suitable for use in
polishing the rest s of the outside portion of the conductor |ayer 14 after
the mpjority of the outside portion of the conductor |ayer 14 has been
removed. The polishing conposition according to the first enbodinment of the
present invention is prepared by m xi ng- 8o-predeterm ned anounts of an
anioni c surfactant and a nonionic surfactant with water so that the water

contact angFBeofreRehegr tacdthbe sHtEBrecPorsins RSl tike FOrMSECT pei ng

pol i shed by ans of the polishing conposition, , woyld be _at nost 60,
preferably aggﬁﬁ§t1&%0?nﬁnﬁepp§t588f8ﬁa5;? bﬁrﬁﬁ§F GYe¥nhd 3ardiosmted

surfactant contained in the polishi conmposition of. the first enbodi nent
s ot anct L ntegRoEneorEBReRgs L Jns oERSaHe RETIAFIes GH he conduct or

| ayer 14 in a H.range_ of ﬁ m_neut r al ta acidic to f? m 20 ay rotecting
fi1m in thePBREABRGRSEPTS Fam RBGL FEMOVE-achdi €, TERRLE r FRCEPRBReRbI al —of

t he conduct or,.l ayer, ,14 e _of copper i osi tive. Therefore, _an_anion
o e Okigr Y Tl Y aloigagk BPBRRE GF Bopbkiien MECHROkEnARAN 00 |
the surface gf Lhe gondustan Layer 14, a0fea 35 NYdronhonis portion of the
ani oni ¢ surf act ant mﬁﬂ %e | 6cat ed aFesﬁeegi € opposite 0 ?ﬁe surface of

the conduct 8t Lagepatiscposgdingly heasunkage of e 10 prghagiion f1im

by such an anioni ¢ sur n S ydrophobicity. cée a ctlonr#iln1by

the anionic oguEE@CEéﬂhubﬁoEoﬁg§Qroﬁ4Fﬁ%c%%rhagﬁ et REGRAAAUCHAr (dhyer 14,

the affinity between the abrasive grains an
inside portion of the conductor layer 14) will remain on

10 the insulator layer 12. Namely, a part of the barrier
layer 13 and a part of the conductor layer 14 will remain
inside the trenches 11. Thus, the portion of the
conductor layer 14 remaining inside the trenches 11 will
function as a wiring.

15 In a case where by chemical mechanical polishing, at
least the outside portion of the conductor layer 14 and
the outside portion of the barrier layer 13 are to be
removed, firstly the majority of the outside portion of
the conductor layer 14 is removed as shown in Fig. 1(b).

20 Then, as shown in Fig. 1(c), the rest of the outside
portion of the conductor layer 14 is removed to expose
the upper surface of the outside portion of the barrier
layer 13. Thereafter, as shown in Fig. 1(d), the outside
portion of the barrier layer 13 is removed to expose the

25 upper surface of the insulator layer 12 and to obtain a
flat surface at the same time.

The polishing composition of the present invention
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conductor layer 14 by the polishing conposition decreases.
ssive renoval of the inside portion of the conductor |ayer
ressed, and dishing (see Fig. 2) will be io suppressed. The

actant contained in the polishing conposition preferably
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| east one conpound represent@-by the chemical formula R -Y1 or

R1- X1-Yl, wherein_Rl is an al kyl group, an al kyl phenyl grouyp or an is
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e anionic surfactant in the s polishing conposition has a close

h 1 NéheS PRAMETSINGN CQ)fmﬁdJS%JylPﬂl %&ﬂ?ﬁrﬁ QK dimpalsy ate. 1f it

, nho adequate protection filmto strongly
embodiment of the present invention is prepared by mixing

predetermined amounts of an anionic surfactant and a
nonionic surfactant with water so that the water contact
angle of the surface of an object to be polished, after
being polished by means of the polishing composition,
would be at most 60°, preferably at most 45°, more

preferably at most 30°.

The anionic surfactant contained in the polishing
composition of the first embodiment has a function to be
electrically adsorbed on the surface of the conductor
layer 14 in a pH range of from neutral to acidic to form
a protecting film. In the pH range of from neutral to
acidic, the surface potential of the conductor layer 14
made of copper is positive. Therefore, an anion group as
a hydrophilic portion of the anionic surfactant will be
bonded to the surface of the conductor layer 14, and a
hydrophobic portion of the anionic surfactant will be
located at the side opposite to the surface of the

conductor layer 14. Accordingly, the surface of the



suppress excessive polishing of the conductor layer 14 wll be forned on
the surface of the conductor |ayer 14, io whereby dishing may not be
sufficiently suppressed. Wth a view to suppressing the dishing nore
strongly, the content of the anionic surfactant in the polishing
conposition is preferably at least 0.01 g/L, nore preferably at |east 0.03
g/L, nore preferably at Ieast is 0.05 gf10further preferably at |east 0.08
g/ L, nost preferably %& 0.1.g/L. On the oth% hand, .if the content

of the anlonPEO§SFFé8Paﬁﬂ Wn héu581?§hﬁﬁd°n&8nﬁ QE?WtshFﬁb | arge, the

rotection f excessively on e of .t he conduct or
Fayer 20 14, h%ﬁé?@bﬁbﬁgﬁthln nS? ?h@rgéﬁﬁﬁﬁ?%r£ g@eg gﬁﬁAPP188 Csuppr essed
too much. In_or ger t o, mai_ntain the s noval %' of the .conductor

| ayer 14 by £hé SSFanﬁlﬁg 85@6859?1 t&“ﬁ aﬁlgﬁf SEMEREDSt ¢ he
ani oni c surflgg Bﬁzl'nthléea@% h| n%fe% n’% |tth|eog r%sgrveefg al:_;LI %f‘d% nost 10
ur

g/L, nore pré y 'at” oS preférably g/L, still
further pfefepably, gt Mgt fed c%hh %B%tl %Eeﬁ%bb%d¥éégﬁg gl%iQ/%’ 12

When t he anionic sur%actant contained 1n tﬁg O|IS i ng conﬁosf}lon cont ai ns

a_conpound r gpregeptad By (Lihe %@e%h%abo a&%%b@ L Y dyiqgverage nunber

of repeatlng units 1 n as a cl ose ation t he netal corrosi on at

the wiring eggqleﬂahgoaohgofsq%1%9n@%%tr%asesayeAs1é reguu | 8xk@QskgLge,

metal corrosion so-c slit 1s likely to occur at the wring edge
portion. WtRemdvhhewrt @haURRER! ROFRLAl oF0hesichdrictidie 1M/d g sedge

portion, the average nunber of repeating units in X1 is 10 préferably at
nost 6, norewpnef eeabhyppres@est, 4ndeSkhing (see Fig. 2) will be

10 suppressed.

The anionic surfactant contained in the polishing
composition preferably contains at least one compound
represented by the chemical formula R1-Y1l or R1-X1-Y1,
wherein R1 is an alkyl group, an alkylphenyl group or an

15 alkenyl group, X1 is a polyoxyethylene group, a
polyoxypropylene group or a poly{oxyethylene-
oxypropylene) group, and Y1l is an anionic functional
group. The anionic functional group for Y1 is preferably
a residue of a carboxylic acid, phosphoric acid,

20 phosphorus acid, sulfuric acid, sulfurous acid or a salt
thereof. The counter ion contained in the anionic
functional group is not particularly limited and may, for
example, be an ammonium cation, an amine cation or an
alkali metal cation such as a lithium cation, a sodium

25 cation or a potassium cation. Among them, with a view to

improving the stock removal rate of the conductor layer

14 by the polishing composition, preferred is a potassium



preferably at nost 2. The nonionic surfactant contained in the polishing
conpesition of this enbodi nent has a function to be adsorbed on the

hydr ophobi ¢ surface of the protection is filmby the above anionic
surfactant to forma protection film The hydrophobic portion of the

noni oni ¢ surfactant w1l bond to the hydrophobic surface of the protection
filmby the anionic surfactant, and the hyHrophilic portion of the nonionic
sur f act ant mnll be | ocated on t he 20 side opposi.te to the hydrophobic
surface of tfigt 1BP0t@EtF8W°FFPW159tPHE Sﬁ|8ﬁ|8m§ﬂFf§@FéﬁP ¢Fefore, the
surface of the Erotegtlon fil é t he ngnlonlc rfa%b ntlforned on the
hydr ophobi ¢ BGFt §E&<8f 1£h8" 6?89 etV Ee FPH\8§ Fh TARCORPE- 80 &ct ant has 25
hydr ophi l'i ci Chce g 88 tectlon fil nonioni¢c. .surfactant is

formod on ¢ heSEGPonABE: 8L, PEEEFotas éPZF@@PP&HmfFP&ISy the ani onic

surfactant, the f|n| e en_t.h abr S|ve in nd t he surface of
t he conductor Ig§er % O%ekg% Pgﬁg %hg s?bgk renoval rate of

the conduet opol 3Rt nldc gxggggteeh'ﬁgﬁng c§8 St L0 Ly e chgoroved. s 2

result, an eXCesSsive~s rease of e stoc reanaI rate of e conduct or

layer 14 byg pggeggaaﬂleg aggngﬁgtaaa_@ﬂe EQoE?ar%E%v%ﬁ te o abpye; ani onic

sur fact ant V\A € Suppresse noni oni ¢ sur ctant contained In the

pol i shi ng cggpeébtlsfaamreheraale&ug@etg&e%eéftlbﬁa%&mn%ocgm@q 10
represented by the chem cal formila R2-X2 and having a HLB val te of from 10

to 16. Fbre,sﬁgpkésﬁneﬁbg¥klgéOP Blis@Rd X%f'%h% Rehyexyethyla¢ae guoup, a
pol yoxypropyl ene group or a poly(oxyet erne oxypropyl ene) group, and Y1
will be formed on the surface of the conductor layer 14,
10 whereby dishing may not be sufficiently suppressed. With
a view to suppressing the dishing more strongly, the
content of the anionic surfactant in the polishing
composition is preferably at least 0.01 g/L, more
preferably at least 0.03 g/L, more preferably at least
15 0.05 g/L, further preferably at least 0.08 g/L, most
preferably at least 0.1 g/L. On the other hand, if the
content of the anionic surfactant in the polishing
composition is too large, the protection film will be
excessively formed on the surface of the conductor layer
20 14, whereby polishing of the conductor layer 14 will be
suppressed too much. In order to maintain the stock
removal rate of the conductor layer 14 by the polishing
composition to be high, the content of the anionic
surfactant in the polishing composition is preferably at
25 most 10 g/L, more preferably at most 5 g/L, further

preferably at most 1 g/L, still further preferably at

most 0.5 g/L, most preferably at most 0.3 g/L.



is an anionic functional group. X2 is preferably a 15 pol yoxyet hyl ene group.
Nanel.y, the nonionic surfactant contained in the polishing conposition
preferably contains a pol yoxyethyl ene al kyl ether. The content of the

noni oni ¢ surfactant in the polishing conposition has a close relation with
20 suppression of the decrease of the stock renobval rate and suppression of
dishing. If it is too small, the excessiilté decrease of the stock renoval
rate of the condyctor |ayer, 14 ma t be stron ppressed. Wth a view
to suppressing t HESX iR PekS ‘?ﬁ e %Q%%(%'%é' ﬁ’r‘ro%? rate of the
conduct or Iaéer 14 nore strongly, the content of the nonionic su factant in

the pol i shi n@°%d 6’§ tcioér}Pcissl i é:roéﬁﬁag}naﬁ 3 SEPJTH @&resrf-’d} pY

Pt of or abl 3 at Pt Py Tl ROt (el ot e, it ot P”fh
preferably a ay e o e
noni oni ¢ surfa targlﬂ n th s pl%l |Xslh| g cor(r:}iom tlre d tOOWlItaH gceh a%tl on
to s suppress ah J’t 2 7Ani‘oni ¢ sUr fact ant anatlt protec i"On
ELL$f°Lﬂ%?ﬁ€?’gf M Rl e T BT
conduct or fﬁ]maylga&teeasd@ssega@ﬁ e hided1vLeY b SPRLEESAGALO

di shi ng m)re s e content o e’'noni oni c surflact ant 1Tnth

pol i shing Corgm' t'sori hE IR ALY e LA lea ﬂféﬁrawﬂehat most
10 g/L, further preferab y at nost 5 g/L, nost pre y at nmost 3 g/L.

The noni oni ¢ SWifRE s ERIHA I8t infddie Ralishi ig aﬂ str&‘@mpﬂsiﬁ Qu this
enbodi nent has a physical "paraneter so-called a cloud point. is cloud
point has a @A%8on, the average number of repeating units in X1 is
10 preferably at most 6, more preferably at most 4, most
preferably at most 2.

