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POLISHING COMPOSITION
BACKGROUND OF THE INVENTION

The present invention relates to a polishing compositidn -

to be used, for example, in polishing for forming wiring in a

—semniconductor device, o eem e e e S

A high-integration and high~speed ultra large scale
integrated circuit (ULSI) is manufactured in accordance with a
fine design rule. Recently, in. order Lo suppress an increase
in wiring resistance, caused by flner wiring in a .
semiconductor device, a copper contalnlng metal has been

increasingly used as a wiring material.

Slnce the copper containing metal has the property of

being dlfflcult to process by anlsotroplc etching, wiring made

"0f the copper containing metal is formed by the Chemical

Mechanical Polishing (CMP) process in the following manner.

~ First, a barrier film.ﬁade of a compound containing
tantalum is provided on an insulating film having trenches.
Next, a conductive film made of the copper containing metal is
provided on the barrier film so as to at least fill up the
trenches. Subsequently, in the first polishing process, part
of the portion of the conductive film, which is positioned
outside the trenches, is removed by CMP. In the second
pelishing process, another part df the portion of the
conductive film, which is positioned outside the trenches, is
removed by CMP so that the top surface of the barrier film is
exposed. Finally, in the third polishihg process, the residue
of the portion of the conductlve film, which is p051tloned

outside the trenches, and the portion of the barrier f£ilm,

which is positioned outside the trenches, are removed by CMP

.80 that the top surface of the insulating film is exposed.



10

i5

20

25

30

35

2

Consequently, the portion of the conductive film, which is
positioned in the trenches, is left on the insulating film and

will act as the wiring.

Japanese Laid-Open Patent Publication No. 2000-160141
discloses a first conventional polishing composition, which
comprises an abrasive, alpha-alanine, hydrogen peroxide, and
water. Japanese Laid-Open Patent Publication No. 11-21546
discloses a second conventionai polishing composition, which
comprises an abrasive, an oxidant, a complexing agent, such as
citfic acid, and a film forming agent, such as imidazole.
Japanese Laid-Open Patent Publication No. 6-313164 discloses a
third conventional polishing composition, which comprises an
abrasive comprising aqueous colloidal silica and a polishing
accelerétor comprising a persulfate. Japanese Laid-Open
Patent Publication No. 2002~75927 discloses a fourth
conventional polishing composition, which comprises an
abrasive haviﬁg a primary particle diameter of 50 to 120 ne, a
compound of alpha-alanine or the like for forming a chelate
with a copper ion, a film forming agent, such asﬁbenzotriazole,
hydrogen peroxide, and water. The abrasive acts to
mechanically polish an object to be polished. Alpha-alanine
and the coﬁplexing agent act to promote polishing of an object

to be polished which is made of the copper containing metal.

When each of the first to fourth conventional polishing

compositions is used in CMP in the above second polishing

process, a phenomenon called dishing occurs, where the level

of the top surface of the conductive film lowers. This is
thought to be attributed to removal of the conductive films to
an excessive degree, due to an excessively high ability of

each of the first to fourth conventional polishing

compositions to polish the copper containing metal. The

dishing reduces the cross sectional area of the wiring,

-thereby causing an increase in wiring resistance. The dishing
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also impairs the fiatness of the surface of a semiconductor
device, thereby making it difficult to form multi~£ilmed

wiring in the semiconductor device.
SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to
provide a polishing composition resistant to the occurrence of
the dishing when used in pollshlng for forming w;rlng in a

semiconductor device.

To achieve the foregoing and other objectives and in

accordance with the pﬁrpose of the present invention, a

Ppolishing composition is provided. The polishing composition,

to be used in polishing for forming wiring in a semiconductor
device, includes: a surfactant; a silicon oxide; at least one
selected from the group consisting of carboxylic acid and

alpha-amino acid; a corrosion inhibitor; an oxidant; and water.

- The surfactant contains at least one selected from the

compounds, each répresented by any of general formulas (1) to
(7), and the salts thereof.

R‘—-%-—I}I—-FP—*X‘ e (1)
0 R®
In general formula (1), R' represents an alkyl group having 8

to 16 carbon atoms, R? represents a hydrogen atom, a methyl

'group, or an ethyl group, R® represents an alkylene group

having 1 to 8 carbon atoms, -(CHpCH;0)y~, -(CH,CH{CH3)O)g—, Or a
combination of at least two of those. 1 and m are integers of
1 to 8 when R® represents -(CHyCH20)1~ or - (CH,CH{(CH3)O)u-. The
sum of 1 and m is 8 or less when R® represents the combination
of ~{CHCH0)1~ and - (CH;CH(CH3)O)n-. X' represents a carboxy

group or a sulfone group,

| R4_Z_Y1_Xa s s a (2)
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In general formulas (2) and (3), RY represents an alkyl group
.having 8 to 16 carbon atoms, Z is a functional group

represented by chemical formula (i) or (iiy, ¥* represents -

: '(CHzCHzO)n"‘, "'(CH2CH‘(CH3)0)9-, or the combination of —(CH2CH20)n*-

and - (CH,CH(CH3}O)p-. n and p are integers of 1 to 6 when Y*
represents —(CHyCH,0),— or —(CHZCH(CH3)O)p—-. The sum of n and p
‘is 6 or less when Y' represents the combination of — {CH2CH,0) -

and - (CH,CH(CH3)O)p~. X? represents a phosphate group or-a
sulfone group.

©- 0

- ~<O)-0— -+ )

RE— (0 ~Y2— [if —CH, — (;H — (I“T ~Y3—-0-R® -+ (4)
' 0 SO;H O

RS—O—YE*%-CHe"(I:H—"E—O-HE e (D)
| 0 SGH O ‘

HE—O—:(I%“CHa"[l:H—%“YB—O—RG + v« (B)
0 SoH O

Rﬁ-D*EFCFla—(IZH-—%fO*HE s (7)
| 0 SOH O

In general formulas (4} to (7), each éf R% and R® represents a
hydrogen atoin, a hydroxy group, or an alkyl group having 8 to
16 carbon atoms, each of Y2 and Y3 represents - (CHpCHz0)q-, -
(CH2CH(CH3)0Q) -, or the combination of - (CHz;CH20) g~ and -
(CHCH{(CH3)O),~. q and r are integers of 1 to 6 when Y? or Y3
represents —(CH,CHz0)q~ or - (CH,CH(CH3)O),~. The sum of g and r

is an integer of 6 or less when Y2 or Y? represents the
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combination of - (CHCH,0)4~ and - (CH,CH (CHs)O) ..

The present invention provides another polishing?
composition. The polishipg composition, to be used in.
polishing for forming wiring in a semiconductor device,
includes: alpha-amino acid; a benzotriazole derivative

represented by general formula:

e

b |
where R represents an alkyl group having a carboxy group, an
alkyl group having a hydroxy group and a tert-amino group, an
alkyl group having a hydroxy group, or an alkyl group other
than those; a silicon oxide; a surfactant; an oxidant; and

water.

The present invention provides still another polishing
composition. The polishing composition, to be used in
polishing for forming wiring in a semicopductor device,
includes: a silicon oxide; at least one selected from the
groﬁp consisting of carboxylic acid and alpha-amino acid; a.
corrosion inhibitor; a surfactant; a persulfate; and water.

The polishing composition further includes an aluminum ion.

The pH of the polishing composition is not less than 7 and

less than 12.

The present invention ﬁrovides yet ancther polishing
composition.. The polishing composition, to be used in
polishing for forming wiring in a semiconductor device,
includeé: a first silicon oxide having a 50-percent particle
diameter D50 of 60 to 150 nm, which is measured by laser
diffraction scattering; a second silicon oxide having a 50-

percent particle diameter D50 of 10 to 50 nm, which is

‘measured by laser diffraction scattering; at -least one
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selected from the group consisting of carboxylic acid and

alpha-amino acid; a corrosion inhibitor; a surfactant; an

-oxidant; and water.

Other aspects and advantages of the present invention
will become apparent from the following description, taken in
conjunction with the accompanying drawings, illustrating by

way of example the principles of the invention.
BRIEF DESCRIPTION OF THE DRAWINGS

The invention, together with objects and advantages
thereof, may best be understood by reference to the following
description of the presently preferred embodiments together
with the accompanying drawing, in which: _

Fig. 1(a} to Fig. 1(d) are cross sectional views for .
explaining a polishing method according to one embodiment of
the present invention; '

Fig. 2(a) is a cross sectional view for explaining
"dishing"; and

Fig. 2(b) is a cross sectional view for explaihing

Y"erosion™.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

A first embodiment of the present invention will now be

described.

First,.a method for forming wiring in a semiconductor
device will be described. In forming wiring in a , .
Semicbnductor device, as shown in Fig. 1(a), a barrier £ilm 14
and a conductive film 15 are first formed on an insulating

film 12 having trenches 13.

The insulating film 12 may be a Si0, film, formed using
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tetraethoxysilane (TEOS) by the Chemical Vapor Deposition
(CVD) method, a SiOF film or S$iOC film. The trenches 13 are
formed for example by the known lithography and pattern

etching techniques so as to have a prescribed design pattern.

The barrier film 14 is formed on the insulating film 12
S0 as to cover the surface thereof in advance of formation of
the conductive film 15, The barrier film 14 is formed, for
example, by a sputtering method. It is preferable that the
barrier £ilm 14 have a sufficiently small thickness as
compared to the depth of the trenches 13. The barrier film 14
is formed for example of tantalum or a tantalum-containing

compound, such as tantalum nitride.

The conductive film 15 is provided on the barrier film
14 so as to at least £ill up the trenches 13. The conductive
film 15 is formed for example by the Physical Vapor Deposition
(PVD) method. The conductive film 15 is formed for example of
a copber containing metal. The copper containing metal may be
copper, a copper~éluminum alloy or a copper-titanium alloy.
The conductive film 15 that is formed on the insulating film
12 having thé trenches 13 typically comprises, on the top
surface, initial concave portions 16 to correspond to the

trenches 13.

Next, as shown in Fig. 1(b), in the first polishing
process, part of the portion of the conductive film 15, which
is positioned outside the trenches 13, is removed by CMP.
Subsequently, as shown in Fig. 1(¢), in the second polishing
process, another part.of the portion of the conductive film 15,
which is positiocned outside the trenches 13, is removed by CMP
so that the top surface of the barrier film‘14 is exposed.
Finally, as shown in Fig. 1(d), in the third polishing process,

the residue of the portion of the conductive film 15, which is .

-positioned outside the trenches 13, and the portion of the
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barrier film 14, which is positioned cutside the trenches 13,
are removed by CMP so that the top surface of the insulating
film 12 is exposed. Consequently, the portion of the &
conductive film 15 which is positioned inside the trenches 13
is left on the insulating film 12 and will act as wiring 17.
The barrier film 14 serves to prevent copper in the conductive

film 15 (the wiring 17) from diffusing in the insulating film
12.

The polishing composition according to the first
embodiment is for'example used in CMP in the second polishing
process. This polishing composition comprisés: an ingredient
(a} comprising a surfactant; an ingredient (b) comprising a

silicon oxide; an ingredient (c) comprising at least one

selected from the group consisting of carboxylic acid and

alpha-amino acid; an ingredient ({(d) comprising a corrosion
inhibitor; an ingredient (e) comprising an oxidant; and an

ingredient (f) comprising water.

The ingredient (a), namely the surfactant, contains at
least one selected from the compounds, each represented by any
of general formulas (1) to (7}, and the salt thereof. The
surfactant preferably contains at least one selected from the
first group consisting of compounds, each represented by any
of general formulas (1) to (7), and the salt thereof, and at
least one selected from the second group consisting of
compounds, each represented by any of general formulas {8) apd
(9), and the salt thereof.

nim{l}-r;n—nl«—x* vee (1)
0 Re

H4___Z_Y1_X2. * s (2)



R-Z—Xx2 +--(3)

R5—O~Y2—-(I%—-CH2 ~~—9H—(;T—~Y3—-D-RG co (4)
| 0 SOsH 0

W*O-YLE‘I—CHe CH C 0-R® -+ (5)
0 SOaH O

Rﬁ—o_—ﬁ-CHa-mt‘:H'-—%-—Y?'-ﬂo—ﬂHﬁ ++ « (6)
0 SOsH O

RE—O—%—CHQ-*(IIH-—-%—O—F{"‘ cee (7)

0 SOH O
R'—0-Y~S0H - (8)
RQV | Rio
RBO—YB—(!?—CEC“-('}-—YLOH” + e+ (9)
e e

In general formula (1), R* represents an alkyl group
having 8 to 16 carbon atoms. Rzlrepresents a hydrogen atom, a
mei:hyl group, or an ethyl group. R? represents an alkylene
,group having 1 to 8 carbon atoms, - (CH2CH20) -, ~(CHzCH (CH3) O) p—,
or a combination of at least two of those. Herein, 1 and m
are integers of 1 to 8 when R? represents - (CHyCH,0),~ or -
(CHCH(CH3) O) -, and the sum of 1 and m is 8 or less when R?®
represents the combination of - (CHsCH20) ;- and = (CH2CH (CH3) O} o,
'~ namely R? represents a group formed by removing a hydrogen
atom from a copolymer of ethylene oxide and propylene oxide.

X' represents a carboxy group or a sulfone group.

In general formulas (2) and (3), R* represents an alkyl
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group having 8 to 16 carbon atoms. % is a functional group
represented by chemical formula (i) or (ii). Y! represents -
(CH2CH20) -, -—(CHZCH(CH3)O)P—, or the combination of -(QHchzo)n— :
and ~(CH2CH(CH3)0)p~. Herein, n and p are integers of 1 to §
when Y! represents - (CH,CH,0),- or —{CHaCH(CH3)0) p-, and the sum
of n and p is an integer of 6 or less when Y! represents the
combination of -(CHZCH;;O),;~ and - (CHzCH (CH3) O)p~, namely Y'
represents a group formed by removing a hydroéen atom from a
copolymer of ethylene oxide and propylene oxide., X2

represents a phosphate group or a sulfone group.
_@__ LI I (i) |
~O)y-0— - (i)

In general formulas (4) to (7), each of R® and R®
represents a hydrogen atom, a hydroxy group or an alkyl group
having 8 to 16 carbon atoms. Each of Y? and Y3 represents -
(CH2CHZ0) o, —(CH,CH(CH3)O)},~, or the combination of — (CH2CH20) 4
and - (CH,CH(CH3)O),~. Herein, g and r are integers of 1 to §

when Y? or Y? represents ~(CHZCH20)q— or - (CH2CH(CH3)0),.-, and

the sum of q and r is an integer of 6 or less when Y? or ¥°

represents the combination of — (CH2CHz0) - and ~ (CH,CH (CH3) Q) .

In general formula (8}, R’ represents an alkyl group
hava.ng 8 to 16 carbon atoms. Y' represents - (CH;CH20) ¢—,
(CH2CH(CH3)0)¢~, or the combination of —~(CH,CH30) - and -~
(CHpCH{CH3)0)¢~. Herein, s and t are integers of 2 to 30 when
Y* represents - (CH,CH,0)4~ or - (CH,CH (CH3)0)¢~, and the sum of s
and t is an integer of 30 .or less when Y represents the

combination of - (CH;CH;0) ¢~ and - (CHxCH (CH3) O} .

In general formula (9), each of R® to R™ represents a
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hydrogen atom or an alkyl group hav1ng 1 to 10 carbon atoms.
Each of Y° and Y® represents ~ {CH,CH,0) y— or —(CHZCH(CH3)O)v .

Herein, u and v are integers of 1 to 20.

The sait of the compound represented by any of general
formulas (1) to (9) may be exemplified by alkali metal salts,
such as an ammonium salt and a sodium salt, and a
trlethanolamlnersalt. The compound represented by any of
general formulas {1) to (8) and the salt thereof are anion
surfactants, The compound represented by general formula (9)

and the salt thereof are nonion surfactants.

As specifi¢ examples of the compound represented by
general formula (1) and the salt thereof, the following can be

cited: palm oil fatty acid sarcosine triethanoclamine,

represented by chemical formula (10); palm 011 fatty acid
methyltaurine sodlum, represented by chemical formula (11),
and polyoxyethylene palm oil fatty acid monoethanolamide
sodium sulfate, represented by chemical formula (12).

Caszs“"C"-“f?l— CHa— COON (C2HsOH) 5+ =+ (40)
il
0 CHs

CigHas“%“l}l—CHaCHz—SoaNa v (14)
0 CHs

: CiaHm“%—l}l‘“ (CHaCHaO) +—S0sNa - (12)

0 H

As specific examples of the compound represented by

general formula (2) or (3) and the salt thereof, the following

can be cited: polyoxyethylene alkyl phenyl ether phosphéte{
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.represented by chemical formula (13); and triethanolamipe

dodecylbenzenesulfonate, represented by chemical formulé {14) .

CoHis <O~ 0 (CHoCHo0) 5—POHz  * * + (13)

CizHas <O)— SON (CaHOH) 5+ =+ (14)

As specific examples 6f thé compound représented by any
of general formulas {4) to (7) and the salt thereof, the
following can be cited: polyoxyethylene alkyl sulfosuccinate
disodium, represented by chemical formula (15), and dioctyl

sulfosuccinate, represented by chemical formula (16).

CioHos~0— (CHaCHaU)4—%”'CHa CH——'C —0Na - (15)
" 0 SOaNa 0

CaH17“.d—%—CHa CH-——C 0—CeHy *** (16)
0 SDaNa 8

As'specific example of the compound represented by
general formula (8) and the salt thereof, ﬁolyoxyethylene
lauryl ether sulfate triethanolamine, represented by chemical
formula (17), can be cited.

CisHos — 0 — (CHaCHao) 2— S0sN (C:HOH) 5 e (17)

As specific example of the compound represented by
general formula (9) and the salt thereof, diisobutyl dimethyl
butynediol polyoxyethylene glycol ether, represented by

chemical formula {18), can be cited.
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CHs  CHs

HO— (CHL0) 15— f:: _c=c- f:: ~ (0CH) w—OH +++ (18),
?Ha [I:Ha
HiC — [;JH ?H — CHa
CHa CHs

A compound selected from'the first group or the second
group, namely a compound represented by any of generai
formulas (1) to (9), and the salt thereof, act to suppress the
occurrence of the dishing by reducing the depth of the dishing.
As shown in Fig. 2(a), the depth of the dishing is the
difference "d" between the level of the top surface of the
conductive film 15 left on the insulating £ilm 12 and the
level of the top surface of the part of the barrier film 14,

which is positioned outside the trenches 13. As compared to

the compound selected from the second group, the compound

selected from the first group has a slightly stronger action
to suppress the occurrence of the dishing, but has a markedly
stronger action to suppress polishing of the copper containing
metal. This makes it less possible to suppress polishing of
the copper containing metal %oo strongly when the surfactant
comprises at least one compound selected from the first group

and at least one compound selected from the second group than

- when the surfactant comprises only at least one compound

selected from the first group.

The content of the surfactant in the polishing

composition is preferably in the range of 0.025 to 0.2 mass%,

and more‘preferably in the range of 0.03 to 0.1 mass%. When

the content of the surfactant is less than 0.025 mass%, the
depth of the dishing is not largely reduced, and the

occurrence of the dishing thus might not be suppressed. When

‘the content of the surfactant is more than 0.2 mass%,
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polishing of the copper containing metal is suppressed too
strengly, and hence the conductive film 15 to be removed might

be left on the insulating film 12 after pelishing.

When the surfactant comprises at least one compound
selected from the first group and at least one compound

selected from the second group, a mass ratio of the compound

- selected from the first group contained in the surfactant to

the compound selected from the second group contained in the
surfactant is preferably from one first to ten firsts {1/1 to
10/1). When the ratio is 1es§ than one first, the occurrence
of the dishing might not-be much suppressed. When the ratio

is more than ten firsts, polishing of the copper containing

. metal is suppressed too strongly, and hence the conduqtive

film 15 to be removed might be left on the insulating film 12
after polishing;

The ingredient (b}, namely a silicon oxide, acts to
mechanically polish an object to be polished. The silicon
oxide may for example be colloidal silica, fumed silica, or
precipitated silica. Among them, colloidal silica and fumed
silica are preferable since each of them has a high ability to
polish the copper containing metal, and colloidal silica is
more preferable. The polishing composition may contain two

kinds or more of silicon oxides.

The mean particle diameter Dy of the silicon oxide,
which is measured by laser diffraction scattering, is
preferably in the range of 0.01 to 0.5 pm, and more preferably
in the range of 0.03 to 0.3 um. When the mean particle
diameter Dys of the silicon oxide is less than 0.0l um, the

action of the silicon oxide to mechanically polish an object'

- to be polished is so weak that the conductive film 15 to be

removed might be left on the insulating film 12 after

polishing. When the mean particle diameter Dyg of the silicon
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oxide is more than 0.5 pm, the ability of the polishing.
comp031tlon to polish the copper containing metal is too hlgh
which might cause an increase in depth of the dishing.:’
Further, since the silicon oxide having the mean particle
diameter Dy; more than 0.5 um tends to settle out, the
dispersion stability of the polishing composition might

decline. Moreover, since the polishing composition has a

stronger ability to polish the barrier £ilm 14 and the

insulating £ilm 12 as well as the conductive film 15, a
phenomenon called erosion mighﬁ occur, where the level of the
top surface of the region in which the trenches 13 are densely
formed, namely the level of the top surface of the wiring
region, becomes lower than the level of the top surface of the
region other than the wiring region. The degree of the
erosion ié expressed taking the depth of the erosion as an
index. As shown in Fig. 2(b), the depth of the erosion is the

difference "e" between the level of the top surface of the

'wiring region and the level of the top surface of the region

other than the wiring region. As in the case of the dishing,
the erosion causes more difficulty in increasing the wiring

r931stance and forming multi-filmed wiring.

The content of the silicon oxide in the polishing
composition is preferably in the range of 0.01 to 10 mass%,
and more preferably in the range of 0.1 to 3 mass%. When the
content of the silicon oxide is less than 0.01 nmass%, the
ability of the polishing composition to polish an object to be
polish is'insufficient, and hence the conductive film 15 to be
removed might be left on the insulating film 12 after
polishing. When the content of the silicon oxide is more than
10 mass%, the ability of the polishing composition to polish
an object to be polished is too high, which might lead to

promotion of the dishing or erosion.

The ingredient (c), namely at least one Selected from
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the group consisting of carboxylic acid and alpha-amino acid,

acts to form a chelate bond with copper, leading to

' improvement in ability ‘of the polishing composition to"polish

10

the copper containing metal. Because especially the ability
of the polishing composition to polish the copper containing
metal is improved, the number of carbon atoms in the molecule
of the carboxylic-acid or the alpha-amino acid is preferably -
not more than 10. The specific examples of the carboxylic
acid may include citrié acid, nitric acid, succinic acid,

maleic acid, - and tartaric acid. Carboxylic acid may be either

monocarboxylic acid or dicarboxylic acid, and may comprise an

_amino group or a hydroxy group. Meanwhile, the specific

15

examples of the alpha-amino acid may include glycin, alanine,
and valine. Since acting to reduce the depth of the dishing,
alpha-amino acid is more preferable than carboxylic acid, and

alanine is more preferable.