The nonionic surfactant contained in the polishing
composition of this embodiment has a function to be
adsorbed on the hydrophobic surface of the protection

15 film by the above anionic surfactant to form a protection
film. The hydrophobic portion of the nonionic surfactant
will bond to the hydrophobic surface of the protection
film by the anionic surfactant, and the hydrophilic
portion of the nonionic surfactant will be located on the

20 side opposite to the hydrophobic surface of the
protection film by the anionic surfactant. Therefore,
the surface of the protection film by the nonionic
surfactant formed on the hydrophobic surface of the
protective film by the anionic surfactant has

25 hydrophilicity. Once the protection film by the nonionic

surfactant is formed on the hydrophobic surface of the

protection film by the anionic surfactant, the affinity



relation with the intensity of the corrosive action of the polishing
conpesition. If the cloud point of the nonionic surfactant contained in the
pol i shing 20 composition is too high, the corrosive action of the polishing
conposition is likely to be excessively intensified. Wth a viewto
inhibiting the excessive increase of the corrosive action of the polishing
conposition, the cloud point of the nontoh$c surfactant 25 contained in the

pol i shing co sition HkS ferabl nDst erably at nost
EOC, “ost pr BRCHEsRy L, Rser1y8eat s nerAEh e f ThASL L PloHepeat  ng uni s

in X2 in the_ _nan nlclsurfa t ant, .cont ai.ned |n the O|IShE 05|t|on
has a close F& |§ﬁr Fﬁefh s3ﬁ&g |tﬁ & tﬁé A gghf in
t h f d t dl
e ol Ahgb A FRL g e AMOE S azﬁz%m%“.@ Sy
fact ant f
oref or abl y 'at@o}‘*%%%{%%ﬁowﬁéﬁr B AR pEoRrRES R Rh ok%eééﬁ;'%d T

the average }Q Q‘é’é*%"er o thePeRIIRI U1 RaX2 'o’?f the Q‘B’Hﬁmt%r S fact ant

contalned in the poli shing conposition is too |arge, corrosion is

[ikely 10 0cqur bl (HAC 1Ihd neP YRR idhel 0 GHIULIOTLA ayr 14. With

a viewto suppréessing netal corrosion at the wring edge port|on 15 the

average numbehQk LeRSALNGuHAlR ant %%1USH@“%d§F¥@§éeéﬂ nost 20, nore
preferably at nost 15, nost preferably at nost The HLB val ue of the

noni oni ¢ surfact aHe ¢RIHIINIR] surEdd@MOldHH LI LP MO Hd Poesh engl Ose
relation with
composition preferably contains at least one compound
10 represented by the chemical formula R2-X2 and having a
HLB value of from 10 to 16. Here, R2 is an alkyl group,
and X2 is a polyoxyethylene group, a polyoxypropylene
group or a poly(oxyethylene-oxypropylene) group, and Y1
is an anionic functional group. X2 is preferably a
15 polyoxyethylene group. Namely, the nonionic surfactant
contained in the polishing composition preferably
contains a polyoxyethylene alkyl ether.
The content of the nonionic surfactant in the
polishing composition has a close relation with
20 suppression of the decrease of the stock removal rate and
suppression of dishing. If it is too small, the
excessive decrease of the stock removal rate of the
conductor layer 14 may not be strongly suppressed. With
a view to suppressing the excessive decrease of the stock
25 removal rate of the conductor layer 14 more strongly, the

content of the nonionic surfactant in the polishing

composition is preferably at least 0.01 g/L, more



20 suppression of the decrease of the stock renoval rate and suppression of
di shieng. If it is too |ow, the excessive decrease of the stock renoval rate
of the conductor layer 14 may not so strongly be suppressed. Wth a viewto
suppressi ng the excessive decrease of the stock renmoval 25 rate of the
conductor |ayer 14 nore strongly, the HLB value of the nonionic surfactant
contained in the polishing conposition-is4preferably at |east 10, nore 16

preferably at |east 10.5, further preferably at |east , nost preferably
at |east 11.BYeER*ehdYobher eRENd0 0P BHL HCES BFGd SR jlﬁ’e atorisiiitc

surfactant cgntained in the olishing.c ositigon is toq high, e action
to suppress g'aigg'ngmﬁf%tﬁge'ﬁFéﬁﬂg r g%? nt® - n&fihe §PngEFP%Her

occur Cwit noBaDRawiEs thish EPBL R Of ThengoHS AT B A MBS al ve of
t he nonionic_surfactant. in the pol.ishing-caonposition i.s preferably at nost
16, 10 nore BPUASPABEy COrPRsitios i) Pt aRr o XS Y I MOC 14, nost

f bl 3.5 .k HLB :val. f i oNi f
pref rably ol sl it aieny Mo bB e el-eheonianis suriactan may

exanpl e I'n metho pol i'shi ng conposi tion of

thi s, embodi Maobe L eBce! @aRl LobliiLBe RO 33 kliPLEe U ol T O i g

agent. The otection filmformn t has a i on e absorbed on

the surface ghctRe,condughor .i:sabi‘i'i{ej.tﬁ/_ 0 Jeiip a ?ﬁﬁ:ﬁ%&i Oppkl 513‘111‘8? has

surface of this protection~filmby this protection n}fornlng agen :
20 hydrophobi¢i e ?%g%shﬁﬁgpkgh?%%ﬁQﬁdH|ﬂg BY1LiRe dMOlREH o | m form ng

agent is fornmed on surface o the conducCtor |ayer 14, the affinity
between the abias V& may rather decrease. With a view to suppressing
10 dishing more strongly, the content of the nonionic
surfactant in the polishing composition is preferably at
most 20 g/L, more preferably at most 10 g/L, further
preferably at most 5 g/L, most preferably at most 3 g/L.
The nonionic surfactant contained in the polishing
15 composition of this embodiment has a physical parameter
so-called a cloud point. This cloud point has a close
relation with the intensity of the corrosive action of
the polishing composition. If the cloud point of the
nonionic surfactant contained in the polishing
20 composition is too high, the corrosive action of the
polishing composition is likely to be excessively
intensified. With a view to inhibiting the excessive
increase of the corrosive action of the polishing
composition, the cloud point of the nonionic surfactant
25 contained in the polishing composition is preferably at
most 90°C, more preferably at most 50°C, most preferably

at most 35°C.



grains and the surface of the conductor |ayer 14 decreases, and the stock
renovwal rate of the conductor 25 |ayer 14 by the polishing conposition
decreases. As a result, excessive renoval of the inside portion of the
conductor layer 14 will be suppressed, whereby dishing 17 - wll be
suppressed. The protection filmform ng agent contained in the polishing
conposition nay be benzotriazole or a behzotriazole derivative. The

i ves member ed 11U GUARIEL RIS S GHRRARLT SIHA O GRS, W
agent  cont ai REBSPRAENE AP ey CCEUIOa 1on e SRIEEBIS benzot ri azol o

of bonzot 1| asBTEPE ERI<Fo % ha ot FAQECIPT R U1 GHueL ey Ly BF and
Lo the sur f S8 BPRIRE TR0 RAFECR Ty oFF PAThid Shndbqiint Py, STRALr e Surf ace

has hydr ophobigl LnsLasthe el aetion JLidindy . Jbsnag) gl deri vt ive,

the five-menbered ring portion enzotriaz Ivative 17s bonded to

the surface éﬂ%.%etrhe ﬁ?EHUQtQFe%a)fSr il]léreﬁggnégghgegégggiﬁii@g Ber Tthg” of the

benzotri azol erivative 1s [ocated at the s 2 osite to t surface

of the condugiolich¥elsuldacilihiely ARSI e fasduul: i cigy. The

content of t protection filmformng agent in the polishing conposition

has a close &%bé%EQ&gVthﬁt%h%n 206Gk § ab13t @rANGSHPR eswin of
dishing. If it is 25 too small, no adequate protection filmto strongly
preferably at least 3. On the other hand, if the average
10 number of repeating units in X2 in the nonionic
surfactant contained in the polishing composition is too
large, metal corrosion is likely to occur at the wiring
edge portion in the conductor layer 14. With a view to
suppressing metal corrosion at the wiring edge portion,
15 the average number of repeating units in X2 is preferably
at most 20, more preferably at most 15, most preferably
at most 10.
The HLB value of the nonionic surfactant contained
in the polishing composition has a close relation with
20 suppression of the decrease of the stock removal rate and
suppression of dishing. If it is too low, the excessive
decrease of the stock removal rate of the conductor layer
14 may not so strongly be suppressed. With a view to
suppressing the excessive decrease of the stock removal
25 rate of the conductor layer 14 more strongly, the HLB

value of the nonionic surfactant contained in the

polishing composition is preferably at least 10, more



suppress excessive polishing of the conductor layer 14 wll be forned on
the surface of the conductor |ayer 14, 18 whereby dishing nay not be
sufficiently suppressed. Wth a view to suppressing dishing nore strongly,
the content of the protection filmform ng agent in the polishing
conposition is preferably at least 0.001 g/L, nore s preferably at | east
0.01 g/L. On the other hand, if the contéat-of the protection filmformng

agent in the | i shi_ng conpositiaon is too. large, the protection film wll
be excessi veWp &rﬁg&yor"i‘tt Hgasgﬁr flé)cés'offutrﬁ@ercg’rﬁ&t e ivaidy 1ERStdreby

polishing of the conductor, 10 |agyer 14 tends _to, be excessjvely supptessed.
n or der to REEnEEEASEADL G5k IFEv A at cOB EhRe CEORTULABR| oFTEA by
e Pol | SNl nagSOTRSRL L0 1 Reli e I sonlnt et e gl on

g/L, more pr ];o%][i%}?lli%ﬂgyic?)lrjn%tosq%ﬁtono'izs QJOIO' hggg’i,p@ﬂes r;1:1iCQ:g;Lo O%?_ﬁéeéﬂp%so this

enbodi nent efera thér "contal ns an di zi'ng agen ox1 di zi ng

t h | idize t I : t
prove the SLOTE PRy o0 ST e o TRe ConkusTer Ty e AT Ty The pol i shi ng

conposi tion. ARG @r‘?”iﬂyg%g%gﬁmisc%tk@l 4d bd Brapoliiriidig, "Q}svﬁﬁ' on may

be a peroxide such as hydr n peroxide or anmonium persul fate. W a view
to reducing jEEh3haQNtRNiRation Rchhg 99@@%50gunggeslﬂg%i%tihbbut abl e

to an oxidi zi ng agent, hydrogen peroxide is preferred. If the confent of
the oxi di zi ngA@et ohdiRe e HLB value of the nonionic surfactant
in the polishing composition is preferably at most 16,
10 more preferably at most 15, further preferably at most
14, most preferably at most 13.5. Here, the HLB value of
the nonionic surfactant may be obtained, for example, by
a Griffin method.
The polishing composition of this embodiment
15 preferably further contains a protection film-forming
agent. The protection film-forming agent has a function
to be absorbed on the surface of the conductor layer 14
to form a protection film. The surface of this
protection film by this protection film-forming agent has
20 hydrophobicity. Once the protection film by the
protection film-forming agent is formed on the surface of
the conductor layer 14, the affinity between the abrasive
grains and the surface of the conductor layer 14
decreases, and the stock removal rate of the conductor
25 layer 14 by the polishing composition decreases. As a

result, excessive removal of the inside portion of the

conductor layer 14 will be suppressed, whereby dishing



pol i shing conmposition is too small, the stock renoval rate of the conductor
| ayer 14 by the polishing conposition will not be substantially inproved.
Wth a viewto inproving the stock renoval rate of the conductor s |ayer 14
by the polishing conposition substantially, the content of the oxidizing
agent in the polishing conposition is preferably at least 1 g/L, nore
preferably at least 3 g/L, nost preferabd¥y at least 5 g/L. On the other
hand, if the ¢ ﬂtgnt of the oxidizing agent in the 10 polishing conposition
is too Iargewlg e SoFP?RFﬁGSS§TIity of the polishing conposition against
the conductor layer 14 tends tao.he toog high, wherep tdLShkﬂngﬁﬁ{ikely to
c

occur. Wth a viéw tgré)&beﬁrtelénm ngdis |rrr{1gln i esntrong ya,lnet Sent of the

cur. resti Ag Tor St ogly, " the toitent o
o/ L. rore prEpbiaRibS°gBRbbEFtIgn Ra6ORBCBERRER i3RI BT Y 15 GIL The

pol i shi ng COBBB%EE%?QzB etBh%i@HPQQEUE“$?ePES&E&@P&Xz%P%t§§£iSQE'9&”5 an

et chi ng agent. et ching agent "has a function to efc e conductor |ayer

20 14 and; sefyesnLonLiph VE%/HQSgéhoﬁ'Eoﬁ\% Yalkietak® @hel fm&&%%%&% layer
Sl The etc In the

14 by the polishing conp i on: I ng agent contai ne

poli shing coppagi bEOBeAB¥trBEzB0c @B ACACLY SHER A5t B ouPsani ne or
valine. Wth aviewto inproving the stock renoval rate of 'the 25 conduct or

llayer 14 by f{ihenpal ,$Bwngocauppstk9fgMi8hing! Weree sksopiaher red If the
content of the etching agent In the polishing 20 conposition is too small

the stock repevakctaba @filhh€ormenguatent! ayaralitecdy ihhe heoboIRishd ng
conposition will not be substantially inproved. Wth a view to inproving
t he composition is preferably benzotriazole. In the
10 protection film by benzotriazole, the five-membered ring
portion of benzotriazole is bonded to the surface of the
conductor layer 14, and the benzene ring portion of
benzotriazole is located at the side opposite to the
surface of the conductor layer 14, and consequently, the
15 surface has hydrophobicity. In the protection film by a
benzotriazole derivative, the five-membered ring portion
of the benzotriazole derivative is bonded to the surface
of the conductor layer 14, and the benzene ring portion
of the benzotriazole derivative is located at the side
20 opposite to the surface of the conductor layer 14,
whereby the surface has hydrophobicity.

The content of the protection film-forming agent in
the polishing composition has a close relation with the
stock removal rate and suppression of dishing. If it is

25 too small, no adequate protection film to strongly

suppress excessive polishing of the conductor layer 14

will be formed on the surface of the conductor layer 14,



stock renoval rate of the conductor |ayer 14 by the 5 polishing conposition
substantially, the content of the etching agent in the polishing
conposition is preferably at least 0.5 g/L, nore preferably at least 1 g/L,
further preferably at least 3 g/L, nost preferably at least 5 g/L. On the
ot her hand, if the content of the etching 10 agent in the polishing
conposition is too large, the polishing gbility of the polishing
conposition against the conductor |layer 14 tends to be too high, whereby
di shing is | wkekgbyodoshing Mayhnatvbewsudéfsuppnedyi sgppdiesisiedg ndieh
strongly, the content of the etching agent 15 in the polishing conposition
is preferabl g stiewnsd S50ppykksingr diphéhgr by atrongfl y30 tdgel cohndientter
preferably at nost 20 g/L, nost preferably at nost 15 g/L. The polishing
conposi ti on of thespepbedifent fipmefermbhyg fgenhednctheaped istviagi ve grains.
The 20 abrasive grains play a role of nechanically polish the conductor
| ayer 14 andcsmpweitoonnpeopeefheabiychtr éepesl 0.08flegdil,t mereonduct or | ayer
14 by the polishing conposition. The abrasive grains contained in the
pol i shi ngs coppefetrabhynmay beastl 0cQl WLh 20withetotRsrrhkandi ngfsthéace
defects of the conductor |ayer 14 after polishing, colloidal silicais
preferred. |fonhentonfehheoprohecabprasifiemgfarningnagkat2in pdlei shi ng
conposition is too small, the stock renoval rate of the conductor |ayer 14
by the polisbrhadgshepgposmppeation igotobelaybst ahbrabirptiestionedilwth a
view to inproving the stock renoval rate of the conductor s layer 14 by the
pol i shi ng conpadi beoaxsaesidatyafpymedhen &bat surferet BE &beasi ve grains in
t he polishin

P gonductor layer 14, whereby polishing of the conductor

10 layer 14 tends to be excessively suppressed. In order to
maintain the stock removal rate of the conductor layer 14
by the polishing composition to be high, the content of
the protection film-forming agent in the polishing
composition is preferably at most 1 g/L, more preferably

15 at most 0.2 g/L.

The polishing composition of this embodiment
preferably further contains an oxidizing agent. The
oxidizing agent has a function to oxidize the conductor
layer 14 and thus serves to improve the stock removal

20 rate of the conductor layer 14 by the polishing
composition. The oxidizing agent contained in the
polishing composition may be a peroxide such as hydrogen
peroxide or ammonium persulfate. With a view to reducing
metal contamination of the conductor layer 14

25 attributable to an oxidizing agent, hydrogen peroxide is
preferred.

If the content of the oxidizing agent in the



conposition is preferably at least 0.5 g/L, nore preferably at least 1 g/L,
nost .preferably at least 5 g/L. On the other hand, if the content of the
abrasive 10 grains in the polishing conposition is too |arge, the

polishing ability of the polishing conmposition against the conductor |ayer
14 tends to be too high, whereby dishing is likely to occur. Wth a viewto
suppressing dishing nore strongly, the cpmtent of the abrasive grains 15 in
t he polishing conmposition is preferably at nost 100 g/L, nore preferably at
most 50 g/ L, padsshpngf epabbgistionnist t20 ghblllf thise shvekagemomviadar y
particle size of the abrasive grains contained in the polishing conposition
is too 20 snmubte Phetbeockndegdezl leyey d# blye tbenoedtishingyer 14 Dby the
pol i shing conposition will not be substantially inproved. Wth a viewto

i mprovi ng t heospogktienovalll netebef substentdadilor impyervetd bYitheapol i shing
conposition substantially, the average primary particle 25 size of the
abrasi ve gravhswcbat AmpE@Viindt khepskpshi agnoyedpaaitel of itéepconeiusttior at
least 3 nm nore preferably at least 5 nm nost preferably at |east 8 nm
On the 22 olR¥erhaAdbyi thehpodiehiage peompesy tpant istibstantdadflnhdheabr asi ve
grains contained in the Eolishing.conpositiqn is too large, the abrasive
grai ns tend £ensent| efi fhehexigariisni pgeasnposithicoRoWsRNg vi ew to
preventing such s settlenent of the_abrasive grains, the average primry
particle sizEOBPOSRELIPr 4Si PEcEFERRIYC ARt AEASE iIn W he TOSE PRICAGTESHOSI ti on
is preferably at nost 200 nm nore preferably at nost 100 nm nost
preferably aBtndeasto3nay' L. HBpet PreLs¥FePadye abriledsF Falricl eOBj EBSof the

abr asi ve , L )
other hand, if the content of the oxidizing agent in the

10 polishing composition is too large, the polishing ability
of the polishing composition against the conductor layer
14 tends to be too high, whereby dishing is likely to
occur. With a view to suppressing dishing more strongly,
the content of the oxidizing agent in the polishing

15 composition is preferably at most 30 g/L, more preferably
at most 20 g/L, most preferably at most 15 g/L.

The bolishing composition of this embodiment
preferably further contains an etching agent. The
etching agent has a function to etch the conductor layer

20 14 and serves to improve the stock removal rate of the
conductor layer 14 by the polishing composition. The
etching agent contained in the polishing composition may
be an o-amino acid such as glycine, alanine or wvaline.
With a view to improving the stock removal rate of the

25 conductor layer 14 by the polishing composition more,
glycine is preferred.

If the content of the etching agent in the polishing



10 grains is calculated fromthe specific surface area of the abrasive
grains, neasured by a BET nethod. The pH of the polishing conposition of
this enbodinment has a close relation with the adsorption action of the
anionic surfactant to the surface of the is conductor |ayer 14. For this
adsorption action to work efficiently, the pH of the polishing conposition
is preferably fromabout neutral to acidgc.-However, if the pH of the
pol i shing conposition is in a strongly acidic range, dishing is likely to
occur. Wth sompesittdop0 isupmcesssiald  ditdts mfaak eamavsiglsate vt glreof t he
polishing conposition is preferably at least 2, nore preferably at |east 4,
nmost pref er asiopdaictiogadayer @t hdhst ol tsdidg idomnas PH @F Whiel gutt shi ng
conmposition is in an alkaline range, deconposition of the etching agent 25
in the poliskengubsheasilEildly igpydReEdy tUlggcarVa§Wtﬁ@ imprevaagséde wher eby
the pot |life of the polishing conposition is likely to decrease. Further,
formati on of SE¥cka rgmevedt irat e iAfmtie arndaKiter daad adk A e likely to
be prevented. Wth a view to avoiding such adverse effects, the pH of the
pol i shi ng5 coPeddistiisng i@mp@s(éftelroab|sw%ﬁtam§§ta19w,mlee ST EHDISE dtheost 8.5,
nost s preferably at nost 8. According to this first enbodi nent qf the
present i nvE&RGIdRI @Yol iTo\ilRy RAd S R F PP B Qe di s Breiaki ng
conposition of this enbodiqpnt conprises an anionjic surfacfant_ and a

noni oni ¢ sur R&ctl&FSt £ S5/ That" e RERTET XM &t ftite biI4he BT of an
obj ect to be polshed altor being palished B SRS, £ e pgl 1 ShT g

g/L. On the other hand, if the content of the etching

10 agent in the polishing composition is too large, the
polishing ability of the polishing composition against
the conductor layer 14 tends to be too high, whereby
dishing is 1likely to occur. With a view to suppressing
dishing more strongly, the content of the etching agent

15 in the polishing composition is preferably at most 50
g/L, more preferably at most 30 g/L, further preferably
at most 20 g/L, most preferably at most 15 g/L.

The polishing composition of this embodiment

preferably further contains abrasive grains. The

20 abrasive grains play a role of mechanically polish the
conductor layer 14 and serve to improve the stock removal
rate of the conductor layer 14 by the polishing
composition. The abrasive grains contained in the
polishing composition may be silica. With a view to

25 reducing surface defects of the conductor layer 14 after
polishing, colloidal silica is preferred.

If the content of the abrasive grains in the



preferably at nost 45, nore preferably at nost 30. This polishing
conpqsition exhibits a performance to satisfy is both the required
performance relating to dishing and the required performance relating to
the stock renoval rate wth respect to the affinity between the surface of
the object to be polished, and the abrasive grains. Accordingly, the
pol i shing conposition of this enbodi ment 220-is particularly useful for an
application to polish a conductor |ayer 14 in a sem conductor wring
process. The kb igieh stiimaaRi N bies il f5eal as The | YRSk Teeoydl i shing
conposition of the above enbodi ment. may be prepared by diluting a

concent r at ed TtSclefs dihg imndust reflave sk o the Rt iEMBR conposition of
t he above enbodi nent, known additives such as a pHcontrolling 24 agent,
an anti septi CARPH b ahilny BRfeRe MPHAUSRH Y HPEMNELas& & res.
Now, Exanples of the first enbodi nent of the \F)r esent invention gnd
Conpar ati ve BXd&thIy WMRYOBEHRT i HREK SRYEhi FRET It olshe | PRISFEBXanpl es

1 to 31 and _Conparative anples 1 to 4 were prepared by m xj an anionic
surfactant. AR o e AR SN W ST Ot O | TR T AN 1L gent e an

oxi di zi ng agent, an etching ent, abrasive, grains d a.rs)H- controlling
agent with wHBt s thee Ty HTESS T & KI5 H11%e ani onic
surfactant, the nonionic surfactant, . the protection fiJm formng agent, the
ox1 i 31 0. AL LG Hhoh P ARSI (R B3 vb r e OE | he
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g/L. On the other hand, if the content of the abrasive

10 grains in the polishing composition is too large, the
polishing ability of the polishing composition against
the conductor layer 14 tends to be too high, whereby
dishing is likely to occur. With a view to suppressing
dishing more strongly, the content of the abrasive grains

15 in the polishing composition is preferably at most 100
g/L, more preferably at most 50 g/L, most preferably at
most 20 g/L.

If the average primary particle size of the abrasive

grains contained in the polishing composition is too

20 small, the stock removal rate of the conductor layer 14
by the polishing composition will not be substantially
improved. With a view to improving the stock removal
rate of the conductor layer 14 by the polishing
composition substantially, the average primary particle

25 size of the abrasive grains contained in the polishing
composition is preferably at least 3 nm, more preferably

at least 5 nm, most preferably at least 8 nm. On the



In the colum for "water contact angle" in Tables 1 and 2, the results of
nmeasur enent of water contact angles of wafer surfaces after polishing
copper bl anket wafers having a dianmeter of 200 mm under the polishing 20
conditions shown in Table 3 by neans of the polishing conpositions of
Exanples 1 to 31 and Conparative Exanples 1 to 4, are shown. The
measurenent of the water contact angles ®a@s-carried out after rinsing with
pure water the surfaces of the wafers after polishing. For the 25

neasur ement &theaie hamdbr idorthe taviaigass Pdtery Qe ¥zt denthe

eval uati on apparatus "CA-X200", manufactured by . Kyowa | nterface, Sci ence
Co., LTD. washisedvesiraing oG ingd figt the R FEndia comreitiPrabfes 4
and 5, the stock renoval rate is shown which was obtai nhed when a copper

bl anket waf er-Pavidtigss FRHEARPRHIVOEHF THRS W& DT stRidImde? e pol i shing
conditions as identified 5 in Table 3. by neans of each of the polishing
Composi t i ons P ABAH ISP B an Wi Barde™ & LRSS 159 GUFH The
stock renoval rate was obtained by dividing the .difference in,thickness of
cach waf of aSHICRIET haorde FRFAITE Il 191 7 TAIn ISR ng Li me.
For the 10 neasyr.enent of t t.hi ckness. of the wafer, a sheet resistance
nmeasuri ng appare SVRZDPEL Hhi AT %@Flrﬁ)k%tiaﬁ%cgtjrr? & stem
Service Co., Ltd. .was used. In the colu for. "dishing” in Tables 1 and 2,
the  resul i 5 BT IRMIEE SRIHOGIAGE 1 o T SR o/ PR ™y SNBAT t er n

raler (854 sk nkery ) ol SR el el BB 0T L OTeb
are shown.  Specl FiGal | e /e GAPRRI PRI A T MRS O SEMY S rasive
10 grains is calculated from the specific surface area of
the abrasive grains, measured by a BET method.

The pH of the polishing composition of this
embodiment has a close relation with the adsorption
action of the anionic surfactant to the surface of the

15 conductor layer 14. For this adsorption action to work
efficiently, the pH of the polishing composition is
preferably from about neutral to acidic. However, if the
pH of the polishing composition is in a strongly acidic
range, dishing is likely to occur. With a view to

20 suppressing dishing more strongly, the pH of the
polishing composition is preferably at least 2, more
preferably at least 4, most preferably at least 6. On
the other hand, if the pH of the polishing composition is
in an alkaline range, decomposition of the etching agent

25 in the polishing composition is likely to occur as the
time passes, whereby the pot life of the polishing

composition is likely to decrease. Further, formation of



conprises a barrier layer made of tantalumand a 20 conductor |ayer nade of
copper and having a thickness of 1,000 nm sequentially forned on an

i nsul ator layer nade of silicon dioxide and having trenches, and has an
initial concave portion with a depth of 500 nmon the upper surface. This
copper pattern wafer was 25 prelimnarily polished by neans of a polishing
mat eri al " PLANERLI TE-7105" of FUJIM | NCBRPEORATED under the polishing
conditions as identified in Table 3 unti| the 26 _thickness of the conductor
| ayer becane BEFHARHbrie 1Y s @oPHgardhadiit ofS thkeby i i ng
conpositions, of Exanples 1 to 31 and Conparative Exanples. 1 to 4. Then, by
means of eacKSPRHE qs'shf"’ﬁfjhcé‘rriﬁ?l‘”t tOn&vef I3 ngy SMGe W ETES31 and

Conparative les 1. to 4, the . copper .pattern wafer, after the prelimnary
ool | shi ng. TSt FHe T BOTS SHI RG] DHShet® denti 11 ed | n

Table 3 until_t upper layer of the barrier |ayer exposed._ Thereafter, by
Teans of a Rt R FO 0 1 0 S SR e SurTaRe Srehe i
apparatus_of KL -eTe Qr tCorqoocrag}i on, the dishing amobunt was neasured at an
area of BacKWafEr*uher® &%Fench with a width of 100 pmwas independently

formed. In the colum for "pot,lifer.in Tahles.1 and 2,.the _is results of
eval uati on of thcelA(ﬁ)% rcltillrfl% éo)? %%%: %Jfr? ee“l‘]%%cﬁné%l ngO%oFrllﬁ%sP]fle%%rslgof