.The content of the acid in the polishing comp051tlon is

’ preferably in the range of 0.0l to 2 mass%, and more
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25
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35

preferably in the range of 0.4 to 1.5 mass%. When the content
of the acid is less than 0.01 mass%, the ability of the

‘polishing composition to polish the copper containing metal is

insufficient, and thereby the conductive film 15 to be removed
might be left on the insuléting film 12 after polishing. When
the conterit of the acid is more than 2 mass%, the
concentration of the acid is too high, and thereby the ability
of the ﬁolishing composition to polish the copper containing

metal might decrease or the dishing might occur.

The ingredient (d), namely the corrosion inhibitor, acts.
to prevent corrosion of the surface of the conductive film 15
by protecting the copper contéining metal from corrosion due
to the oxidant. The corrosion inhibitor also acts to suppress

the occurxrence of the dishing by suppressing excessive

polishing of the conductive film 15. The specific examples of



10

15

20

25

17

the corrosion inhibitor may include the benzotriazoles *
represented by general formula (19), namely benzotriazole and
the derivative thereof. In general formula (19}, the ’
respective carbon atoms at positions 4, 5, 6 and 7 may be

replaced with nitrogen atoms, or the nitrogen atom at position

1 may be replaced with a carbon atom.

.FPB

RN |
:@( ON e (19)
R®Y N

Rm F'%M

In general formula (19), R represents a hydrogen atom,
an alkyl group having a carboxy group, an alkyl group having a

hydroxy group and a tert-amino group, an alkyl group having a

‘hydroxy group, or an alkyl group other than those. R to RI®

respectively represent a hydrogen atom or an alkyl group.

Strongly protecting the surface of the conductive film
15, the benzotriazole derivative, represented by general
formula (20), is most preferable among the compounds
represented by general formula (19).

Nay
--N/N 20

i
=t

In general formula (20), R represents an alkyl group
having a carboxy group, an alkyl group having a hydroxy group
and a tert-amino group, an alkyl group having a hydroxy group,
or an alkyl group other than those. The benzotriazole

derivative, represented by general formula (20) where RY is

‘an alkyl group having a carboxy group, includes the compound
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represented by general formula (21). The specific examples of
compound represented by general formula (21) may include 1-

(1,2—dicarboxyethyi)benzotriazole, represented by chemical
formula (22). |

N

| = v (21)
_@N/N

|
[IIH— Y’COOH
COOH -

.@:\:N re (22)

|
[|3H — CH.COO0H
COOH

The benzotriazole derivative, represented by general
10 formula (20) where R is an alkyl group having a hydroxy
group and a tert-amino group, includes the compound
represented by general formula (23). The specific example of
- the compound represented by general formula (23) ‘may include

_ 1—[N,N—bis(hydroxyethyl)aminomethyl]benzotriazole, represented
15 by chemical formula (24).

- :jN
\'r’ N’-WOH (23)
~Y70H
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Ne
QL >N
N .
1 /.CHaCHQOH
CHa—N\ ree (24)
' CHaCH-0H '

The benzotriazole derivative, represented by geﬁeral
formula (20) where R'* is an alkyl group having a hydroxy
5 groﬁp, includes the compound represented by general formula
(25) and the compound represented by general formula (26}.
- The specific examples of the compound represented by general
formula (25) and the compéﬁnd represénted by general formula
(26) may respectively include: 1-(2,3-
10 dihydroxypropyl)benzotriazole, represented by chemical formula
(27); and 1~(hYdroxymethyl)benzotriazole, represented by

chemical formula (28).

. Ny
O 0N
\
Y’—(I:H—WGH + - (25)
OH

Ns
@(N:N £+ (26)

S
15 Y'0H
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i .
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In general formulas (21), (23), (25) and (26), Y’

represents an alkylene group.

The polishing composition may include two kinds or more

‘of corrosion inhibitors. Among the corrosion inhibitors

- described above, 1-[N,N-

bis{hydroxyethyl)aminomethyl}benzotriazole, represented by

chemical formula (24), is most preferable since it acts

 particularly strongly to protect the surface of the conductive

£film 15.

The content of the corrosion inhibitor is preferably not
more than 0.1 mass%. When the corrosion inﬁibitor is
benzotriazole, the content of the corrosion inhibitor in the
polishing composition is preferably in the range of 0.000001
to 0.001 mass%, and more preferably in the range of 0.00003 to
0.0005 mass$. When the corrosion inhibitor is 1-[N,N-
bis(hydroXyethyl)aminomethyl]benzotriazole, the content of the
cérrosion inhibitor in the polishing composition is preferably
in the range of 0.00005 to 0.005 mass%, and more preferably in
the range of 0.0001 to 0.001 mass%. When the corrosion ,
iﬁhibitor is 1—(2,3-dihydroxypropyl)benzotriaéole, the content
of the corrosion inhibitor in the polishing composition is
preferably in the range of 0.001 to 0.1 mass$, and more
preferably in the range of 0.003 to 0.05 mass%. When the
corrosion inhibitor is 1—(1,2-dicarboxyethyl)benzotriazole,
the content of the corrosion inhibitor in the poiishing
composition is preferably in the range of 0.0005 to 0.01 mass%,

and more preferably in the range of 0.002 to 0.008 mass$.
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When the content of the corrosion inhibitor is too small,
the action of protecting the surface of the conductive film 15
and the action of suppre331ng the occurrence of the dlshlng
are insufficiently exerted which might result in production
of the roughness or promotion of the dishing on the surface of
the conductive film 15 after polishing. When the content of
the corrosion inhibitor'is-too large, the ability of the
polishing composition to polish the copper containing metal is

insufficient, and hence the conductive film 15 to be removed

-might be left on the insulating £ilm 12 after polishing.

The ingredient (e}, namely the oxidant, acts to promote
mechanical polishing with the silicon oxide by oxidizing the

copper containing metal. The oxidant may be a persulfate,

such as ammonium persulfate, potassium persulfate, or sodlum

persulfate, periodic acid, peracetic acid, perchloric acid,
ammonium percarbonate, or hydrogen peroxide. Among them,
since having a high ability to oxidize copper, the persulfate

is preferable, and ammonium persulfate isrmore-preferable.

The content of the oxidant in the polishing composition

is preferably in the range of 0.5 to 10 mass%, and more

_preferably in the range of 1 to 5 mass%. When the content of

the oxidant is less than 0.5 mass%, the ability of the
polishing composition to polish the copper containing metal is
insufficient, and thereby the conductive film 15 to be removed
might be left on the insulating film 12. When the content of
the oxidant is more than 10 mass%, the ability of the
polishing composition to polish the copper containing metal is
too high, which mlght cause an 1ncrease in depth of the
dishing.

The ingredient (f), namely water, serves as a solvent to

dissolve or disperse the ingredients other than water in the

‘polishing comp031tlon Water preferably contalns as few
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impurities as possible. Speéifically, pure water, obtained by
removing impurity‘ions with an ion~exchange resin and then
contaminants through a filter, ultrapure water, or distilled

water is preferable.

Water is added with the ingredienfs {a) to (e}, followed.
by mixing, to prepare a polishing composition. 1In mixing, a
blade-type agitator, an ultrasonic disperser or the like may
be used. There is no limitation to the order of adding the |

1ngred1ents (a) to (e) to water.

The pH of the polishing composition is preferably not
less than 7, more preferably from 7 to 12, and most preferably

from 8 to 10. When the pH of the pollshlng composition is

less than 7, the ability of the polishing composition to
polish the copper containing metal might decrease. When the

pH of the polishing composition is more than 12, the ability

. of the polishing composition to polish the copper contalnlng

metal is too high, which might lead to promotion of the
dlshlng. The pH of the polishing composition may be adjusted

by addltlon of ammonla to the polishing composition.

When CMP in the second polishing process is conducted
using the polishing composition according to the first
embodiment, a polishing pad is pressed onto the surface of the
conductive film 15 and then rolled while the polishing

composition is provided to the surface of the conductive film
15.

The polishing composition according to the first
embodiment can suppress the occéurrence of the dishing by the
actions of the surfactant and the corrosion inhibitor
contained therein. PFurther, the ability of the polishing

composition to pollsh the copper containing metal is improved

‘by the actions of the oxidant and at least one selected from
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- the group consisting of carboxylic acid and alpha-amino acid

in the polishing composition.

Next, a second embodiment of the present invention will
be described.

'As in the case of the peolishing composition according to
the first émbodiment, a polishing composition according to the
second embodiment is also used in CMP in the second polishing

process.

The polishing composition according to the second
embodiment comprises; an ingredient (a) comprising alpha-amino
acid; an ingredient (b) comprising a benzotriazole derivative;
an ingredient (c) comprising a silicon oxide; an ingredient

(d) comprising a surfactant; an ingredient (e) comprising an

oxidant; and an ingredient (f) comprising water.

The ingredient {a), namely alpha-amino acid, acts to
suppress the occurrence of the dishing by reducing the depth
of the dishing. Alpha-amino acid also acts to form a chelate
bond with copper, whereby the ability of the polishing
composition to polish the copper.containing metal is improved.
The specific examples of the alpha-amino acid may include

alanine, glycin, and valine. Among them, alanine is most

‘preferable since it strongly acts to reduce the depth of the
. dishing and also has high solubility to water.. The polishing

composition may contain two kinds or more of alpha-amino acids.

The content of alpha-amino acid in the polishing
composition is preferably in the range of 0.01 to 2 mass$%, and
more preferably from 0.4 to 1.5 mass%$. When: the content of
the alpha-amino acid is less than 0.01 mass%, the depth of the

dishing is not sufficiently reduced, and the occurrence of the

_dishing thus might not be suppressed. When the content of the
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alpha-amino acid is more,than 2 mass%, the ability of the
polishing composition to pelish the copper contalnlng metal
decrease, and thereby the conductive film 15 to be removed

might be left on the insulating film 12 after polishing.

The ingredient {b),‘namely the benzotriazole derivative,
is represented by general formula {29). The benzotriazole
derivative acts to prevent corrosion of.the surface of the

conductive film 15 by protecfing thHe copper containing metal

~from corrosion due to the oxidant. The bénZotriazole

derivative also acts to suppress the occurrence of the dishing

by suppressing excessive polishing of the conductive film 15.

R - -+ (29)

In general formula (29), R represents an alkyl group
hav1ng a carboxy group, an alkyl group having a hydroxy group
and a tert—amlno group, an alkyl group having a hydroxy group,
or an alkyl group other than those.

The benzotriazole derivative, represented by general

formula (29) where R is an alkyl group having a carboxy group,

~includes the compound represented by general formula (21).

The specific example of the compound represented by general
formula (21} may include 1~(1,2- dlcarboxyethyl)benzotrlazole,
represented by chemical formula (22).

The benzotriazole derivative, represented by general
formula (29) where R is an alkyl group having a hydroxy group
and a tert-amino group, includes the compound represented by

general formula (23). The specific example of the cerpound

‘represented by general formula (23) may include 1-[N,N-
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bis(hydroxyethyl)aminomethyl]benzotriazole, represented, by
chemical formula (24).

The benzotriazole derivative, represented by general

_formula (29) where R is an alkyl group having a hydroxy group,

includes the compound represented by general formula (25) and
the compound represented by general formula (26) . The
specific examples of the compound represented by general
formula (25) and the compound representéd by general formula
(26) may respectively include: 1-(2,3~

dihydroxypropyl)benzotriazole, represented by chemical formula

(27); and 1- (hydroxymethyl)benzotriazole, represented by

chemical formula (28).

The polishing composition may comprise two kinds or more
of benzotriazole derivatives. Among the benzotriazole

derivatives described above, the compounds reépectively

represented by general formulas (21), (23}, (25),_and (26) are

preferable since they strongly act to protect the surface of
the conductive film 15.