Bxamples 1 1 a Ald COMA'AL NS, BXOTLAR I, DT Sehan0y Specifically,

usi ng each of The pol'i‘shi'ng "‘conposi t1 ons and

Cormarat v EXAPHES oL At EA LY G ST A, Shpgsngial o0 ond each of
to 4 after comprises an anionic surfactant and a nonionic surfactant
10 so that the water contact angle of the surface of an
object to be polished, after being polished by means of
the polishing composition, would be at most 60°,
preferably at most 45°, more preferably at most 30°. This
polishing composition exhibits a performance to satisfy
15 both the required performance relating to dishing and the
required performance relating to the stock removal rate
with respect to the affinity between the surface of the
object to be polished, and the abrasive grains.
Accordingly, the polishing composition of this embodiment
20 is particularly useful for an application to polish a
conductor layer 14 in a semiconductor wiring process.
The above embodiment may be modified as follows.
The polishing composition of the above embodiment
may be prepared by diluting a concentrated stock solution
25 before use.
To the polishing composition of the above

embodiment, known additives such as a pH-controlling



being left to stand still for 14 days in a constant tenperature tank of 25C
after- the preparation, respectively, the copper bl anket wafer was polished
under 25 the polishing conditions as identified in Table 3. And, the stock
removal rate was calculated by dividing the difference in thickness of each
waf er as between before 27 and after the polishing by the polishing tine,
and the pot life of each polishing conpo2#tiron was eval uated, based on the

conpari son between the stqck renoval rate _w th the polishi conmposi tion
mbdi at el y AEEBE 1 RE SHTESREA GFhAd GO THOEk JEaRy I5% He AT he

polishing conp ijtion | eft t.o stand for 14 days at 25C. In the colum for
"pot life", 65(3 §df- AEakS ¥ he decrease in the stock removal rate was

emoval rate vas Mo RN AR e nd Ak ipeg het e agteR 02 0,
a1t -wrt arigroan oifedhedve aphpla B i Bt dgtaned Y T
Okrou g erﬁﬂﬁ%f%gﬁ{ﬁg‘%%mpositions of Examples 1 to 31 and
Comparative Examples 1 to 4 were prepared by mixing an
anionic surfactant, a nonionic surfactant, a protection
film-forming agent, an oxidizing agent, an etching agent,
abrasive grains and a pH-controlling agent with water, as
10 the case requires. The details of the anionic
surfactant, the nonionic surfactant, the protection film-
forming agent, the oxidizing agent, the etching agent,
the abrasive grains and the pH-controlling agent in each
polishing composition, and the pH of each polishing
15 composition are as shown in Table 1 or 2.

In the column for “water contact angle” in Tables 1
and 2, the results of measurement of water contact angles
of wafer surfaces after polishing copper blanket wafers
having a diameter of 200 mm under the polishing

20 conditions shown in Table 3 by means of the polishing
compositions of Examples 1 to 31 and Comparative Examples
1 to 4, are shown. The measurement of the water contact
angles was carried out after rinsing with pure water the
surfaces of the wafers after polishing. For the

25 measurement of the water contact angles, wafer cleaning
treatment evaluation apparatus “CA-X200”, manufactured by

Kyowa Interface Science Co., LTD. was used.
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5 in Table 3 by means of each of the polishing compositions
of Examples 1 to 31 and Comparative Examples 1 to 4. The
stock removal rate was obtained by dividing the
difference in thickness of each wafer as between before
and after the polishing by the polishing time. For the

10 measurement of the thickness of the wafer, a sheet
resistance measuring apparatus “VR-120", manufactured by
Kokusai Electric System Service Co., Ltd. was used.

In the column for “dishing” in Tables 1 and 2, the
results of measurement of the dishing amount of a copper

15 pattern wafer (854 mask pattern) of SEMATEC polished by
means of each of the polishing compositions of Examples 1
to 31 and Comparative Examples 1 to 4, are shown.
Specifically, the copper pattern wafer of SEMATEC
comprises a barrier layer made of tantalum and a

20 conductor layer made of copper and having a thickness of
1,000 nm sequentially formed on an insulator layer made
of silicon dioxide and having trenches, and has an
initial concave portion with a depth of 500 nm on the
upper surface. This copper pattern wafer was

25 preliminarily polished by means of a polishing material
“PLANERLITE-7105” of FUJIMI INCORPORATED under the

polishing conditions as identified in Table 3 until the
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of Examples 1 to 31 and Comparative Examples 1 to 4.
Then, by means of each of the polishing compositions of
5 Examples 1 to 31 and Comparative Examples 1 to 4, the
copper pattern wafer after the preliminary polishing, was
polished under the polishing conditions as identified in
Table 3 until the upper layer of the barrier layer
exposed. Thereafter, by means of a profiler “HRP340” as
10 a contact type surface measuring apparatus of KLA-Tencor
Corporation, the dishing amount was measured at an area
of each wafer where a trench with a width of 100 pm was
independently formed.
In the column for “pot life” in Tables 1 and 2, the
15 results of evaluation of the pot life of each of the
polishing compositions of Examples 1 to 31 and
Comparative Examples 1 to 4 are shown. Specifically,
using each of the polishing compositions of Examples 1 to
31 and Comparative Examples 1 to 4 immediately after the
20 preparation and each of the polishing compositions of
Examples 1 to 31 and Comparative Examples 1 to 4 after
being left to stand still for 14 days in a constant
temperature tank of 25°C after the preparation,
respectively, the copper blanket wafer was polished under
25 the polishing conditions as identified in Table 3. And,

the stock removal rate was calculated by dividing the

difference in thickness of each wafer as between before
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composition left to stand for 14 days at 25°C. 1In the
column for “pot life”, O (good) means that the decrease
in the stock removal rate was at most 10%, and A
(slightly poor) means that the decrease in the stock

10 removal rate was more than 10%.
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In tke colum for "anionic surfactant” in Tables 1 and 2, Al represents
pol yoxyet hyl ene | auryl ether s amoni um sul fate wherein the average nunber
of repeating oxyethylene units is 2, A2 represents pol yoxyethylene |auryl
ether triethanol am ne sulfate wherein the average nunber of repeating
oxyethylene units is 1.5, A3 represents paél yoxyethylene |auryl ether
amoni um 32 tdifenat @oMeraida)t he average nunber of repeating oxyethyl ene
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In the column for “anionic surfactant” in Tables 1
and 2, Al represents polyoxyethylene lauryl ether
5 ammonium sulfate wherein the average number of repeating
oxyethylene units is 2, A2 represents polyoxyethylene
lauryl ether triethanolamine sulfate wherein the average
number of repeating oxyethylene units is 1.5, A3

represents polyoxyethylene lauryl ether ammonium



pol yoxyet hyl

columm for

ene alkyl ether is from12 to 14. In the colum for "protection
| ayer--form ng agent” in Tables 1 and 2, Cl represents benzotri azol e.

peroxide. In the colum for "etching agent” in Tables 1 and 2, E
represents glycine. 33 In the colum for "abrasive grains" in Tables 1 and
2, F1 represents colloidal silica. In the3@olum for "pFLcontroIIing agent"

in Tables 1

In the

"oxidizing agent” in Tables 1 and 25 2, D1 represents hydrogen

a represents potassium hydroxide. s TABLE 3 One side
ol i shi ng MacH TR RS o T MR IR 175, TG H8Eur e by

Applied Mat

l h | { shi d:
2265 oo PP e R S R TRl RLATOR  BRILTC 0
pssdl T 8D re}]%eo%éa ";})ﬁ DAFSTHLE 14 axb%f‘ gl atﬁé)“sulfgﬁl ed; 100

Pol i shing 2

rpm Feed rate o pd||

speed: 100 rpp
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Conposi T rrier

polyoxyethylene alkyl phenyl ether phosphoric acid
wherein the average number of repeating oxyethylene units
is 4, A8 represents potassium oleate, A9 represents a
polyoxyethylene alkyl ether potassium acetate wherein the
average number of repeating oxyethylene units is 2, and
Al0 represents a polyoxyethylene lauryl ether ammonium
acetate wherein the average number of repeating
oxyethylene units is 2.

In the column for “nonionic surfactant” in Tables 1
and 2, Bl represents a polyoxyethylene alkyl ether
wherein the average number of repeating oxyethylene units
is 7, B2 represents a polyoxyethylene lauryl ether
wherein the average number of repeating oxyethylene units
is 4.2, and B3 represents a polyoxyethylene lauryl ether
wherein the average number of repeating oxyethylene units
is 9. Here, the carbon number of the alkyl group in the
polyoxyethylene alkyl ether is from 12 to 14.

In the column for “protection layer-forming agent”
in Tables 1 and 2, Cl represents benzotriazole.

In the column for “oxidizing agent” in Tables 1 and
2, D1 represents hydrogen peroxide.

In the column for “etching agent” in Tables 1 and 2,

El represents glycine.
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10 respect to each of the stock renoval rate and the dishing. Wereas, in
Conparative Exanples 1 to 4, with respect to either one of the stock
renoval rate and the dishing, a practically satisfactory result was not
obtained. In the colums for "dishing” and "pot life" in is Conparative
Examples 1 and 2, (-) nmeans that the stock renoval rate was so |ow that the
measurenent or 34 - evaIuation was i npossitBl e. The pol i shing conposition

according to the t“ f_the present jnven prepared by
T ng | by edet or Mk e BUNTE ofhn" SRFOR L SETA e ants BeBLBFof betRon
filmformng.ag and a nonio rfact preferably together mnth
predet er m ned'’ %@Uﬁﬁ?r?s%ﬂt d%?gf ﬁ. an etching agent and abrasive

grains, with vatg(, go g mrtge pH tgnt)som 2,40:2+ Thus.p

ant oni C sur?‘act ant,

pol i shi ng conposr | on of 'S odr conprise
a protection f 4J§f(grn i Q0 C, #g£§§&gnt and water and
preferably fur con ns an o) 1zing ag an etching agent and

abrasive grains. The anionic surfactant contained in the polishing 15
conposition of this second enbodi mrent has a function to be electrically
adsor bed ontf%?ﬁgwjace of the conductor layer 14 in a pH range of from
neutral to acidic to form a protecting film In the pHrange of from
neutral to Jacidic, the surface pofestisadeopolliehdmaedretcdrineayfer TMR0 |made
of copper is Hutﬂahnng mehetgior e, ddrami, omagudag taxeda blyy dppdhiidd ¢ por tfi on
of the anionic surfactant wll be Maeededlisq trhe .surface of the conductior

| ayer 14, arld a hydrophobic portion of the anionic surfactant will be

Laminated pad made of polyurethane,

Polishing pad: IC-1000/Suba IV, manufactured by
Rohm and Haas Electronic Materials

Polishing 2 psi (= about 13.8 kPa)

pressure:

Table rotational 100 rpm

speed:

Feed rate of

polishing 200 mL/min

composition:

Carrier rotational 100 rpm

speed:

As shown in Tables 1 and 2, in Examples 1 to 31,
practically satisfactory results were obtained with
10 respect to each of the stock removal rate and the
dishing. Whereas, in Comparative Examples 1 to 4, with
respect to either one of the stock removal rate and the
dishing, a practically satisfactory result was not
obtained. In the columns for “dishing” and “pot life” in
15 Comparative Examples 1 and 2, (-) means that the stock

removal rate was so low that the measurement or



| ocated at the side opposite to the surface of the 25 conductor |ayer 14.
Accordingly, the surface of the protection filmby the anionic surfactant
has hydrophobicity. Once the protection filmby the anionic 35 surfactant
is formed on the surface of the conductor |layer 14, the affinity between

t he abrasive grains and the surface of the conductor |ayer 14 decreases,
and the stock renoval rate of the conduc%@r-layer 14 by the s polishing
conposition decrease As a result, excessive renoval of the inside portion
of the conduégr uP&ﬂ@P ﬁ@s\hmgoﬁﬁékgﬁbpressed and di shi ng (see F|g 2) will
be suppressed. ani.oni.c, surfactant_.contained.in the polishi

conmposi tion pref IRP]ﬂo‘srﬂ]ﬁ}%sC%pcf%]atﬁorbr?éz%%’?&f&ﬁmto T e%%ch? by t he

chem cal fornula R1-Y]' |n RL is an a rou

eyl onenyt - besEetE, o e Hrelent BRI Gs Fudhd rrﬁff e ot A

pol yoxypr opyl en rQup.or. a _pol y(oxyethyl ene_15 ox ne)_ group, and Y1l'
e 2 b yreaetr R aBn Rl S A oA IO i (he. SOAM

group is a %%%Qte%rtlo?ﬂfﬂ%e f%%%qtng ag%@l ari'l%lt r?g% O"Hlac[ |§{111£a{'81%a§ﬂﬁ and

may, for exa 1 on or - an nmet al

cation such %%e% fa%ﬁ%@o%%t%%&' e p%%‘?ie‘&'@z%ﬁiﬁie‘?i‘ d Lﬁltné’tc?ésalﬁ'm Cat' on.

Anmong them virew roving ‘the st renoval rate of

conductor | a)ég,_rld]l% l?%,;a kol 'a%ﬁ'erfg:l'ﬁ?]?)%gﬂtetdtor&nd Ef £ ad ﬁlso,Ot assi um

cation, an ammoni um tion or an Ion, nore pre erre 1S an

anmoni um cat kR Pyt e2? d FMNANURMGEL AP e FIOAOSIePref erped i s an
ammoni um cati on.

the polishing composition of this embodiment comprises an

10 anionic surfactant, a protection film-forming agent, a
nonionic surfactant and water and preferably further
contains an oxidizing agent, an etching agent and
abrasive grains.

The anionic surfactant contained in the polishing

15 composition of this second embodiment has a function to
be electrically adsorbed on the surface of the conductor
layer 14 in a pH range of from neutral to acidic to form
a protecting film. In the pH range of from neutral to
acidic, the surface potential of the conductor layer 14

20 made of copper is positive. Therefore, an anion group as
a hydrophilic portion of the anionic surfactant will be
bonded to the surface of the conductor layer 14, and a
hydrophobic portion of the anionic surfactant will be
located at the side opposite to the surface of the

25 conductor layer 14. Accordingly, the surface of the
protection film by the anionic surfactant has

hydrophobicity. Once the protection film by the anionic



The content of the anionic surfactant in the 36 polishing conposition has a
close relation with the suppression of dishing and the stock renoval rate.
If it is too small, no adequate protection filmto strongly suppress the
excessive polishing of the conductor layer s 14 will be fornmed on the
surface of the conductor |ayer 14, whereby dishing may not be sufficiently
suppressed. Wth a view to suppressing tﬁé di shing nore strongly, the

content of the onlc sur f ant in the shin nposition is
preferably at®4 t01l / Or“?ﬁfi é’rid:}tﬁ' %%‘f?/ ng ‘Tc}é%s‘fo%élb%t%?L further
preferably at, | east still further_preferably at |least 0.08 g/L,
most pref er abidY Sk ]14e'as galg_fqu_ltyopettf'u"ée%? h haak?‘?&as# ?]ﬁae“?:%n?le%t of the

ani oni ¢ surfagctant the i shin |t|o stoo ar e,
rotection 11 TS o S A SR rf@aeoH sl e
conduct or Iaye:roc 14, V\én\ealeb tpoI 'tshch @Jncﬁ h(eto Iorliag/ rt %1 Wi II be
suppressed too nuch 0 naln ain r enov e of the

conduct or . A}}lq,}é tgl%enpooog ilrgrpg? CC]}%I né)éétl %ré Ita[ &%Jl'tgh’e% Q,rg ent of

t he anlonlc g conposition s 'pre era y at

g})it g?. Ig{ I_1,‘urt er pre tﬁﬁlbIylyr?éal'tc{g)% %&%,o§ﬁgﬂ%gé?n%ég¢er:€%g at %:E (%3
g/L. Wen the, ani %%@M@gg@aﬂ aFer't e&%ﬂa%ﬂ Bg P03 ) SPi{1g $QPoSi tion

contai ns a conpound represented by f ormul a R1- X1-Y1', the
average nunbefy,fred&peati ng units |n X1 has a close relation with netal 37
corrosion at the wiring edge portion in the conductor

The anionic surfactant contained in the polishing

10 composition preferably contains at least one compound
represented by the chemical formula R1-Y1’ or R1-X1-Y1',
wherein R1 is an alkyl group, an alkylphenyl group or an
alkenyl group, X1 is a polyoxyethylene group, a
polyoxypropylene group or a poly(oxyethylene-

15 oxypropylene) group, and Y1’ is a SO;M1 group or a SO/M1
group. M1l in the SO3M1 group and the SO/M1 group is a
counter ion. The counter ion is not particularly limited
and may, for example, be an ammonium cation, an amine
cation or an alkali metal cation such as a lithium

20 cation, a sodium cation or a potassium cation. Among
them, with a view to improving the stock removal rate of
the conductor layer 14 by the polishing composition,
preferred is a potassium cation, an ammonium cation or an
amine cation, more preferred is an ammonium cation or a

25 triethanolamine cation, and most preferred is an ammonium
cation.

The content of the anionic surfactant in the



|l ayer 14. If it is too large, nmetal corrosion so-called slit is likely to
occur- at the wiring edge portion. Wth a view to suppressing netal
corrosion at the wiring edge s portion, the average nunber of repeating
units in X1 is preferably at nost 6, nore preferably at nost 4, nost
preferably at nost 2. The protection filmform ng agent contained in the
pol i shing conposition of this enbodinent R&s -a function 10 to be adsorbed
on the surface _of .the conductor, | ayer to for rotecthﬂaillnl The

surface of tm%llpﬁlﬁrr@ctqwqqlltrﬁ% Rag sa ﬁ]d?%ectlf Y b agent has
hydr ophobi ¢ Once .t he 0 on f the . protectjon fil mfor,

POt o PR et o S w%r@ft%rﬁoﬁfe%rrﬁ‘-f&%%i PPES he L rpnlty
bet ween t he abrasjve alns aqf surf ce. of th onductégo ayer
decreases, and %he O FHw VHICFat e dt e nr%iucjt o"r1 59 &yeFoUF hy the

"nsi de. Bgrff’on%iﬁetﬁi’é“%ce%%‘cse |ayer§1%@3nfx‘%€s§%%r§?%§€€féaivaﬁf cby
di shing i |l be, SUpRresaste deegq p{)enzsg%fﬁ[‘cé d¢m il ThogaR0ent £anL A ned i

t he pollshlng conposition ma riazole or a

derivative. r t atons
bonded to thehlsl ve- rrer%}e?%%ﬁrggﬁ "l‘a\é? llbéétﬁz%%rél%g‘gﬁ ‘%@6 ace‘?‘g{/ ot her atomic
groups. Wit Rysqni£w iR, SUpRS é@sﬂ{gsmw SR M08 Vot 1683, the

protection fil'mformng agent contained in the polishing conposition is

preferably benziddaz &hd Mdithi PrALSEhd | 14N dye Beozodiggol e, the
five-nenbered ring portion of benzotriazole is bonded to the Surface of the

composition is preferably at least 0.01 g/L, more

10 preferably at least 0.03 g/L, further preferably at least
0.05 g/L, still further preferably at least 0.08 g/L,
most preferably at least 0.1 g/L. On the other hand, if
the content of the anionic surfactant in the polishing
composition is too large, the protection film will be

15 excessively formed on the surface of the conductor layer
14, whereby polishing of the conductor layer 14 will be
suppressed too much. In order to maintain the stock
removal rate of the conductor layer 14 by the polishing
composition to be high, the content of the anionic

20 surfactant in the polishing composition is preferably at
most 10 g/L, more preferably at most 5 g/L, further
preferably at most 1 g/L, still further preferably at
most 0.5 g/L, most preferably at most 0.3 g/L.

When the anionic surfactant contained in the

25 polishing composition contains a compound represented by

the chemical formula R1-X1-Y1’, the average number of

repeating units in X1 has a close relation with metal



s conductor |layer 14, and the benzene ring portion of benzotriazole is

| ocat-ed at the side opposite to the surface of the conductor |ayer 14, and
consequently, the surface has hydrophobicity. In the protection filmby a
benzotriazole io derivative, the five-nenbered ring portion of the
benzotriazole derivative is bonded to the surface of the conductor |ayer

14, and the benzene ring portion of the- Bénzotriazole derivative is |ocated

at the side O(POSIt to tq} surface of the qgnductor ayer &4 wher eby the
is surface hd TS . mﬁﬂe“%o% EntPYF- e Jprr‘ottlé%t'f%ﬂ ¥FFREf or mi ng

agent in th%a?}’qel{ slh4 ng %om%o§| t| g Sﬁancl o%e 1r %IoatrlO S t§1ot esé ock

renoval ratea he” suppr €ssi on tse S|

adequat e prot 1’[& or;sfjlifg )f)lts%reo a ms%p gdlelsisn# c&gﬁtygnpolwgm ng of

the conductor T ayer he sur & conductor | ayer

14, wher eby 1 19 ﬂ‘é?‘ys ré’&s%éﬂh%&a‘?ftéé(rx%*{%lfsf‘tﬁdthe VHPlﬁ%Vég&ét 0

suppr essi ng I ng nore strong cont'e e protecti

filmcontaini t eferabl y.at | east
0001 g/ L° r#.?fe preferﬂ%#y‘%@éé%‘%ﬁ%‘*%%f%%’%ﬂfﬁ% FRECEI AR Ypat 0

content of the d¥otacty ot fidd fOr Mok a9t eF4b1 eaé%o@@ushhagt
conposition i's too large, the protection film vm¥ be formed excessively on

the surface gfrdterapopductssd ayer 14, and polishing of the conductor |ayer
14 may be suppressed too nmuch. In order to maintain the s stock rempoval rate

of the conductor tiRyeprddedyidbheripal fshhiggCgRREi tbRPaiAeBeiRi BHe the
content of the protection filmformng agent in the polishing
polishing composition of this embodiment has a function
10 to be adsorbed on the surface of the conductor layer 14
to form a protection film. The surface of this
protection film by this protection film-forming agent has
hydrophobicity. Once the protection film by the
protection film-forming agent is formed on the surface of
15 the conductor layer 14, the affinity between the abrasive
grains and the surface of the conductor layer 14
decreases, and the stock removal rate of the conductor
layer 14 by the polishing composition decreases. As a
result, excessive removal of the inside portion of the
20 conductor layer 14 will be suppressed, whereby dishing
will be suppressed.
The protection film-forming agent contained in the
polishing composition may be benzotriazole or a
benzotriazole derivative. The benzotriazole derivative
25 1is one having hydrogen atoms bonded to the five-membered

ring of benzotriazole replaced by other atomic groups.

With a view to suppressing dishing more strongly, the



conposition is preferably at nost 1 g/L, nore preferably at nost 0.2 g/L.
10 The nonionic surfactant contained in the polishing conposition of this
enbodi ment has a function to be adsorbed on the hydrophobic surface of the
protection filmby the above anionic surfactant and the above protection
filmformng agent, to forma protection film is A hydrophobic portion of
the nonionic surfactant will be bonded-té8t he hydrophobic surface of the
protection film_ by the ionic surfactant and the protection filmform ng
agent, and aqﬁ?d:reo%ttﬁqrf ctalgd'i‘_tné%’ﬂ“]d?g 3 n‘f%rhtr%lré%cﬁ)f%t% i P/\?LrS}BJen?ocat ed
at the side ocpé)mosgé.etiton tihse 2 eé‘é’xda[ olphonl):)éﬁ:z sgr{gcglgf tfﬁnet%rot ection film by
the anionic Surtactant and %'ne prokfe%tlon YR %or hi ng agerﬁ. Ther ef or e,

the surface ofeddie (et e WILAY LIS 10N OO o SULTAGKANE CAOp[RY On (e

hydr ophobi ¢ surtace o e protection €@ ani oni c sur and

the 25 prote Jm 'y‘H Id’@flpéﬁ’gcgprlaagze ta @%Mﬁ?%'%ﬁét%rg‘gﬁyﬁg’gﬂ%m .

protection fi he nonionic surfactant is torne on t

surface of trkleom 195@&“ gglﬂlb%/%ﬁec@%}f@ bm%gé cr%fﬁﬁ{gﬁénagg t he

protection fi orm ng dagent, Inity tween t rasive grains and

the surface iy 16 CORMUCTAL 1 QYR edhiM H%béi&érpcéﬁyggitmet@ﬂethe stock

i
renoval rate of the conductor layer 14 by the s polishing conposition wll

be inproved. AS-fadeB lshNeofhEASSH VEaHOET PASCand EHRsS4 @Skt I§OVRE rate
of the conductor layer 14 by the polishing conposition due to the use of

t_he above anig;ﬂﬁ@rﬁﬁtmr@é}dogf@i@bpve protecti on fi I mform ng agent,
w Il be suppressed. 10 The nonionic surfactant contained in the polishing
In the protection film by a benzotriazole
10 derivative, the five-membered ring portion of the
benzotriazole derivative is bonded to the surface of the
conductor layer 14, and the benzene ring portion of the
benzotriazole derivative is located at the side opposite
to the surface of the conductor layer 14, whereby the
15 surface has hydrophobicity.
The content of the protection film-forming agent in
the polishing composition has a close relation with the
stock removal rate and the suppression of dishing. If it
is too small, no adequate protection film to strongly
20 suppress the excessive polishing of the conductor layer
14 will be formed on the surface of the conductor layer
14, whereby dishing may not be sufficiently suppressed.
With a view to suppressing dishing more strongly, the
content of the protection film-containing agent in the
25 polishing composition is preferably at least 0.001 g/L,

more preferably at least 0.01 g/L. On the other hand, if

the content of the protection film-forming agent in the



conposition contains at |east one nonionic surfactant represented by the
chemr*cal fornula R2-X2 and having a HLB value of from10 to 16. Here, R2 is
an al kyl group, and X2 is a pol yoxyethyl ene group, a pol yoxypropyl ene is
group or a poly(oxyet hyl ene-oxypropyl ene) group. The content of the

noni oni ¢ surfactant in the polishing conposition has a close relation with
t he suppression of the decrease of the-sB8ck renoval rate and the

suppr essi on of _di an : ,1.S too small,

If it th ive, d f th
stock renpvalPPae tcf?é“polcsdTHLﬂﬂ or® Ita%?erlaf@??'aﬁ:q?%ﬁ)c%‘itsé%%oﬂglcélefge ° ©
d. W.t i t SSi th i d f th t ock
suppresseS, Vi1 13 Vioule SRBLESUID Al gCiteLye dsprgpee o (he stor
factant i |i i i ti is .25 f b 1 g/lL,
o e prof er bR e ae Vi GRTD A (i i BE A et Sty O
most  pref er ghl ¥qfa§{: ﬂeeaﬁ%pr?qi%s%d-'to Al ot her hand. rrHl%tlﬁjin Ct%’ét ﬁgt of

t he noni oni ¢ ‘sur t ant e polishing conpositionis too large,

action to;SURRIRSS S RiNg % td¥e 3 rfd:ﬁdﬁé cf and ¢h ot ection
filmfor msng agent i s Ia!qkeﬁyeto e weg’{;H ere%y %n%s%l ng k|S§§et—[}|p§<_el y to s
occur . Furt Ngjoy st bidduigedilt {die ROSNh CUMOSbA Ot (e POkd sh the
conductor layer 14 may rather decrease. h a view to suppressing dishing

more strongl br&tf&ti%ﬁtﬁmm@oﬁmfgoagé}m Ciﬁbﬂﬁé‘%@ﬁ:sﬂ{h%he pol i shing
conposition is preferably at npst g/L, nore preferably 10 at nost 10 g/L,