The content of ﬁhe benzotriazole derivative is
preferably not more than 0.1 mass%. When the benzotriazole
derivative is the compound represented by general formula (21},
the content of the benzotriazole derivative in the pelishing

composition is preferably in the range of 0.0005 to 0.01 mass$,

“and more preferably in the range 0.002 to 0.008 mass%. When

the benzotriazole derivative is the compound represented by
general formula (23), the content of the benzotriazole
derivative in the polishing composition is preferably in the
range of 0.00005 to 0.005 mass%, and more preferably in the
range of 0.0001 to 0.001 mass%. When the benzotriazole
derivative is the compound represented by general formula (25)

or general formula {26}, the content of the benzotriazole

‘derivative in the polishing composition is preferably in the
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range of 0.001 to 0.1 mass%, and more preferably in the range
of 0.003 to 0.05 mass%. .

- When the content of the benzotriazole derivative is too -
small, the action of protecting the surface of the‘conductive
film 15 and the action of suppressing the occurrence of the .
dishing are insufficiently exerted, which might result in
production of the roughness or promotion of the dishing on the
surface of the conductive film 15 after polishing. When the
content of the benzotriazole derivative is too large, the
ability of the polishing composition to polish the copper
céntaining metal is insufficient, and thereby the conductive

film 15 to be removed might—be'left on the insulating film 12
after polishing.

" The ingredient (c), namely a silicon oxide, acts to
mechanically polish an object to be polished. The silicon
oxide may for example be colloidal silica, fumed szilica, or
precipitated silica. Among them, colloidal silica and fumed
silica are more preferable since each of them has a high
ability to polish the copper containing metal, and colloidal

silica is most preferable. The polishing composition may

"contain two kinds or more of silicon oxides.

The mean particle diameter Dys of the silicon oxide,
which is measured by laser diffraction scattering, is
preferably in the range of 0.0l to 0.5 pm, and more preferably
in the range of 0.03 to 0.3 um. When the mean particle
diameter Dys of the silicon oxide is less than 0.01 um, the
action of the silicon oxide to mechanically polish an object
to be polished is so weak that the conductive film 15 to be
removed might be left on the insulating film 12 after
polishing. When the mean particle diameter Dys of the silicon

oxide is more than 0.5 um, the ability of the polishing

-composition to polish the copper containing metal is too high,
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‘which might cause an increase in depth of the dishing.

Further, since the silicon oxide having the mean particle
diameter Dy more than-0.5 pum tends to settle out, the:
dispersion stability of the polishiﬁg composition might
decline. Moreover, the polishing composition has a stronger
ability to polish the barrier film 14 and the insulating film

12 as well as the conductive film 15, which might promote the
erosion.

The content of the silicon oxide in the polishing
composition is preferably in the range of 0.01 to 10 mass$,
and more preferably in the range of b.l to 3 mass%. When the
content of the silicon oxide is less than 0.01 mass%, the _
ability of the polishing'composition to polish an object to be
polish ié insufficient, and thereby the conductive film 15 to

be removed might be left on the insulating film 12 after

polishing. When the content of the silicon oxide is more than

10 mass%, the ability of the polishing composition to polish
an object to be polished is too high, which might lead to

promotion of the dishing or erosion.

The ingredient (d), hamely the surfactant, acts to

' suppress the occurrence of the dishing by reducing the depth

of the dishing. The specific examples of the surfactant may

include: palm oil fatty acid sarcosine triethanolamine,

- represented by chemical formula (10); palm oil fatty acid

methyltaurine sodium, represented by chemical formula (11);

polyoxyethylene palm oil fatty acid monoethanolamide sodium
sulfate, represented by chemical formula (12); polyoxyethyiene
alkyl phenyl ether phosphate, represénted by chemical formula
(13}); triethanolamine dodecylbenzenesulfonate, represented by
chemical formula (14); polyoxyethylene alkyl sulfosuccinate
disodium, represented by chemical formula (15); dioctyl

sulfosuccinate, represented by chemical formula (16);

-polyoxyethylene lauryl ethereal sulfate triethanolamine,
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‘represented by chemical formula (17); and diisobutyl dimethyl

butynediol polyoxyethylene glycol ether, represented by
chemical formula (18).

The content of ﬁhe surfactant in the polishing
composition is preferably in the range of 0.025 to 0.2 mass$,
and more preferably in the range of 0.03 to 0.1 massg. When
the content of the surfactant is less than 0.025 mass%, the
depth of the dishing 1s not largely reduced and the
occurrence of the dishing thus might not be suppressed., When
the content of the surfactant is more than 0.2 mass%,
polishing of-the copper containing metal is suppressed too
strongly, and thereby the conductive film 15 to”be removed -

might be left on the insulating film 12 after polishing.

The ingredient (e}, namely the oxidant, acts to'promote
mechanical polishing with the silicon oxide by oxidizing the
copper containing metal. The oxidant may be a persulfate,
such as ammonium persulfate, potassium persulfate,'or sodium
persulfate, periodic acid, peracetic acid, perchloric acid,

ammonium percarbonate or hydrogen peroxide. BAmong them, since

having a high ability to oxidize copper, the persulfate is

preferable, and ammonium persulfate is more preferable.

The content of the oxidant in the polishing composition
is preferably in the range of 0.5 to 10 mass%, and more
preferably in the range of 1 to 5 mass%. When the content of
the oxidant is less than 0.5 mass%, the ability.of the
polishing composition to polish the copper containing metal is

insufficient, and thereby the conductive film 15 to be removed

-might be left on the insulating film 12. When the content of

the oxidant is more than 10 mass%, the ability of the

‘polishing composition to polish the copper containing metal is

too high, which might cause an increase in depth of the

‘dishing.
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The ingredient (f), namely water, serves as a solvent to
dissolve or disperse the ingredients other than water|in the

polishing composition. Water preferably contains as féw

-impurities as possible. Specifically, pure water, obtained by

removing impurity ions with an ion-exchange resin and then
contaminants through a filter, ultrapure water, or distilled
water is preferable. '

Water is added with the ingredients (a) to (e), followed
by mixing, to prepare a polishing composition. In mixing, a
blade~type agitator, an ultrasonic dispe:ser or the like may
be used. There is no limitation to the order of-adding the
ingredients (a) to (e) to water.

The pH of the polishing composition is preferably not
less than 7, more preferably from 7 to 12, and most preferably
from 8 to 10. When the pH of the polishing composition is
;ess than 7, the ability of the polishing composition to

polish the copper containing metal might decrease. When the

PH of the polishing composition is more than 12, the ability '
- of the polishing composition to polish the copper containing

~metal is too high, which might lead to promotion of the

dishing. The pH of the polishing composition may be adjusted

by addition of ammonia to the polishing composition.

When performing éhemical mechanical polishing of the
second polishing process using the polishing composition
accordihg to the second embodiment, the polishing pad is
pressed against the surface of the conductive f£ilm 15 while
polishing cbmposition is supplied to the surface of the

conductive film 15, and rotated.

In the polishing composition according to the second

-embodiment, the occurrence of dishing is suppressed due to the
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action of the alpha-amino acid, benzotriazol derivative, and
surfactant of the polishing composition. TIn addition, the

capability of the polishing composition to pelish the copper

containing metal improves due to the action of the alpha-amino

acid and oxidant in the polishing composition,

A third embodiment according to the present invention
will now be described.

The polishing composition according to the third
embodiment is also used in the chemical mechanlcal polishing
of the second pollshlng process, same as the pOllShlng

compositions according to the first and second embodiments.

The polishing composition according to the third
embodiment comprises; an ingredient (a) comprising a silicon
oxide; an ingredient (b) comprising at least one selected from
the group consisting of carboxylic acid and alpha-amino acid;
an ingredient (c) comprising a corrosion inhibitor; an

ingredient (d) comprising a surfactant; an ingredient (e)

~comprising a persulfate; and an ingredient (f) comprising

water. The polishing composition further comprises ammonium

ion.

Ingredient (&), namely silicon oxide, acts to

mechanically polish the surface to be polished. Specific

examples of silicon oxide include colloidal silica, fumed
silica, and precipitated silica. .Amonq these, colioidal
silica or fumed silica is preferred because of their high
capability to polish the copper containing metal. The

polishing composition may contain two or more types of silicon

oxide.

The mean particle diameter'&M of the silicon oxide,

-which is measured by laser diffraction scattering, is
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preferably 0.01 to 0.5 um, and more preferably 0.03 to O 3 pm.

. When the mean particle diameter Bys of the silicon ox1de is

less than 0.01 pm, the silicon oxide action to mechanlcally

polish an object to be polished is so weak, whereby there is a

'rlsk that the conductive film 15 which is meant to be removed

remains on the insﬁlating film 12 after polishing. When the .
mean particle diameter Dys of the éilicén oxide is more than
0.5 pm, the capability of the polishing cbmposition to polish
the copper containing metal is too high, whereby there is a
risk of thé dishing depth increasing. Further, silicon oxide
having a mean particle diameter Dys of more than 0.5 um
precipitates more’ easily, whereby there is the rlsk that the
dispersion stability of the polishing composition deteriorates.
Still further, because the capability increases for the
polishing composition to polish not only the conductive film
15, but also the barrier film 14 and insulating film 12, there

is the risk of erosion being accelerated.

The content of silicon oxide in the polishing
composition is preferably 0.01 to 10 mass%, and more _
preferably 0.1 to 3 mass$. When the content of the silicon
oxide is less than 0.01 mass%, the capability of the polishing
composition to polish is insufficient, whereby there is a risk
thaf the conductive film 15 which is meant to be removed
remains on the insulating film 12 after polishing. When the
content of silicon oxide exceeds 10 mass there. is a risk
that the occurrence of dlshlng and er051on is accelerated die
to the capability of the polishing composition for polishing
the object to be polished being too high.

Ingredient (b), namely the at least one selected from
the ‘group consisting of carboxylic acid and alpha-amino acid,
acts to cause a chelate bond with copper, whereby the

capability of the polishing composition to polish the copper

containing metal increases. To particularly increase the
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capability of the polishing composgition to¢ polish the copper
containing metal, the number of carbon atoms that the
carboxylic acid and alpha-amino acid contain in one molecule

is preferably not more than 10. Specific examples of the
carboxylic ‘acid include, for example, citric acid, oxalic acid,
succinic acid, maleic acid, and tartaric acid. The carboxylic .
acid may be either a monocarboxylic or a dicarboxylic acid,

and may contain an amino group 6r a hydroxy group. Specific
examples of the alpha-amino acid include, for example, glycine;
élanine, and valine. To have an effect of reducing dishing
depth, an alpha-amino acid is preferable from among carboxylic

acid and alpha-amino acid, and alanine is more preferable.

The acid content in the polishing composition is
preferably 0.01 to 2 mass%, and more preferably 0.4 to 1.5
mass%. When the acid content is less than 0.01 mass%, the

capability of the poiishing composition to polish the copper

“containing metal is insufficient, whereby there is a risk that

the conductive film 15 which is meant to be femoved remains on
the insulating film 12 after polishing. When the acid content
exceeds'Z mass%, acid concentration is too high, whereby there
is a risk that the capability of the polishing composition to
polish the copper containing metal decreases, and also a risk

that the occurrence of dishing is accelerated.

Ingredient (c}, namely a corrosion inhibitor, acts to
inhibit surface corrosion of the conductive film 15 by
protectlng the copper containihg metal from corrosion caused
by persulfate. The corrosion inhibitor also acts to suppress
the occurrence of dishing by swvppressing the conductive film
15 from being excessively polished. Specific examples of the

corrosion inhibitor include, for example, a benzotriazole

.represented by general formula (19). 1In general formula (19),

the carbon atom on the fourth, fifth, sixth, or seventh

position can be substituted by a nitrogen atom, and the
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nitrogen atom on the first position may be substituted by a

carbon atom. The benzotriazole derivative represented by
general formula (20) is preferable of the compounds
represented by general formula (19), because its action to

protect the surface of the conductive film 15 is strong.