further pref @capatiati PSls ¥ lerd®S) atPmpisy ably/Bl Fosd Préfdradhe
noni oni ¢ surfactant contained in the polishing conposition of this
enbodi nent hag adpty s .ealgmar anet er
10 The nonionic surfactant contained in the polishing
composition of this embodiment has a function to be
adsorbed on the hydrophobic surface of the protection
film by the above anionic surfactant and the above
protection film-forming agent, to form a protection film.
15 A hydrophobic portion of the nonionic surfactant will be
bonded to the hydrophobic surface of the protection film
by the anionic surfactant and the protection film-forming
agent, and a hydrophilic portion of the nonionic
surfactant will be located at the side opposite to the
20 hydrophobic surface of the protection film by the anionic
surfactant and the protection film-forming agent.
Therefore, the surface of the protection film by the
nonionic surfactant formed on the hydrophobic surface of
the protection film by the anionic surfactant and the
25 protection film-forming agent, has hydrophilicity. Once
the protection film by the nonionic surfactant is formed

on the hydrophobic surface of the protection film by the



so-called a cloud point. This cloud point has a close 15 relation with the
intensity of the corrosive action of the polishing conposition. |If the

cl oud point of the nonionic surfactant contained in the polishing
conposition is too high, the corrosive action of the polishing conposition
is likely to be excessively 20 intensifiedg Wth a view to inhibiting the
excessive increase of the corrosive action of the polishing conposition,

t he cl oud poiaridfid heurfatomitc sad ftaod gtot et @i Nl o nf ddei gl agdming
conposition is preferably at nost 90C, nore preferably at nost 50C, nost
preferably 2heatafmbisiit3p®eteeravdiagbmeies gfaimepeatd ngheinstsface X2 in
the nonionic surfactant contained in the polishing 42 conposition, has a
cl ose rel ati af wilteh adredwsdiabilayer df4 wihel romi onproved f acdhemeby nthater. |f
it is too small, the nonionic surfactant tends to be hardly soluble in

wat er. Wth staddw temdivel essfinpd Hehaes o apdudtgr ofaydre B4 nonioméc surfact ant
in water, the average nunber of repeating units in X2 is preferably at

| east 2, Aor@olpretiorabtgmensitean Billobe hnprdnesd hadd, & freshvd tava@mage
nunber of repeating units in X2 in the nonionic surfactant contained in the
pol i shing corfssiadiorr ideerRra® inrtdes seeh koneGzl orpts ¢fKkelry to occur at
the wiring edge_portion in the conductor_|ayer 14. Wth a view to

suppr essi ng MRAFUKRT JAAT ok thie the iRRL bdnpremeesitior dvert@e nunber
of repeating units in X2 is preferably  at nost 20, nore preferably at nopst
15, nost prefidradtse 9k e rﬂR‘f"elOaanPfél‘T-lL%W/%?%‘éa% e i P sur f act ant

cont ai ned , , . .
protection film-forming agent, will be suppressed.

10 The nonionic surfactant contained in the polishing
composition contains at least one nonionic surfactant
represented by the chemical formula R2-X2 and having a
HLB value of from 10 to 16. Here, R2 isgs an alkyl group,
and X2 is a polyoxyethylene group, a polyoxypropylene

15 group or a poly(oxyethylene-oxypropylene) group. The
content of the nonionic surfactant in the polishing
composition has a close relation with the suppression of
the decrease of the stock removal rate and the
suppression of dishing. If it is too small, the

20 excessive decrease of the stock removal rate of the
conductor layer 14 may not be strongly suppressed. With
a view to suppressing the excessive decrease of the stock
removal rate of the conductor layer 14, the content of
the nonionic surfactant in the polishing composition is

25 preferably at least 0.01 g/L, more preferably at least
0.05 g/L, further preferably at least 0.1 g/L, most

preferably at least 0.3 g/L. On the other hand, if the



in the polishing conposition has a close relation wth the suppression of
the decrease of the stock renoval rate and suppression of dishing. If it is
too I ow, the 20 excessive decrease of the stock renoval rate of the
conductor |ayer 14 may not so strongly be suppressed. Wth a viewto
suppressing the excessive decrease of the stock renoval rate of the
conductor layer 14 nore strongly, the HLBlval ue of the nonionic surfactant

25 contained in the po iﬁpin conposition is preferably . least 10, nore
Corabl y aCTtt R % (TR B g coiet BGLL GRS pr of er b
2[e|§;§t {1é5. 43 .On the other ha;Br if th;vle vglue of the gop{gnﬁga d
surfactant cSHIETIM thie B8 iy GHHATHTh §2 ?%prﬁ%h,l%"lhjen%cti on

t i i by. t h. i i f act ant d the. ti .

11 For m ng Hoatte i e AR At ahernst e St TEM PRerire o
ocour. W th alew o SUpRr sssing JLShi ng,amne, sirongly. L heyfLB, yalve of
t he noni oni ¢ St act I ol i SH i

ctant in4he p I'fg ~ conmposition is preferaply at nost
16, f t furt | W - . t t
oref rabl 5 16 sthsFupsTEY, he STy U0 Re Bot iln iRl ohibodion, a0
t : e halel
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agent. The 15q¥ dj zjng, a&?@ué}%}@si‘c Qﬂé}ﬁﬁg? xﬁ&éﬁé@?&ﬁleﬁgo tor layer

14 and thus serves to inprove stock renova rate o _ nductor |ayer
14 by the poldsflidit SOMRASIAdPon kb6 oxt fAZig AY9ete GONT Aletyi n the

pol i shing conposition nmay be a peroxide such as hydrogen
composition is preferably at most 20 g/L, more preferably
10 at most 10 g/L, further preferably at most 5 g/L, most
preferably at most 3 g/L.

The nonionic surfactant contained in the polishing
composition of this embodiment has a physical parameter
so-called a cloud point. This cloud point has a close

15 relation with the intensity of the corrosive action of
the polishing composition. If the cloud point of the
nonionic surfactant contained in the polishing
composition is too high, the corrosive action of the
polishing composition is likely to be excessively

20 intensified. With a view to inhibiting the excessive
increase of the corrosive action of the polishing
composition, the cloud point of the nonionic surfactant
contained in the polishing composition is preferably at
most 90°C, more preferably at most 50°C, most preferably

25 at most 35°C.

The average number of repeating units in X2 in the

nonionic surfactant contained in the polishing



20 peroxi de or ammonium persulfate. Wth a view to reducing netal

contam nation of the conductor layer 14 attributable to an oxidizing agent,
hydrogen peroxide is preferred. If the content of the oxidizing agent in
the 25 polishing conposition is too small, the stock renoval rate of the
conductor |ayer 14 by the polishing conposition will not be substantially
inproved. Wth a 44 view to inproving thé2stock renoval rate of the

conductor layer 14 hy the polishing conposition substantially,, the _content
P Che oxi di SERPEGHET 1 TiiRe Do SHE T ThBbar b i 7 Cret LY o 1 east
(i g/ L,e (r)rélrel qug?ergbl .snat Ieagstt 31_1 Jrrl?e rpst pr %f er ablsy%c;t | ea )95 g/ L.ea%n
the other har#lc?, qqn]toﬁ‘elccc?ﬁ’tréc‘?ﬁc i %@’ okt iz n& adé:ntl I ﬁqt%g‘m% i shi ng

iti ISt |, th | i shi bilit f_th i,shi
Compost 1 on he SRR SRR e Sl SELRILNG
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strongly, the conten € oxidizin n polishi*fng = conmposition
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referably f : i i t chi h
p y Weg%%rtl%@tﬂ&lr}%t & %&f@&%@e&%ﬁfbslg‘%t &G, 28‘25%% as a

function to et t he —con or layer 14 an ves to I npr e stock

renpval rate e pISPHHI Y s aslv._er oR? tRY Elﬂﬁel}oh'xiaﬁlai,anC(%@%o%j\;ér%@e The

et ching agent containéd in the polishing conposition may 20 be an a-"am no

acid such as @M r a_ﬁleg;ga{ﬁr@{ Maldden W tih apnd ewd Qo {@r ovi ng the stock
renoval rate of the conductor Tayer 14 by the polishing conposition nore,
surfactant contained in the polishing composition is too
10 large, metal corrosion is likely to occur at the wiring
edge portion in the conductor layer 14. With a view to
suppressing metal corrosion at the wiring edge portion,
the average number of repeating units in X2 is preferably
at most 20, more preferably at most 15, most preferably
15 at most 10.
The HLB value of the nonionic surfactant contained
in the polishing composition has a close relation with
the suppression of the decrease of the stock removal rate
and suppression of dishing. If it is too low, the
20 excessive decrease of the stock removal rate of the
conductor layer 14 may not so strongly be suppressed.
With a view to suppressing the excessive decrease of the
stock removal rate of the conductor layer 14 more
strongly, the HLB value of the nonionic surfactant
25 contained in the polishing composition is preferably at

least 10, more preferably at least 10.5, further

preferably at least 11, most preferably at least 11.5.



glycine is preferred. If the content of the etching agent in the polishing
25 coenposition is too small, the stock renoval rate of the conductor |ayer
14 by the polishing conposition will not be substantially inproved. Wth a
view to inproving the 45 stock renoval rate of the conductor |ayer 14 by
the polishing conposition substantially, the content of the etching agent
in the polishing conposition is preferabl$3 at least 0.5 g/L, nore

f bl t | t /L, furth, f t_| t 3 g/L, t
orererably 2ol 98 A nah! L SRR B LSRR R o g
O 1A BN, SRIMEELALN | Sl L85 4 ey pl L g LY
e

iti i I t b t 30 g/L,
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abr asi ve grains. rasi ve grains play a role of nechanically polish the
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conductor layer 14 by th I i on. abr asi ve grains

contained in Jfifie RO I SHU NMHLONPAST 0L FBYRDE ST Eh Lo W i GG Vi ew to
reduci ng surface defects of the conductor layer 14 after pol7ishing,
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25 polishing conposition is too small’, the stock renoval
most 15, further preferably at most 14, most preferably
10 at most 13.5. Here, the HLB value of the nonionic
surfactant may, for example, be obtained by a Griffin
method.
The polishing composition of this embodiment
preferably further contains an oxidizing agent. The
15 oxidizing agent has a function to oxidize the conductor
layer 14 and thus serves to improve the stock removal
rate of the conductor layer 14 by the polishing
composition. The oxidizing agent contained in the
polishing composition may be a peroxide such as hydrogen
20 peroxide or ammonium persulfate. With a view to reducing
metal contamination of the conductor layer 14
attributable to an oxidizing agent, hydrogen peroxide is
preferred.
If the content of the oxidizing agent in the
25 polishing composition is too small, the stock removal

rate of the conductor layer 14 by the polishing

composition will not be substantially improved. With a



rate of the conductor layer 14 by the polishing conposition will not be
substantially inproved. Wth a 46 viewto inproving the stock renoval rate
of the conductor I|ayer 14 by the polishing conmposition substantially, the
content of the abrasive grains in the polishing conposition is preferably
at least 0.5 g/L, nore 5 preferably at least 1 g/L, nost preferably at |east
5 g/L. On the other hand, if the content4®f the abrasive grains inthe

pol i shing conposition is tao |ar e, O|IS abl of t ol i shing
compont 1on BB b i il BBhIATY il oy
strongly, & 3¢5 té létht’?e pé)bffg]ll\ﬂ? é:roglpr%gl%plr?r{ ﬁeri%;otlalr%t?ﬁ %m tion
L?Jé?éﬁ{i‘b'ae‘ Arsl 1%?1 Uit e gd é.n@”‘;ls%sahf’% ft’s{"z’it of the
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contained int e po ing conposition 1s prefera y a ast nm nore
preferably  af1liea3hqd JE% JY e.l.fsertQ)Q‘J Wadlgd, eaé%e S sHIhd %1215163} her
hand, if the aver age pr ry particle size of the rasive gralns cont ai ned

Isgt E lh: :ogl 't ﬁ?fnﬁh%o@bq%'sﬁh% 'c%mﬁd?ﬁtllfﬂrgeaga{ﬂ%tabﬂﬁeg'é/cﬁlcﬁ{@ddks tand-to
14 tends to be too high, whereby dishing is likely to
10 occur. With a view to suppressing dishing more strongly,
the content of the oxidizing agent in the polishing
composition is preferably at most 30 g/L, more preferably
at most 20 g/L, most preferably at most 15 g/L.
The polishing composition of this embodiment
15 preferably further contains an etching agent. The
etching agent has a function to etch the conductor layer
14 and serves to improve the stock removal rate of the
conductor layer 14 by the polishing composition. The
etching agent contained in the polishing composition may
20 be an a-amino acid such as glycine, alanine or valine.
With a view to improving the stock removal rate of the
conductor layer 14 by the polishing composition more,
glycine is preferred.
If the content of the etching agent in the polishing
25 composition is too small, the stock removal rate of the

conductor layer 14 by the polishing composition will not

be substantially improved. With a view to improving the



pol i shing conposition. Wth a view to preventing such settlenment of the
abrasive grains, the average primary particle size of the abrasive grains
contained in the polishing conposition is preferably at nost 200 nm nore s
preferably at nost 100 nm nost preferably at nost 50 nm Here, the average
primary particle size of the abrasive grains is calculated fromthe
specific surface area of the abrasive grabns, neasured by a BET nethod. The
pH of the polishing conposition of this io_ enbodi nent has a close relation
with the adsdtfrgorremptaloradie e Hf orrrduckdacktarry ot thie e face of the
conductor l|ayer. 14. For this adsorption actjon to work efficientlg, the pH
of the poli sHHG LHRHGIRABIEIOR b RN IR bE 1 (s ateMeu®t afieo
acidic. However, if Is the pH of the polishing conposition is in a strongly
aci di ¢ range, etHHRBARIAT i iRy R ISR rcoMReI Y Hthgl §, PYRESHRPHY t he
polishing conmposition is at least 2. Further, with a view to suppressing

di shing nor @ty P - 1 Y ToH T8 REYRTIM NP ot t1 o s Dorbhereranl y
at least 4, nore preferably at least, 6. On the other_ hand,.if the pH of the
pol i shi ng%orﬁ%’sﬁ‘% ¥ @t j1pagt & I&Aﬁ’ﬂé“?%ﬁdélfe‘gee’i%hlp‘és?‘ii]o%a%? an et ching

agent in the polishing conposition is likely to occur. as the _.tine passes,
and the pot gf}fjlé' of’Tt Irrg‘ep(?t' i &P@“%S b GO b SfaktisalatF eases.

Further, 11 (R BT e SO SMHG CORBOS {1 9h Bhcuatl 399 0. “For mat  on of
the protectiaon filmby the anionic, surfactant is |ikely.to be prevented.
Wih' a view T IHGEL AR A o 10T ot SRS THE KOhpRer thEh, t he
the conductor layer 14 tends to be too high, whereby
10 dishing is likely to occur. With a view to suppressing
dishing more strongly, the content of the etching agent
in the polishing composition is preferably at most 50
g/L, more preferably at most 30 g/L, further preferably
at most 20 g/L, most preferably at most 15 g/L.
15 The polishing composition of this embodiment
preferably further contains abrasive grains. The
abrasive grains play a role of mechanically polish the
conductor layer 14 and serve to improve the stock removal
rate of the conductor layer 14 by the polishing
20 composition. The abrasive grains contained in the
polishing composition may be silica. With a view to
reducing surface defects of the conductor layer 14 after
polishing, colloidal silica is preferred.
If the content of the abrasive grains in the
25 polishing composition is too small, the stock removal

rate of the conductor layer 14 by the polishing

composition will not be substantially improved. With a



pH of the polishing conposition is preferably at nost 5 8.5, nore preferably
at nost 8. According to this second enbodi nent of the present inventi
the following nmerits can be obtained. The polishing conposition of this

enbodi nent contains an anionic surfactant and a protection film 10 form ng
agent as conponents having a function to suppress dishing, and a noni
surfactant as a conponent to suppress an4éxcessive decrease of the st
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polishing ability of the polishing composition against
the conductor layer 14 tends to be too high, whereby
dishing is likely to occur. With a view to suppressing
dishing more strongly, the content of the abrasive grains
in the polishing composition is preferably at most 100
g/L, more preferably at most 50 g/L, most preferably at
most 20 g/L.

If the average primary particle size of the abrasive
grains contained in the polishing composition is too
small, the stock removal rate of the conductor layer 14
by the polishing composition will not be substantially
improved. With a view to improving the stock removal
rate of the conductor layer 14 by the polishing
composition substantially, the average primary particle
size of the abrasive grains contained in the polishing
composition is preferably at least 3 nm, more preferably
at least 5 nm, most preferably at least 8 nm. On the
other hand, if the average primary particle size of the
abrasive grains contained in the polishing composition is

too large, the abrasive grains tend to settle in the

oth
nmance
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Conparative Exanples 5 to 14 were prepared by m xing an anionic surfactant,
a protection filmform ng agent, a nonionic surfactant, an oxidizing agent,
an etching 10 agent, abrasive grains and a pHcontrolling agent with water,
as the case requires. The details of the anionic surfactant, the protection
filmformng agent, the nonionic surfactant, the oxidizing agent, the
etching agent, the abrasive grains and-t#& pH-controlling agent 1s in each
pol i shing conpgsition, and the pH of each poglishing conposition, are as
shown i n TablRS IAARY SOMRGE YO0l HAkDf 8r VisWolR PERYERTING SUSH Tables 4
and 5, the stock renoval rate i§ shown whi ch was .obtai ned when a copper

bl anket  waf oS AT (i tGera 2 SO R S vt SASE (FHGHFA The
polishing conditioons as identified.in Table 6 by neans of each aof the

bol i shing coMiAieneLas Tl EPUEE AT GF AP GHARIVATEHDI 05 5 to

14. The stock .renmoval rate s. obt.ai ned i.viding the (fference in

Lhi cknoss of BoA TR S P a5t kst aerithes Ssbath 1 o ST SHIGHE by t he
polishing tine. For.the  neasuyr t of the thickne of the fer, a sheet
Posi stance miEaReBRs ol SEE AR F90 M A T oy 0O F L T

El ectric Sys m Sert iec%wCo.at eLtd..mV\Aas use 'icl n t hiezecog,ﬁlim%é‘ or ;Qif@i ng" in
Tables 4 and ‘5, t'he ¥ TS P RS diftnt of° tHe™ IS i‘hg amountt of a

copper pat tepn, Al e, (B34 SnS)k DA LG D Ofc SEMYIEC peld shed by, s, greans of

each of the 1"I"ShI Ng conpositions o anple a nparative

Exampl es 5 tQq14,,,8r8 ;370 raj]n%t)eqﬁégsg_ggéo ,kp}a%ea%ﬁqgﬁ%tc;pcg&'tern waf er of

SEMATEC conprises a barri ayer ma conductor | ayer

made of copper aﬁﬂubﬁﬁimkf%ﬁé“é%ﬁ¥§ﬁ&ﬁ§ composition of this

10 embodiment has a close relation with the adsorption
action of the anionic surfactant to the surface of the
conductor layer 14. For this adsorption action to work
efficiently, the pH of the polishing composition is
required to be from about neutral to acidic. However, if

15 the pH of the polishing composition is in a strongly
acidic range, substantial dishing will occur.
Accordingly, the pH of the polishing composition is at
least 2. Further, with a view to suppressing dishing
more strongly, the pH of the polishing composition is

20 preferably at least 4, more preferably at least 6. On
the other hand, if the pH of the polishing composition is
in an alkaline range, decomposition of an etching agent
in the polishing composition is likely to occur as the
time passes, and the pot life of the polishing

25 composition substantially decreases. Therefore, the pH
of the polishing composition is required to be at most 9.

Further, if the pH of the polishing composition exceeds



10 1,000 nm sequentially formed on an insulator |ayer made of silicon

di oxi.de and having trenches, and has an initial concave portion with a
depth of 500 nmon the wupper surface. This copper pattern wafer was
prelimnarily polished by means of a polishing material is "PLANERLI TE-7105"
of FUJIM | NCORPORATED under the polishing conditions as identified in
Table 6 until the thickness of the condugBor |ayer becane 300 nm before
pol i shing by nmeans of each of the polishing conpositions of Exanples 32 to
57 and ConparPat ifpgrmRtdmy ef 3heo prptexs ivverfily e ddse cinideir of t he

pol i shing conpositions of Exanples 32 to 57 and Corg;p.ar ative Exanples 5 to
14, the copper fegtasit isaflakedit dro thee RIresIsHigfhr y Wadh @hivdgw W&s pol i shed
under the polishing conditions as identified in_ Table 6 unti] the upper

| ayer of the iFEBIENT dha 2% dfs&f thremafighindCorRasttofory pilkgi | er
"HRP340" as a contact type surface neasuring, apparatus of KLA-Tencor

Cor por at i on, Bthefditdif Rp Lfdumg v RRsidirdl Bt REFe@b B atofmesleh waf er
where a trench with a width of 100 pin was independently forned. In the

col umm fof "fot>/ e Rrefaiadd ¥4 3ndast the results of evaluation of the
pot life of each of the 5 polishjng conpositions of Exanples 32 to 57 and
Conpar ati ve Exanrﬁ%%ogltrég 1 atrl'él%h%‘?/ﬁf?n‘%p%’@?‘?‘?%’&?’i‘?,o USRI PESRFP b t he
pol i shi ng conpositions of Ex les, 32 to 57 and Conparative Exanples 5 to
14 i rmedi at el Y VEREOR 1 Hd S riepardtingh U e FRbis tp?ﬂr?‘%cﬁi ng conpositions
of 10 Exanples 3 lrtlo 57, and, Coné)arati.ve. Exanpl es. 5 trgb14. after being left
to stand still for™a# %qui?ﬂﬁﬁﬁ%ﬁﬂontgﬁp 17 UTBPYAHRERF 25C after the

preparation’contains an anionic surfactant and a protection film-

10 forming agent as components having a function to suppress
dishing, and a nonionic surfactant as a component to
suppress an excessive decrease of the stock removal rate
of the conductor layer 14 by the polishing composition
due to the use of the anionic surfactant and the

15 protection film-forming agent. Therefore, the polishing
composition of this embodiment can satisfy both the
required performance relating to dishing and the required
performance relating to the stock removal rate.
Accordingly, the polishing composition of this embodiment

20 is particularly useful for an application to polish the
conductor layer 14 in a semiconductor wiring process.

The above embodiment may be modified as follows.
The polishing composition of the above embodiment
may be prepared by diluting a concentrated stock solution

25 before use.

To the polishing composition of the above

embodiment, known additives such as a pH-controlling



respectively, copper blanket wafers were polished under the polishing
condi-tions as identified in Table 3. And, is the stock renoval rate was
calculated by dividing the difference in thickness of each wafer as between
before and after the polishing by the polishing tine, and the pot life of
each polishing conposition was eval uated, based on the conpari son between
the stock renoval rate 20 with the polishBAg-conposition inmedi ately after

the preparation and the stock removal rate with the polishin osition
[eft fo StanddeH 1 AIARE LREBISE HH (thle RATHRP 1R pdtaY | F8 294 good)
means that the decrease .in the stock renoval rate was |ess than 5% and A
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was observed.onionic surfactant, an oxidizing agent, an etching
10 agent, abrasive grains and a pH-controlling agent with
water, as the case requires. The details of the anionic
surfactant, the protection film-forming agent, the
nonionic surfactant, the oxidizing agent, the etching
agent, the abrasive grains and the pH-controlling agent
15 in each polishing composition, and the pH of each
polishing composition, are as shown in Tables 4 and 5.
In the column for “stock removal rate” in Tables 4
and 5, the stock removal rate is shown which was obtained
when a copper blanket wafer having a diameter of 200 mm
20 was polished under the polishing conditions as identified
in Table 6 by means of each of the polishing compositions
of Examples 32 to 57 and Comparative Examples 5 to 14.
The stock removal rate was obtained by dividing the
difference in thickness of each wafer as between before
25 and after the polishing by the polishing time. For the

measurement of the thickness of the wafer, a sheet

resistance measuring apparatus “VR-120”, manufactured by
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FCF P4 Cafl U In the column for “dishing” in Tables 4 and 5, the
results of measurement of the dishing amount of a copper
pattern wafer (854 mask pattern) of SEMATEC polished by

5 means of each of the polishing compositions of Examples
32 to 57 and Comparative Examples 5 to 14, are shown.
Specifically, the copper pattern wafer of SEMATEC
comprises a barrier layer made of tantalum and a
conductor layer made of copper and having a thickness of

10 1,000 nm sequentially formed on an insulator layer made
of silicon dioxide and having trenches, and has an
initial concave portion with a depth of 500 nm on the
upper surface. This copper pattern wafer was
preliminarily polished by means of a polishing material

15 “PLANERLITE-7105” of FUJIMI INCORPORATED under the
polishing conditions as identified in Table 6 until the
thickness of the conductor layer became 300 nm, before
polishing by means of each of the polishing compositions
of Examples 32 to 57 and Comparative Examples 5 to 14.

20 Then, by means of each of the polishing compositions of
Examples 32 to 57 and Comparative Examples 5 to 14, the
copper pattern wafer after the preliminary polishing, was
polished under the polishing conditions as identified in
Table 6 until the upper layer of the barrier layer

25 exposed. Thereafter, by means of a profiler “HRP340” as

a contact type surface measuring apparatus of KLA-Tencor

Corporation, the dishing amount was measured at an area
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5 polishing compositions of Examples 32 to 57 and
Comparative Examples 5 to 14 are shown. Specifically,
using each of the polishing compositions of Examples 32
to 57 and Comparative Examples 5 to 14 immediately after
the preparation and each of the polishing compositions of

10 Examples 32 to 57 and Comparative Examples 5 to 14 after
being left to stand still for 14 days in a constant
temperature tank of 25°C after the preparation,
respectively, copper blanket wafers were polished under
the polishing conditions as identified in Table 3. And,

15 the stock removal rate was calculated by dividing the
difference in thickness of each wafer as between before
and after the polishing by the polishing time, and the
pot life of each polishing composition was evaluated,
based on the comparison between the stock removal rate

20 with the polishing composition immediately after the
preparation and the stock removal rate with the polishing
composition left to stand for 14 days at 25°C. 1In the
column for “pot life”, O (good) means that the decrease
in the stock removal rate was less than 5%, and A

25 (slightly poor) means that the decrease in the stock
removal rate was from 5 to 10%, and X (poor) means that

the decrease in the stock removal rate was more than 10%.
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Examples 32 to 57 and Comparative Examples 5 to 14 are

5 shown. Specifically, presence or absence of corrosion
was observed by means of Review-SEM RS-400 of Hitachi
High-Technologies Corporation, at the wiring edge portion
of a wiring with a width of 0.25 pum in a copper pattern
wafer of SEMATEC polished with each of the polishing

10 compositions of Examples 32 to 57 and Comparative
Examples 5 to 14. Based on the observation results, the
intensity of the corrosive action of each polishing
composition was evaluated. In the column for
“corrosiveness”, O (good) means that no corrosion was