The berizotriazole derivatives represented by general
formula (20), in which R™ is an alkyl group having a carboxyl
group, include the compounds represented by geﬁeral formula
(21) . Bxamples of compounds represented by general formula
(21) include,; for example, the 1-(1,2-

dicarboxyethyl)benzotriazole represented by chemical formula
(22). '

The benzotriazole derivatives represented by general
formula (20}, in which R™ is an alkyl group having a hydroxy
group and a tertiary amino group, include the compounds .
represented by general formula (23). Examples of compounds

represented by general formula (23) include, for example, the

1-~[N,N-bis (hydroxyethyl) aminomethyl]benzotriazole represented

by chemical formula (24)}.

The benzotriazole derivatives represented by general

formula (20), in which R™ is an alkyl group having a hydroxy

group, include the compounds represented by general formula

(25} and the compounds represented by general formula (26).
Examples of compounds represehted by general formulas (25) and
{26) include, for example, the 1-(2,3-
dihydroxypropyl)benzotriazole represented by chemical formula

(27) and 1~ (hydroxymethyl)benzotriazole represented by
chemical formula (28).

The polishing composition may comprise two types or more

of a corrosion inhibitor. Among the above-described corrosion

"inhibitors, 1-[N,N-bis (hydroxyethyl)aminomethyllbenzotriazole
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represented by chemical formula.(24).is preferable, bec§use
its action to protect the surface of the conductive film 15

from corrosion caused by acid is strong.

The content of the corrosion inhibitor .in the polishing
composition is preferably 0.1 mass% or less. When the

corrosion inhibitor is benzotriazole, the content of the

~corrosion inhibitor in the pelishing composition is preferably

0.000001 to 0.001 mass%, and more preferably 0.00003 to 0.0005
mass%. When the corrosion inhibitor is 1-[N,N-
bis(hydroxyethyl)aminomethyl] benzot;iazole, the content of

the corrosion inhibitor in the polishing composition is

- preferably 0.60005 to 0.005 mass%, and more preferably 0.0001

to 0.001 mass%. When the corrosion inhibitor is 1-~(2,3-
dihydroxypropyl)benzotriatole, the content of the corrosion
inhibitor in the polishiﬁg composition is preferably 0.001 to
0.1 mass%, and mofe preferably 0.003 to 0.05 mass%. When the

corrosion inhibitor is 1-(1,2-dicarboxyethyl) benzotriaque,

‘the content of the corrosion inhibitor in the polishing

composition is preferably 0.0005 to 0.0l mass%, and more

preferably 0.002 to 0.008 mass%.

When the content of the corrosion inhibitor is too small,

there is a risk that roughness will appear or dishing will

'pccur on the surface of the polished .conductive film 15, due

to the action for protecting the surface of the conductive
film 15 and the action for suppressing the occurrence of
dishing not being sufficient. When the content of the
corrosion inhibitor is too much, there is a risk of the
conductive film 15 which is meant to be removed remaining 6n
the insulating film 12 after polishing, due to the capability
of the polishing composition to polish the copper containing

metal later not being sufficient.

Ingredient (d), namely a surfactant, acts to suppress
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the occurrence of dishing by reducing the dishing depth,
Specific examples of the surfactant include, for example, palm
oil fatty acid sarcosine triethanolamine represented by

chemical formula (10}, palm oil fatty acid methyltaurine’

 sodium represented by chemical formula (11), polyoxyethylene

palm oil fatty acid monoethanolamide sodium sulfate
represented by chemical formula (12}, polyoxyethylene
alkylphenyl ether phosphate represented_by chemical formula
(13), dodecylbenzenesulfonate triethanoclamine represented by
chemical formula (14), polyoxyethylene alkyl sodium
sulfosuccinate represented by chemical formula (15), dioctyl
type succinates represented by chemical formula (1e),
polyoxyethylene lauryl ether sulfate triethanolamine
represented by chemical formula (17) and

diisobutyldimethylbutyne diol polyoxyethylene glycol ether

- represented by chemical formula (18).

The surfactant content in the polishing composition is
preferably 0.025 to 0.2 mass%, and more preferably 0.03 to 0.1
mass%. When the surfactant content is less than 0.025 mass$,
the dishing depth is hardly reduced, whereby there is a risk
that the occurrence of dishing cannot be suppressed. When the
surfactant content exceeds 0.2 mass%, polishing of the copper
containing metal is too strongly suppressed, whereby there is
a risk that the conductive film 15 which is meant to be

removed remains on the insulating film 12 after polishing.

Ingredlent (e}, namely a persulfate, acts to accelerate
mechanical polishing using silicon oxide through oxidation of
the copper containing metal. The persulfate may be ammonium
persulfate, potassium persulfate, or sodium persulfate. Among
these, ammonium persulfate is preferable, in view of its
strong capability of oxidizing copper as well as it serving as

a supply source for ammonium ion.
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The persulfate content in the polishing composition is

preferably 0.5 to 10 mass%, and more preferably 1 to 5 massg.

When the persulfate content is less than 0.5 mass%, there is a

risk that the conductive film 15 which is meant to be removed
remains on the insulating film 12 after polishing due to the
capability of the polishing composition to polish the copper
containing metal:beinq insufficient. When the persulfate
contenﬁ exceeds 10 mass%, there is a risk of the dishing depth
increasing due tolfhe*capability of the polishing composition

to polish the copper containing metal being too high.

Ingredient (f), namely water, acts as a medium for

- dissolving or dispersing the ingredients other than water that

are in the polishing compositiorni. The water preferably

contains as little impurities as possible. -Specific examples

include pure water from which impurity ions were removed using

~an ion-exchange resin, and was then passed through a filter to

remove foreign substances, ultra-pure water, or distilled

water.

The polishing composition is prepared by adding

‘Ingredients (a) to (e) to water, and mixing. During the

mixing, a blade-type agitator or an ultrasonic dispersing
apparatus can be used. The order of adding Ingredients (a) to

(e} to water is not specifically limited.

The pH of the polishing composition is from 7 or more to
less than 12, preferably from 8.5 to 11, and more preferably
from 9 to 11. When the polishing composition pH is less than
7, there is a risk that the capability of the polishing
composition to polish the copper containing metal is
insufficient. When the polishing composition pH exceeds 12,

there is a risk of the occurrence of dishing being accelerated

- due to the capability of the polishing composition to polish

‘the copper containing metal being too high. The polishing
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- composition pH may be adjusted by the addition of a pH .

modifier to the polishing composition. To improve pH
stability of the polishing composition, the pH modifier is
preferably ammonia; an ammonium salt such as ammonium

carbonate, ammonium sulfate, ammonium bicarbonate, ammonium

' phosphate, ammonium hydrogenphosphate, ammonium lactate,

ammonium citrate, and ammonium glycolate; or the hydroxide or
salt of an alkali metal. . Among these, ammonium salts are more
preferable. The poliéhing composition may comprise two or
more pH modifiers. The pH modifier content in the pollshlng
comp051t10n is preferably 0.0001 to 10 mass%.

The ammonium ion in the polishing composition acts to
increase the capability of the polishing composition to polish
the copper containing metal. The. ammonium ion preferably is
derived from the persulfate or the PH modifier added to the
polishing composition. The ammonium ion content is preferably

0.03 to 0.3 mass%, and more preferably 0.07 to 0.2 mass$.

When performing chemical mechanical polishing of the
second polishing process using the polishing-composition
according to the third embodiment, the polishing pad is
pressed against the surface of the conductive film 15 while
supplying polishing composition to the surface of conductive
£ilm 15, and rotated.

wInrthe polishing composition according to the third
embodiment, the occurrence of dishing is suppressed due to the
action of the at least one selected from the group consisting
of carboxylic acid and alpha-amino acid, the corrosion
inhibitor, and the surfactant in the polishing composition.

In addition, the capability of the polishing composition to

polish the copper containing metal improves due to the action

of the ammonium ion in the polishing composition.

35 -



10

15

20

25

30

35

38

A fourth embodiment according to the present invention
will now be described.

The pollshlng composition according to the fourth
embodiment is also used in the chemical mechanical polishing
of the second polishing process, same as the polishing

compositions according to the first, second and third
embodiments.

The polishing composition according to the fourth
embodiment comprises an ingredient (a) which consists of a
first silicon oxide; aﬂ ingredient (b) which consists of a
second silicon oxide; an ingredient (c¢) which consists oﬁ at

least one selected from the group consisting of carboxylic

“acid and alphé~amino acid; an ingredient (d) which consists of

" a corrosion inhibitor; an ingredient (e) which consists of a

surfactant; an ingredient (f) which consists of an oxidant;

and an ingredient (g} which consists of water.

Ingredient (a),vhamely the first silicoﬁ oxide, acts to
mechanicall} polishing the surface to be polished, and more
spec1f1cally, acts to relatively roughly polish the object to
be pollshedA Accordingly, the conductive film 15, which is
meant to be removed, can be suppressed from remaining on the
insulating £ilm 12 after polishing as a result of the
improvement_in the cépability of the polishing composition to
polish the coppér containing metal._ The first silicon oxide
may be colloidal silica, fumed silica or precipitated silica.
Among these, colloidal silica or fumed silica is preferred
bécause of their high capability to polish the copper
containing metal. The polishing composition may contain two

or more types of the first silicon oxide.

The 50% particle diameter D50 of the first silicon oxide

-is from 60 to 150 nm. When the 50% of the sum of the weights
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of all the partieles in the first silicon oxide consists of
the accumulated welght of particles having a particle diameter
not more than a specific size as measured by laser diffraction
scatterlng, the specific size is the 50% partlcle diameter D50
of the first silicon oxide. That is, for example, when the
50% particle diametef D30 of the first silicon oxide is 60 nm,
the 50% of the sum of the weights of all the particles in the
first silicon oxide consists of the accumulated weight of
particles having a particle diameter not more than 60 nm.

When the 50% particle diameter D50 of-the first silicon oxide
is less than 60.nm,_the first silicon oxide action for
mechanically polishing the object to be polished is weak,
whereby there is a risk that the conductive film'lsuwhieh is
meant to be removed remains on the insulating film 12 after
polishing. When the 50% particle diaméter D50 of the first
silicon oxide exceeds 150 nm, the capability of the polishing
composition to pOllSh the copper containing metal is too high,
whereby there is a risk of the dishing depth and erosion depth
increasing. Further, because a first silicon oxide having a
50% particle diameter D50 exceeding 150 nm precipitates more
easily, there is a risk of the dispersion stability of the

polishing composition deteriorating.

The particle distribution width of the first silicon
oxide is preferably as narrow as possible. Specifically, the -
difference between the 75% particle diameter D75 of the first
silicon oxide and the 25% pafticle.diametef D25 of the first
silicon oxide is preferably from 10 to 50 nm. When the 75% of
the sum of the weights of.all the particles in the first
silicon oxide consists of the accumulated weight of particles
having a particle diameter not more than a specifié slze as
measured by laser diffraction scattering, the specific size is
the 75% particle diameter D75 of the first silicon oxide.

When the 25% of the sum of the weights of all the particles in

‘the first silicon oxide consists of the accumulated weight of
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particles having a particle diameter not more than a spgcific
size as measured by laser ‘diffraction scattering, the specific
size is the 25% particle diameter D25 of the first silicon
oxide. It is not easy to prepare a fifst-silicon oxide in
which the difference between the 75% particle diameter D75 and
the 25% particle diameter D25 is less than 10 nm. When the
difference between the 75% particle diameter D75 and the 25%
particle diameter D25 exceeds 50 nm, there is the risk that
the capability of the polishing composition to polish fhe
copper containing metal will deteriorate and that the dishing
depth and erosion depth will increase. 1In addition, there is
also the fear that scratches will develop on the object to be -
polished after polishing.

Ingredient (b), namely the second silicon oxide, acts to

mechanically polish the surface to be polished, and more

"specifically, acts to relatively smoothly polish the object to

be polished. Accordingly, the second silicon oxide reduces

dishing depth and eroéion depth, and thus suppresses the

~occurrence of dishing and erosion, by suppressing the copper

containing metal from being excessively polished. The second
silicon oxide may be colloidal siiica,r fumed silica, or
precipitated silica. Among these, colloidal silica or fumed
silica is preferred because of their high capability to polish

the copper containing metal, and more preferred is colloidal

silica. The polishing composition may contain two or more

types of the second silicon oxide.

The 50% particle diameter D50 of the second silicon
oxide is from 10 to 50 nm. When the 50% particle diameter D50
of the second silicon oxide is less than 10 nm, the second

silicon oxide action for mechanically polishing the object to

" be polished is weak, whereby there is a risk that the

conductive film 15 which is meant to be removed remains on the

-insulating film 12 after polishing. When the 50% particle
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diameter D530 of the second silicon oxide exceeds 50 nm, the
action of the second silicon oxide for mechanically polishing
the object to be polished is too high, whereby there is a risk

of the occurrence of dishing and erosion being accelerated, -

The particle distribution width of the second silicon
oxide is; in the same manner as that of the first silicon
6kide, preferably as narrow as possible. Specifically, the
difference'between the 75% particle diameter D75 of the 'second
silicon oxide and the 25% particle diameter D25 of the second
silicon oxide is preferably from 10 to 50 nm. It is not easy
to prepare a second silicon oxide in-which the difference
between the 75% particle diameter D75 and the 25% particle
diameter D25 is less than 10 nm. When the difference between
the 75% particle diaﬁeter D75 and the 25% pérticle diameter

D25 exceeds 50 nm, there is the risk that the capability of

.the polishing composition to polish the copper containing

‘metal will deteriorate and that the dishing depth and erosion

depth will increase.

To effectively suppress the occurrence of dishing and

~erosion, and to also improve the ability of the polishing

composition to polish the copper containing metal, when the
value of the 50% particle diameter D50 of the first silicon
oxide is relatively large, for example when it is 100 nm or

more to 150 nm or less, the value of the 50% particle diameter

D50 of the second silicon oxide is preferably relatively small,

for example 10 nm or more to 30 nm or less. In the same
manner, when the value of the 50% particle diameter D50 of the
first silicon oxide is relatively small, for example when it
is 60 nm or more to 100 nm or less, the value of the 50%
particle diameter D50 of the second silicon oxide is
preferably relatively large, for éxample 30 nm or more to 50

nm or less. However, a relatively small value of the 50%

-particle diameter D50 of the first silicon oxide and a
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- relatively large value of the 50% particle diameter D50.of the

second silicon oxide is preferable.
The total of the first silicon oxide content and the -
second silicon oxide content in the polishing composition is

preferably 0.01 to 10 mass$%, and more: preferably 0.1 to 3

"mass%. When the total silicon oxide content is less than 0.01

mass%, the capability of the‘polishing composition to polish

is insufficient, whereby there is a risk that the conductive

-film 15 which is meant to be removed remains on the insulating

film 12 after polishing. When the total silicon oxide content
exceeds 10 mass%, there is the risk that the occurrence of
dishing and erosion is accelerated due to the capability of
the polishing composition for polishing the object to be
polished being too high. - '

The ratio of the difference between the content of the
first silicon oxide in the polishing composition and the
content of the second silicon oxide in the polishing
composition is determined as appropriate. For example, if
more effective suppression of the occurrence of dishing and
erosion is desired, the ratio of the second silicon oxide can
be set to be high, while if more effective improvement in the
polishing capability of the polishing composition is desired,

the ratio of the first silicon oxide can be set to be high.

Ingreaient (c), namely the at least one selected from
the group consisting of carboxylic acid and alpha-amino acid,
acts to cause a chelate bond with copper, whereby the
capability of the polishing composition to polish the copper
containing metal increases. To particularly increase the
capability of the polishing composition to polish the copper
containing metal, the number of carbon atoms that the

r
carboxylic acid and alpha-amino acid contain in one molecule

"is preferably not more than 10. Specific examples of the
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carboxyllc acid 1nclude, for example, c1tr1c acid, oxallc acid,
succinic acid, maleic acid, and tartaric acid. The carboxyllc
acid may be either a monocarboxylic or a dicarboxylic acid,

and may contain an amino group or a hydroxy group. Specific
exémples of the alpha-amino acid include, for example, glycine,

alanine, and valine. To obtain én effect of reducing dishing

depth, an alpha-amino acid is preferable from among carboxylic

acid and alpha-amino acid, and alanine is more preferable.

The acid content in the polishing composition is
preferably 0.01 to 2 mass$%, and more preferably 0.4 to 1.5
mass%. When the acid content is less'than 0.01 mass%, the
capability of the polishing composition to polish the copper
containing metal is insufficient, whereby there is a risk that

the conductive film 15 which is meant to be ‘removed remains on

- the insulating film 12 after polishing. When the acid content

exceeds 2 mass%, the acid concentration is too high, whereby

‘there is a risk that the capability of the polishing

composition to polish the copper containing metal decreases

and also a risk that the occurrence of dishing is accelerated.

Ingredient (d), namely a corrosion inhibitor, acts to
inhibit surface corrosion of the conductive £ilm 15 by
protecting the copper containing metal from corrosion caused
by an oxidant. The—corrbsion inhibitor also acts to suppress
the occurrence of dishing by suppressing the conductive film
15 from being excessively polished. Spécific examples of the
corrosion inhibitor include, -for exanple, a benzotriazole
represented by general formula (19). 1In general formula (19),
the carbon atom on the fourth, fifth, 31xth or seventh
position can be substituted by a nitrogen atom, and the
nitrogen atom on the first position may be substituted by a
carbon atom. The benzotriazole derivative represented by

general formula (20} is preferable of the compounds

represented by general formula (19), because its action to
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protect the surface of the conductive film 15 is strong.

The benzotriazole derivatives represented by general
formula (205, in which R™ is an alkyl group having a carboxyl
group, include the compounds represented by general formula
(21). Examples of compounds represented by general formula
(21) include, for example, the 1-(1,2-dicarboxyethyl)

benzotriazole represented by chemical formula (22).

The benzotriazole derivatives represented by general

formula (20), in which R™ is an alkyl group having a hydroxy

"group and a tertiary amino group, include the compounds

represented by general formula (23). Examples of compounds
represented by general formula (23) include, for example, the

1—[N,N—bis(hydroxyethyl)aminomethyl] benzotriazole represented

by chemical formula (24).

The benzotriazole derivatives represented by general
formula (20), in which R is an.alkyl group having a hydroxy
group, include the compounds represented by general formula
(25) and the compounds represented by general formula (28).
Examples of compounds represented by general formulas (25) and
(26) include, for example, the 1-(2,3-
dihydroxypropyl)benzotriazole répresented by chemical formula

(27} and the 1-(hydroxymethyl)benzotriazole represented by
chemical formula (28).

The polishing composition may comprise two types or more
of the corrosion inhibitor. In the above~described corrosion
inhibitor, 1—[N,N-bis(hydroxyethyl)aminomethyl] benzotriazole
represented by chemical formula (24) is preferable, because
its action to protect the surface of the conductive film 15

from corrosion caused by acid is strong.

The content of the corrosion inhibitor in the peolishing
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composition is preferably 0.1 mass¥ or less. When the

corrosion inhibitor is a benzotriazole, the content of the

corrosion inhibitor in the polishing composition is preferably

0.000001 to 0.001 mass$%, and more preferably 0.00003 to 0.0005%

- mass%. When the corrosion inhibitor is 1-[N,N-

bis(hydroxyethyl)aminomethyl] benzotriazole, the content of

the corrosion inhibitor in the polishing composition is

. preferably 0.00005 to 0.005 mass%, and more preferably 0.00031

te 0.001 mass%. When the corrosion inhibitor is 1-(2,3-

‘dihydroxypropyl)benzotriazole, the content of the corrosion

inhibitor in the polishing composition is preferably 0.001 to
0.1 mass%, and more préferably 0.003 to 0.05 mass%. When the
corrosion inhibitor is 1—(1,2-d£carboxyethyl) benzotriazole,
the content of the corrosion inhibitor in the polishing
composition is preferably 0.0005 to 0.01 mass%, andlmore
preferably 0.002 to 0.008 mass$.

When the content of the corrosion inhibitor is too small,

there is a risk that roughness will appear or dishing will

occur on the surface of the polished conductive film 15, due

to the action for protecting the surface of the conductive

film 15 and the action for suppressing the occurrence of

dishing not being sufficient. When the content of the

corrosion inhibitor is too high, there is a risk of the
éonductive film 15 which is meant to be removed remaining on
the insulating f£ilm 12 after polishing, due to the capability
of the polishing composition to polish the copper containing

metal later not being sufficient.

Ingredient (e), namely a surfactant, acts to suppress
the occurrence of dishing by lowering the dishing depth.
Specific examples of the surfactant include, for example, palm
oil fatty acid sarcosine triethanolamine represented by

chemicél formula (10), palm oil fatty acid methyltaurine

-sodium represented by formula (11), polyoxyethylene palm oil
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fatty a01d monoethanolamide sodium sulfate represented by
chemical formula (12), polyoxyethylene alkylphenyl ether
phosphate represented by chemical formula (13), ;
dodecylbenzenesulfonate triethanolamine represented by

chemical formula (14}, polyoxyethylene alkyl sodium

sulfosuccinate represented by chemical formula (15), dioctyl

type succinates represented by chemical formula (16),
polyoxyethylene lauryl ether sulfate triethanolamine
represented by chemical formula (17), and

'diiéobutyldimethylbutyne diol polyoxyethylene glycol ether

represented by chemical formula (18) .

‘The surfactant content in the pollshlng composition is

' preferably 0.025 to 0.2 mass%, and more preferably 0.03 to 0.1

mass3. When the surfactant content is less than 0.025 mass%,
the dishing depth is hardly reduced, whereby there is a risk
that the dishing occurrence cannot be suppressed. When the

‘surfactant content exceeds 0.2 mass%, polishing of the copper

containing metal is too strongly suppressed, whereby there is

a risk that the conductive film 15 which is meant to be

removed remains on the insulating film 12 after polishing.

Ingredient (£), namely an oxidant, acts to accelerate
mechanical polishing using the first and second silicon oxides

through oxidation of the copper containing metal. The oxidant

. may be a persulfate, such as ammonium persulfate, potassium

persulfate, or sodium persulfate, peribdic acid, peracetic
acid, perchloric acid, ammonium percarbonate, or hydrogen
peroxide. BAmong these, a persulfate is preferable in view of
its strong capability of oxidizing copper, and even more

preferable is ammonium persulfate.

The oxidant content in the polishing composition is

preferably 0.5 to 10 mass%, and more preferably 1 to 5 massy.

When the oxidant content is less than 0.5 mass%, there is a
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. risk that the conductive film 15 which is meant to be removed

remains on the insulating film 12 after polishing due to the
capability of the polishing composition to polish the ‘copper
containing metal being‘insufficient. When the oxidant content
exceeds 10 mass%, there is a risk of the dishing depth
increasing due to the capability of the polishing composition
to polish the copper containing metal being too high.
Ingredient (g), namely water, acts as a medium for
dissolving or dispersing the ingredients other than water that -
are in the polishing composition. The water preferably
contains as little impurities as possible, Specific_exampies
include pure water from which impurity ions were removed using
an ion-exchange resin, and was then passed through a filter to

remove foreign substances, ultra-pure water, or distilled -

- water.