15 observed, and X means that corrosion was observed.
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A1/ | B1/ |C1/ D1/ | E1/ | F1/ Gl/
100 0 Jalo.05l1.8]22:8] 32 | 1551 101 10 [30]5 5| 10-9]495] 62 X1 O
A1/ | B1/ | C1/ D1/ |El/ | F1/ G2/
1 5.1a]0.05|1.8] 8 32 |10.2{ 10| 10 |3°|1.0] 16 |899|2%0 A X
Al/ | B1/ |Cca/ . D1/ |E1/|F1/
1210 .1a]0.05)1.2| ¥ | M1 ]102] 10 10 |%° 6. 71321 -4 -1~
Al/ | B1/ | C5/ D1/ |E1/|F1/
131 0 9alo.0sloel18:1]>200( "t g | 1o |30 6.7 4501 125) O | X
Al/ | B1/ |Ce6/ , | D1/ |E1/|F1/
M10.1a]0.05]1.2] 2° 10.2| 10 | 10 |°° SR ISl e

*Insoluble in water



20 the average nunber of repeating oxyethylene units is 9, C4 represents
acetylene diol, C5 represents polyoxyethylene |auryl ether wherein the
average nunber of repeating oxyethylene units is 30, and C6 represents

pol yoxyet hyl ene | auryl ether wherein the average nunber 25 of repeating
oxyethyl ene units is 2. Here, the carbon nunber of the alkyl group in the
pol yoxyet hyl ene alkyl ether is from12-t8714. 58 |In the colum for
“oxi di zi ng agent"_in Tabl 4 and 5, D1 represents hydroge roxide. In
the colum for "etthi e ai?‘?ffTaEb‘?Je%mAc Elon ,Ctﬁl‘yr eb&e@%ﬁf@sg‘ﬂyci ne. s
In the colum for_ "ahrasive grains” jin Tahles 4 and 5. Fl represents

col | oi dal si Ia\r’:‘g.S’l % ﬁeepcroq%ﬁsf &ol p%f’f:eg:rﬂyfloﬁrﬁ gga%@%]ntét}?%lpTabl es 4 and
5, Gl represents potassi hydr,oxi de nd &2 _represents nitri cid. 13
TABLE 6 Ono SIMHOTHOM ST i RcHISH it A e 35T SRUTRE frethi TR 7%,

Pl shi g pad SRR IR T, e e T g RN h e 8y oni ¢

Mat eri al s Polyj 'egde?:}%%i 5 AU L S &K RAN r A LS L T 3 & L QL pLdonal

speed: 100 rpm rate o
number of repeating oxyethylene units is 1.5, A3

represents polyoxyethylene lauryl ether ammonium
sulfonate wherein the average number of repeating
oxyethylene units is 2, A4 represents ammonium lauryl
10 sulfate, A5 represents ammonium lauryl benzene sulfonate,
and A6 represents ammonium lauryl sulfate.
In the column for “protective film-forming agent” in
Tables 4 and 5, Bl represents benzotriazole.
In the column for “nonionic surfactant” in Tables 4
15 and 5, Cl represents a polyoxyethylene alkyl ether
wherein the average number of repeating oxyethylene units
is 7, C2 represents polyoxyethylene lauryl ether wherein
the average number of repeating oxyethylene units is 4.2,
and C3 represents polyoxyethylene lauryl ether wherein
20 the average number of repeating oxyethylene units is 9,
C4 represents acetylene diol, C5 represents
polyoxyethylene lauryl ether wherein the average number
of repeating oxyethylene units is 30, and C6 represents
polyoxyethylene lauryl ether wherein the average number
25 of repeating oxyethylene units is 2. Here, the carbon
number of the alkyl group in the polyoxyethylene alkyl

ether is from 12 to 14.



polishing 200 nL/mn conposition: Carrier rotational speed: 100 rpm As
showmr in Tables 4 and 5, in Exanples 32 to 57, practically satisfactory
results were obtained with is respect to each of the stock renoval rate, the
dt shing, the pot life and the corrosiveness. Wereas, in - 59 Conparative
Exanples 5 to 14, practically satisfactory results were not obtained with
respect to at |least one of the stock rem»Bal- rate, the dishing and the pot

life. Further, (:) ip_.the.-columms for.%dishing", "“pot. |ife% an
"corrosiveness” i%%c%ﬁ%aFa%PWE 5np?§%d%?l§? ?éff, 15 &3%&Ef7% %@ghs t hat

t he stock reﬁvaﬂlrpéérgxggnfg ﬁf&&%@J%éngfﬁésur enent or eval uation was

i npossi bl e. ‘e ‘entire di sclosufes panese Patent 10 Application No.

2006- 211453 f | edrpn, AUOUSS w2y 2000200, dapanese -Patent ARl kcatios No.

2006- 211454 filed on ugust 6 1 nc speciftications, clalns,

drawi ngs an I €41 orated herein by reference in their
PR R PE

entireties. 1s 60 - pol i shing conposition conprising an anionic

surfactant; and a paNERAI eosHhhagbankapphakaet girhagd i An Hadhha gegposition
is prepared so that the water s contact angle”of the surface of an object to

be polished, safger bsl08eROLi shedoDYatihgieoaROsition, would be at nost
600.

In the column for “pH-controlling agent” in Tables 4
and 5, Gl represents potassium hydroxide, and G2
represents nitric acid.

10

TABLE 6

One side polishing machine for CMP,
Polishing machine: Mirra, manufactured by Applied
Materials, Inc.

Laminated pad made of polyurethane,
Polishing pad: IC-1000/Suba IV, manufactured by
Rohm and Haas Electronic Materials

Polishi .
© tng 2 psi (= about 13.8 kPa)
pressure:
Table rotational 100 rpm
speed:
Feed rate of
polishing 200 mL/min
composition:
. fati
Carrier rotational 100 rpm

speed:

As shown in Tables 4 and 5, in Examples 32 to 57,
practically satisfactory results were obtained with
15 respect to each of the stock removal rate, the dishing,

the pot 1life and the corrosiveness. Whereas, in



2. The polishing conmposition according to Claiml, wherein the anionic
surfactant contains at |east one to conpound represented by the chem cal
formula R1-Yl or Ri- X1-Y1, wherein Rl is an al kyl group, an al kyl phenyl
group or an al kenyl group, X1 is a polyoxyethyl ene group, a

pol yoxypropyl ene group or a pol y(oxyet hyl gge~ oxypropyl ene) group, and Y1 is
an anionic functional 15 group. 3. The polishing conposition according to
Caim?2, whetaipardtive tBrampleni T surfactpmct scal Tessauesbictorgar boxylic
acid, phosphoric acid, phosphorous acid, sulfuric acid, sulfurous acid or a
sal t thereof .rxilss MrREoldts pbip dveposi th oreseeor di agat ol emyt opee opt
Claims 1 to 3, wherein the nonionic surfactant contains at |east one
conpound repridseritarhyraenevahamical e dishire-aod WherkePh Rfes an al kyl
group, and X2 is a polyoxyethylene group, a Po]yoxypropxlene group or a 25
pol y( oxyet hy BHehs&pr opy| Ehejheyreriimnmd dlavi diskirgB  VePuel bfef rame10 to
16. 5. A process for, polishing an object to be polished, 61 conprising an

i nsul at or 5| ay&FOTHRRA HEReTHehey, CAMRP 1At Eon dEIMRESF aYer8 madle bt cbpper
formed on the inpsulator |ayer, said conductive ]ayer having an outside
portion |oca@®l bt et he R terfche SRtk AFFTPER Hel PR t YR FOcHP®dtRatn t he
trenches, which process conprises step of rennving,t?e majority of the
out si de port it HCFHFERGHIUE FVF R LHY Y7 | TRPRS Y- Feans of a
prelimnary polishing conposition, and a step of renoving the rest of the
outside portion of the conductor |ayer by polishing 10 by neans of the

pol 1 shing conposify on. as; Aeh08d L0,80Y of sapanese Patent

10 Application No. 2006-211453 filed on August 2, 2006 and
Japanese Patent Application No. 2006-211454 filed on
August 2, 2006 including specifications, claims, drawings
and summaries are incorporated herein by reference in
their entireties.

15



one of Clains 1 to 4, as a finish polishing conposition different fromthe
preli*m nary polishing conposition. 6. A polishing conposition having a pH
of from2 to 9 and conprising at |east one anionic surfactant is
represented by the chem cal fornmula R1-Y1l' or R1-X1-Y1l', wherein RL is an
al kyl group, an al kyl phenyl group or an al kenyl group, X1 is a

pol yoxyet hyl ene group, a pol yoxypropyl en&ogr-oup or a pol y(oxyet hyl ene-
oxypropyl ene) group, and Y1' is a SO3ML group or a SO4ML, 20 wherein ML is a
count er ion,‘H%§W6$éction filmformng agent different fromthe anionic
surfactant, and at |east .  one nonionic surfactant represented by the

cheni cal forhul & RREELIHEGIHPIBL GO FAMRYAS DGR 2P| s a

pol yoxyet hyl ene group, a | yoxypr opyl ene group or 25 , )

pol y( oxyet hyl%’r?”eﬁg‘?ﬁ&%top%fﬂgr%)n b?fg’?lc a%‘&lrﬁ‘?ﬁ?%@ta %E‘Bra?/’é?ﬁéz%‘ﬁ tfom 10 to
16. 7. The polishiqg cquosiIion accordiqg tg Caim6, 62 wherein the
average number?®dt TEDVTRRFE UM 15 RAPALSH 3 yEtay I ERe §roth, the

ol yoxypr opyl ene gr.ou th ol y(oxyet hyl ene- axypr opy! ene 0 Ln the
Pon! onr ¢ Seu At 1U5Ts o 280 SUFTESe, St sot SF PP cBneBel £ B
according to aim.6 or 7 erei.n the average. nunber of.repeatjng units in
the pol 3g/oxye5{ Eﬁ%r%eﬁ?%tﬁ)?l%e%oﬁ%o%}%r%%we%letjg?%Upw%?l?ﬁlge at "ost

pol y(oxyet hyl ene- oxypropyl ene) group in the anionic surfactant is at nost

6. 10 9. The‘%gmishing conposition according to any one of Clains 6 to 8,

e en 7 M o ol 0 AL L8 BOLSESLAR £ g, amon um
pol i shed, wherein the anionic surfactant contains at least one
10 compound represented by the chemical formula R1-Y1l or R1-
X1-Y1l, wherein R1 is an alkyl group, an alkylphenyl group
or an alkenyl group, X1 is a polyoxyethylene group, a
polyoxypropylene group or a poly(oxyethylene-
oxypropylene) group, and Y1 is an anionic functional
15 group.
3. The polishing composition according to Claim 2,
wherein Y1 in the anionic surfactant is a residue of a
carboxylic acid, phosphoric acid, phosphorous acid,
sulfuric acid, sulfurous acid or a salt thereof.
20 4. The polishing composition according to any one of
Claims 1 to 3, wherein the nonionic surfactant contains
at least one compound represented by the chemical formula
R2-X2, wherein R2 is an alkyl group, and X2 is a
polyoxyethylene group, a polyoxypropylene group or a
25 poly(oxyethylene-oxypropylene) group, and having a HLB

value of from 10 to 16.

5. A process for polishing an object to be polished,



conprising an insulator |layer having trenches, and a is conductive | ayer
made fof copper forned on the insulator |ayer, said conductive |ayer having
an outside portion |ocated out of the trenches and an inside portion
located in the trenches, which process conprises a step of renoving the
majority of the outside portion of the 20 conductor |ayer by polishing by
means of a prelimnary polishing conposifilon, and a step of renoving the

rest of the outsi,de portiaon of the conductor |ayer by polishing by means
of the pol i SHOTBTCSHHEITT omSiL e daty S g nch i BICHe S G G0 8, as a

fini sh poli ShigjghSRTRRSIY Rl (T Shlipdd PBAf RSl "R, PR S O
layer, said conductive layer having an outside portion
located out of the trenches and an inside portion located

5 in the trenches, which process comprises a step of
removing the majority of the outside portion of the
conductor layer by polishing by means of a preliminary
polishing composition, and a step of removing the rest of
the outside portion of the conductor layer by polishing

10 by means of the polishing composition as defined in any
one of Claims 1 to 4, as a finish polishing composition
different from the preliminary polishing composition.

6. A polishing composition having a pH of from 2 to 9
and comprising at least one anionic surfactant

15 represented by the chemical formula R1-¥1’ or R1-X1-Y1',
wherein R1 is an alkyl group, an alkylphenyl group or an
alkenyl group, X1 is a polyoxyethylene group, a
polyoxypropylene group or a poly(oxyethylene-
oxypropylene) group, and Y1’ is a SO;M1 group or a SO4M1,

20 wherein M1 is a counter ion, a protection film forming
agent different from the anionic surfactant, and at least
one nonionic surfactant represented by the chemical
formula R2-X2, wherein R2 is an alkyl group, and X2 is a
polyoxyethylene group, a polyoxypropylene group or a

25 poly(oxyethylene-oxypropylene) group, and having a HLB
value of from 10 to 16.

7. The polishing composition according to Claim 6,
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wherein the average number of repeating units in the
polyoxyethylene group, the polyoxypropylene group or the
poly (oxyethylene-oxypropylene) group in the nonionic
surfactant is from 2 to 20.

8. The polishing composition according to Claim 6 or 7,
wherein the average number of repeating units in the
polyoxyethylene group, the polyoxypropylene group or the
poly (oxyethylene-oxypropylene) group in the anionic
surfactant is at most 6.

9. The polishing composition according to any one of
Claims 6 to 8, wherein M1 in the anionic surfactant is a
potassium cation, an ammonium cation or an amine cation.
10. A process for polishing an object to be polished,
comprising an insulator layer having trenches, and a
conductive layer made of copper formed on the insulator
layer, said conductive layer having an outside portion
located out of the trenches and an inside portion located
in the trenches, which process comprises a step of
removing the majority of the outside portion of the
conductor layer by polishing by means of a preliminary
polishing composition, and a step of removing the rest of
the outside portion of the conductor layer by polishing
by means of the polishing composition as defined in any
one of Claims 6 to 9, as a finish polishing composition

different from the preliminary polishing composition.