The polishing composition is prepared by adding
Ingredients (a) to (f) to water, and mixing. During the
mixing, a blade-type agitator or an ultrasonic dispefsing
apparatus can be used. The order of adding Ingredients (a) to

(f) to water is not specifically limited. -

The pH of the polishing composition is 7 or more,

preferably 7 to 12, and most preferably 8 to 10. When the

polishing composition PH is less than 7, there is a risk that
the capability‘of fhe polishing composition to polish the
copper containing metal deteriorates. When the polishing ‘
composition PH exceeds 12, .there is a risk of the occurrence
of dishing being accelerated due to the capability of the
polishing composition to polish the copper .containing metal
being too high. The polishing compositicn pH may be adjusted

by the addition of ammonia to the polishing composition.

When performing the chemical mechanical polishing of the
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-second polishing process using the polishing composition

‘according to the fourth embodiment, the polishing pad is

pressed against the surface of the conductive film 15 while

supplying polishing composition to the surface of conductive
film 15, and rotated.

~

In the polishing composition according to the fourth
embodiment, the occurrence of dishing is suppressed due to the
action of the second silicon oxide, the corrosion inhibitor,
and the surfactant in the polishing composition. In addition,
the capability of the polishing composition to polish the
gépper containing métal improves due to the action of the
first silicon oxide and the at least one selected from the
group consisting of carboxylic¢ acid and alpha-amino acid in

the polishing composition.

It should be apparent to those skilled in the art that

the present invention may be embodied in many other specific

forms without departing from the spirit of scope of the

invention. Particularly, it should be understood that the

invention may be embodied in the following forms.

Each of the polishing compositions according to the
first to fourth embodiments may further comprise, as necessary,

a thickener, an antifoaming agent, or a preservative.

Each of the polishing compositions according to the
first to fourth embodiments may be prepared by diluting the
stock solution with water.

The polishing composition according to the third
embodiment may be prepared and stored in a state where the
persulfate is separated from the other ingredients, whereby

the persulfate may be added to the other ingredients

‘immediately before use. In such a case, the decomposition of



10

15

20

25

30

35

13 and the portion of the barrier film 14 that is located

49

_?ersulfate in the polishing composition is suppressed when the

polishing composition is stored for a long period of time.

As shown in Fig. 1(e¢), during the first polishing
process, a part of the portion of the conductive film 15 that
is located outside of the trench 13 may be removed by chemical -

mechanical polishing so that an upper surface of the barrier

film 14 is exposed. Subsequently, as shown in Fig. 1(d),

during the second polishing process, the reméining portion of

the conductive film 15 that is lécated outside of the trench

;
outside of the trench i3 may be removed- by chemical mechanical

- polishing so that an upper surface of the insulating film 12

is exposed. In such a case, the polishing compositions
according to the first to fourth embodiments can be used in

the chemical mechanical polishing of the first polishing

- process.

Examples and Comparative Examples according to the

present invention will now be described.
<Examples 1 to 31 and Comparative Examples 1 to 11>

Each ingredient shown in Table 1 was mixed with water to

prepare the polishing compositions according to Examples 1 to

31 and Comparative Examples 1 to 11.

The measured results of the pH for each of the polishing
compositions according to Examples 1 to 31 and Comparative

Examples 1 to 11 are shown in Table 1.

The thickness of a copper blanket wafer before and after
polishing was measured when a copper blanket wafer was

polished in accordance with the first polishing conditions

-using the polishing compositions according to Examples 1 to 31
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and Comparative Examples 1 to 11. Wafer thickness was y
measured using a sheet resistor (VR—120,-manufactured by
Kokusai Denki System Service K.K. }. The reduction in wafer
thickness as a result of the polishing was determined from
wafer thickness measured before and after polishing. A
polishing rate obtained by dividing the reduction in wafer
thickness obtained in this way by the polishing time is shown
in the "Polishing Rate"™ column of Téble 1.

(First Polishinhg Conditions) -

Polishing machine: Polishing machine for single-sided
CMP (Mirra; manufactured by Applied Materials, Inc )

Object to be polished: Copper blanket wafer comprising a
copper film formed on an 8-inch silicon wafer by an
electrolytic plating method 7

Polishing pad: laminated polishing pad made of
polyurethane (IC-1000/Suba 400 manufactured by Rodel Inc.)

Polishing pressure: 2 p31 (about 13.8 kPa)

Turntable rotathn speed: 60 rpm

Feed speed of polishing composition: 200 ml/min

-Carrier rotation speed: 60 rpm

Polishing time: 1 minute

Copper patterned wafers were ﬁolished in accordance with
the second polishing conditions using the polishing slurry
"PLANERLITE-7102", manufactured by Fujimi Incorporated.
Polishing was stopped when the copper film thickness of the
polished copper patterned wafer had reached 70% of the copper
film thickness of the copper patterned wafer prior to
polishing. This process corresponds to the chemical
mechanical polishing process of the first polishing process.
Next, copper patterned wafers that had been subjected to the
chemical mechanical polishing process of the first polishing

process were polished in accordance with the first polishing

conditions using the respective polishing compositions
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accordlng to Examples 1 to 31 and Comparative Examples 1 to-11.

Once an end point signal 1ndlcat1ng that an upper surface of

the barrier film 14 was exposed had been detected, polishing

‘was completed after further polishing only for the extra time

it took to polish the copper film to a thickness of 200 nm.
This process corresponds to the chemical mechanical polishing
process of the second polishing process. The dishing depth
was then measured in the region intwhich wiring 17 had a width
of 100 um. The dishing depth was measured using the profiler
HRP340 manufactured by KLA-Tencor Corporation, which is a
contact-type surface measuring device. These measured results

are shown in the "Dishing Depth"'colﬁmn of Table 1.

The amount of copper containing metal that remained on
the insulting film 12 of the region wherein wiring 17 was not
formed was measured for the copper patterned wafers that had
been subjected to the chemical mechanical polishing process of

the second.polishing proceés, The remaining amount of copper

containing metal was measured using an "OPTIPHOTO 300"

differential interference microscope manufactured by Nikon

Corporation. Based on the-remaining amount of copper
containing metal measured in this manner, each polishing
composition was evaluated using the four grades of excellent
(@), good (O), acceptable {A), and poor (X). That is, cases
where absolutely no copper containing metal residual could be
seen were evaluated as excellent' cases where a small degree
of patchy-shaped copper containing metal residue could be seen
were evaluated as good; cases where patchy—shaped copper
containing metal residue could be seen over the entire object
were evaluated as acceptable; cases where a large amount of
copper containing metal remained over the entire object to
such an extent that wiring could not be made out were
evaluated as poor. These evaluation results are shown in the

"Copper Containing Metal Residue Bmount" column of Table 1.
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(Second Polishing Conditions) ¢

Pollshlng machine: Polishing machine for 31ngle—51ded
CMP (erra, manufactured by Applied Materials, Inc. ),.

Object to be polished: Patterned wafer (854 mask
pattern) comprising a copper film having a thickness of 1000
nm and initial concave portions 16 having an 800 nm depth
(manufactured by SEMATECH, Inc.);

Polishing pad: laminated poliéhing pad made of
polyurethane (IC-1400, manufactured by Rodel Inc.)

' Polishing pressure: 2.0 psi {about 13.8 kPa)

Turntable rotation speed: 100 rpm A

Feed speed of polishing composition: 200 ml/min

Carrier rotation speed: 100 rpm

Copper blanket wafers were polished in accordance with
the first polishing conditions using both polishing
compositions directly after they had been prepared, and
polishing compositionsrthat had been stored for some time
after preparation in an airtight vessel. The respective

polishing rate was calculated from the wafer thickness before

. and after polishing, whereby based on the comparison between

the two calculated polishing rates, the pot llfe for each

~ polishing composition was evaluated- using the four grades of

excellent (©®), good (O), acceptable (A), and poor {(X). That

is, cases where the polishing rate achieved using a polishing

composition that had been stored for two weeks or more was

greater than 90% of the polishing rate achieved using a
polishing composition directly after being prepared were
evaluated as excellent; cases where the polishing rate ‘
achieved using a polishing composition that had been stored
for at least one week, but less than 2 weeks, was less than
90% of the polishing rate achieved using a polishing
composition directly after being prepared were evaluated as

good; cases where the polishing rate achieved using a,

‘polishing composition that had been stored for at least 3 days,
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but less than 1 week, was less than 90% of the pollshlng rate
achieved usxng a polishing composition directly after being
prepared were evaluated as acceptable; and cases where' the
polishing rate achieved using a polishing comﬁosition that had
- been stored for at less than 3 days, was less than 90% of the
polishing rate achieved using a polishing compositioﬁ.directly
after being prepared were evaluated as poor. These evaluation

results are shown in the "Pot Life" -column of Table 1.
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Table 1 (continued)
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In the "Surfactant" column of Table 1:

Al denotes palm oil fatty acid sarcosine
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triethanolamine; L
A2 denotes palm oil fatty acid methyltaurine sodiﬁm;,
A3 denotes polyoxyethylene palm oil fatty acid ;
monoethanolamide sodium sulfate;:
Bl denotes polyoxyethylene'alkylphenyl ether phosﬁhate;
B2 denotes dodecylbenzenesulfonate triethanolamine;
Cl denotes polyoxyethylene alkyl sodium sulfosucc1nate,
C2 denotes sulfosu001nate, )
D denotes polyoxyethylene léuryl ether sulfate
trlethanolamlne,

E denotes dllsobutyldlmethylbutyne diol polyoxyethylene

- glycol ether; and

F denotes polyoxyethylene polyoxypropylene-alkyl ether
represented by chemical formula (30).

-+ (30)

In chemical formula (30), the sum of w and y is 164, and
x is 31.

In the "Silicon Oxide" column of Table 1:
. C81 is a colloidal silica having a mean partlcle
diameter Dy of 0.03 Hm;

C82 is a colloidal silica having a mean particile

.. diameter Dy of 0.05 um;

CS53 is a colloidal s1llca havmng a mean particle

' diameter Dys of 0.07 pm; and

FS3 is a fumed silica hav1ng a mean particle dlameter Dys
of 0.07 um.

The mean particle diameter Dng of the silicon dioxide was
measured using an N4 Plus Submicron Particle Sizer

manufactured by Beckman Coulter, Inc. The total content of

iron, nickel copper, chromium, zinc and calcium in a 20 mass%



10

15

20

25

30

35

56

aqueous solution of colloidal silica was not more than 20 ppb.

In the "Carboxyllc Acid or Alpha—amino Acid" column of
Table 1:

Ala denctes alanine;

Gly denotes glycine;

Val denotes valine;

Cit denotes citric acid; and

Oxa denotes oxalic acid.

In the "Corrosion Inhibitor" column of Table 1:

G denotes 14(2,3—dihydroxyprop§l)benzotriaZole;

H denotes 1—[N,N~bis(hydroxyethyl)aminomethyl]
benzotriazole; and

I denotes 1~(l,2—dicarboxyethyl) benzotriazole.

In the "Oxidant". column of Table 1:
APS denotes ammonium persulfate; and -

HPO denotes hydrogen peroxide.

As shown in Table 1, it was learned that in Examples 1
to 31 dishing depth is small aﬁd the occurrence. of dishing is
suppressed. It was also learned that the capability of the
polishing composition according to Examples 1 to 31 to polish

@ copper containing metal is high.

The ?olishing compositions according to Examples 1 to 4,
in which the content of a compound selected from a first group
was from 0.05 to 0.1 mass%, and the pelishing compositions
according to Examples 5 to 7, in Whlch the content of a
compound selected from a second group was from 0.05 to 0.1
mass$, had a high capability to polish a copper containing
metal, yet could dramatically reduce dishing depth.

<Examples 101 to 133 and Comparative Examples 101 to 116>
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Each ingredient shown in Table 2 was mizxed with water to
prepare the polishing compositions of Examples 101 to ﬁ33 and
Comparative EXamples 101 to 11is6.

The measured results of the pH for each of the polishing

- compositions according to Examples 101 to 133 and Comparative

Examples 101 to 116 are shown in Table 2.

The thickness of a copper blanket wafer before and after

;pollshlng was measured when a copper blanket wafer was

polished in accordance with the Ffirst polishing conditions
using the polishing compositions according to Examples 101 to
133 and Comparative Examples 101 to 116. Wafer thickness was
measured using a sheet resistor (VR-120, manufactured by

Kokusai Denki System Service K.K.). The reductlon in wafer

thickness as a result of the polishing was determined from the

wafer thickness measured before and after polishing. A
polishing rate obtained by dividing the reduction in wafer
thickness obtained in this way by the polishing time is shown
in the "Polishing Rate" column of Table 2.

Copper patterned wafers were polished in accordance with
the second polishing conditions using the polishing slurry

"PLANERLITE-7102", manufactured by FUJlml Incorporated

iPollshlng was stopped when the copper f£ilm thickness of the

polished copper patterned wafer had reached 70% of the copper
film thickness of the copper patterned wafer prior to
polishing. This process corresponds to the chemical
mechanical polishing process of the first polishing process.
Next, copper patterned wafers that had been subjected to the
chemical mechanical polishing process of the First polishing
process were polished in accordance with the first polishing

conditions using the respective polishing compositions

‘according to Examples 101 to 133 and Comparative Examples 101
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to 116. Once an end point signal 1ndlcat1ng that an upper
surface of the barrier 14 was exposed had been detected,
polishing was completed after further polishing only for the

extra time it took to polish the copper film to a thickness of

200 nm. This process corresponds to the chemical mechanical

polishing process of the second polishing process. The
dishing depth was then measured in the region in which wiring

17 had a width of 100 um. The dishing depth was measured

-using the profiler HRP340 manufactured by KLA-Tencor

Corporation, which is a contact-type surface measuring device.
These measured results are shown in the "Dishing Depth" column
of Table 2.

The amount of copper contaiﬁing metal that remained on
the 1nsult1ng film 12. of the region wherein wiring 17 was not
formed was measured for the copper patterned wafers that had

been subjected to the chemical mechanlcal polishing process of

- the second polishing process. The remaining amount of copper

containing metal was measured using a "OPTIPHOTO 300"

. differential interference microscope manufactured by Nikon

Corporation. Based on the remaining amount of copper
containing metal measured in this manner, each polishing
composition was evaluated using the Ffour grades of excellent
(@), good (O), acceptable (A), and poor (X). That is, cases

where absolutely no copper containing metal residual could be

‘Seen were evaluated as excellent: cases where a small degree

of patchy-shaped copper containing metal residue could be seen
were evaluated as good; cases where patchy-shaped copper

containing metal residue could be seen over the entire object

were evaluated as good; cases where a large amount of copper

containing metal remained over the entire cbject to such an
extent that wiring could not be made out were evaluated as
poor. These evaluation results are shown in the "Copper

Containing Metal Residue Amount” column of Table 2,
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Copper blanket wafers were polished in accordanceqwith

the first polishing conditions using both polishing

 compositions directly after they had been prepared, anﬂ

polishing compositions that had been stored for some time
after preparation in an airtight vessel. The respective
polishing rate was calculated from the wafer thickness before
and after polishing, whereby based on the comparison between

the two calculated polishing rates, the pot life for each

polishing composition was evaluated using the four grades of

excellent (@), good (O}, acceptable (A), and poor (X). That

- is, cases where the polishing rate achieved using a polishing

' composition that had been stored for two weeks or more was

greater than 90% of the polishing rate achieved using a
polishing composition directly after being prepared were
evaluated as excellent; cases where the polishing rate
achieved using a polishing composition that had been stored
fpr at least oné week, but less than 2 weeks, was less than
80% of the polishing rate achieved using a polishing
composition directly after being prepared were evaluated as
good; cases where the polishing rate achieved using a
polishing composition that had been stored for at least 3 days,
but less than 1 week, was less than 90% of the polishing rate
achieved using a polishing composition directly after being

pPrepared were evaluated as acceptable; and cases where the

pelishing rate achieved using a polishing composition that had

been stored for at less than 3 days, was less than 90% of the

polishing rate achieved using a polishing composition directly
after being prepared were evaluated as poor. These evaluation

results are shown in the "Pot Life" column of Table 2.



60

Table 2'
g?q_‘ :
a9 [
a2 S 8
25|25
se | S8 2l .
:g‘g E e ‘6 E o g)o #
SEE BE.5| B% s
SACELE o8 5E B
2898579 B £8 g | §
g GElE g ul 2 e g i g 2 T
§25158%8 5 3 2 &3 g8 S s |28
= O NE =} @ o 5 o] k= & oy g
2 R £ ] 2 = wEe . |E8
< a3 g Cu | A | E5
. E, & =8 wh [§% &
x 101 | A E:) Ch E5 |58 =
014 G P 85| &
Ex. 102 AlaA 0.01% Cs2 A g8 a
0.59 Al a.4
x. 103 AL 0.01% 63533 -gzl% 0 0?5.,/ APS 3
g G 3% * )
Ex. 104 % | 0.01% e 202% e Al 9.5 { 1000
AT G o | o5% | obn ooisw | Gor | 95| 1100 -
Ex. 105 Alau 0.01% (FSS2 O‘Eﬁ% 0 Olljsiy AP; S5 800 50 Ol A
29, G 3% : (1 - .
Ex. 106 AI/: 0.01% 55520 0'2121%‘ 0 Oli)so/ gf"s 905 | 600 | 2 OlA
19 G 5% : : b i -
[Ex. 107 Al/; 0.001% 63532“ 0.2.21% 0 011}50/ AI;/QS 9.5 | 400 " o1 A
. 19 G 5% * ° :
- [Bx. 108 Al/; 0.005% 335320 Gfﬁ% 0 o?w iff‘é 9.5 | 200 iy Ol a
- o -
Ex. 10 1% | 003% | o % | 002% | 0.0 o] 1% [ -
' s | W %M oo | o2 o | o015 | ‘19 800 | 100 -
) - 0,
[Ex. 110 1% | 001% 3:532" "ﬁ?i% 0.015% j{"s 95 | 700 | 70 O]aA
1% G 3% L :
i | AR 0.01% 00582 0.02% 10 015% A5 95 | 300 | 15 °olA
_ - 1¢ H 5% : (d )
ks Yl 05 Ry e o15% s 5 | 800 | 50 214
1% H 3% * (] o,
Ex. 113 A]/; 0.0005% 5: SS‘,’%’ 0.221% 0 0]1)5gy Allfé > 400 15 O a
] - 1¢° H . - () :
Ex. 114 foo | 0.001% oA 0.015% 23S 25 | 800 il B
B 1% I 0.5% OAI -015% 1% 9.5 160 O
) I . - (3 o, :
Ex. 116 Aﬁ: 0.005% ()Cssg 0-};2]% 0 0[1)5.,/ A}f?s | 95| 300 1'5 O] A
19/ I T LD = (1] 0 1 ; .
Ex. 117 Gl; 0.(;_1I % é: :—??% 0'221% 0 011350/ AlP/os bl 800 100 - A
’ 1° N . L o
[Ex. 118 Vfl 0.0005% (lcssg 0.32;% 0 0]1)5fy .ﬁi]'?s 9.5 | 600 ” Ol A
10 H E - (2
Ex. 119 Gf’ 0.0005% CS2° 0.02% |0 OD i;f’ 95 | 300 o FAN
197 05% | 0.5% A o1 | o | 9 15 | A
Ex. 120 Val 0.005% OCSSZ ‘}(;21% 0 O?Sy APOS 5 800 50 A
it o1 5% * L)
Ex 121 1% | 0005% 2 0.02% 10 s 1% os | 200 | 13 O | A
19 G D% o0 )
: 1% G 5% - ) o
Ex. 123 Aﬁ: 0.01% Ocsszo O'g%% 0 Olljs‘y ;lf‘é 9.5 400 15 - Q FAN
10 G 5% L O15% | 17
e Cs2 002% |0 D 1% | 03 | 600 - s]a
10 G 3% : 9 12
Ex. 125 AI/;. 0.01% (§:552 0-322% 0 0?50/ AP/GS 9.5 600 20 O AN
G 5% : - (]
1% | 0.01% ol ooz | o.00 ‘i% 95 | 400 ol a
o | oson | oSh 0.015% | 1% 40
0.02% D 1% | 95| 80 olo
6] 1% | 93 ' ©
: 800 AN
100 O
FaY




61
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In the "Alpha-amino Acid or Polishing Accelerator in
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place thereof™ column of Table 2:
Ala denotes alanine;
Gly .denotes glycine; : ' i
Val denotes valine; '
Cit denotes citric acid;
LA denotes lactic acid;
Oxa denotes oxalic acid;
NA ‘denotes nitric acid; and

SA denotes sulfuric acid.

In the "Benzotrlazole Derlvatlve or Corrosion Inhlbltor
in place thereof™ column of Table 2:

G denotes 1-(2,3-dihydroxypropyl)benzotriazole;

H denotes 1—[N,N~b15(hydroxyethyl)amlnomethyl]
benzotriazole; |

I denotes 1-(1,2—dicérboxyethyl} benzotriazole; and

J denotes benzotriazole.

In the "Silicon Oxide"™ column of Table 2:
CS1l is a colloidal silica having a mean particle
diameter Dyy; of 0.03 pm;

CS2 is a colloidal silica having a mean particle
diameter Dys of 0.05 pm;

CS3 is a colloidal silica having a mean particle
diameter Dy; of 0.07 pm; and

 FS3 is a fumed silica having a mean particle diameter Dy,

‘of - 0.07 pm.

The mean particle diameter Dy; of the silicon dioxide was
measured using an N4 Plus Submicron Particle Sizer
manufactured by Beckman Coulter, Inc. The total content of
iron, nickel copper, chromium, zinc and calcium in a 20 mass% -
aqueous solution of colloidal. silica was not more than 20 ppb.

£l

In the "Surfactant" column of Table 2:
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Al denotes palm oil fatty acid sarcosine 3

triethanolamine;

A2 denotes palm oil fatty acid methyltaurine sodium;
A3 denotes polyoxyethylene palm oil fatty acid |

.monoethanolamlde sodium sulfate;

Bl denoctes polyoxyethylene alkylphenyl ether phosphate:

B2 denotes dodecylbenzenesulfonate triethénolamine,

Cl denotes polyoxyethylene alkyl sodium sulfosucc1nate,
- C2 denotes sulfosuccinate;

D denotes polyoxyethylene lauryl ether sulfate

triethanolamine; and

E denotes diisobutyldimethylbutyne diol polyoxyethylene
glycol ether.

In the "oxidant" column of Table 2:
APS denotes ammonium persulfate; and

HPO denotes hydrogen peroxide.

As shown in Table 2, it was learned that in Examples 101 .
to 133, dishing depth is small and the occurrence of dishing

Cis suppressed. It was also learned that the capability of the

polishing cbmpositioh according to Examples 101 to 133 to

polish a copper containing metal is high.

The polishing compositions according to Examples 1 to 5,

~in which the content of alpha-amino acid was from 0.5 to 1.5

mass%, had a high capébility to polish a copper containing'
metal, yet could dramatically reduce dishing depth. The

polishing compositions according to Examples 6 to 8, in which

.the content of benzotriazole derivative was from 0.005 to 0.02

mass%, could dramatically reduce dishing depth.
<Examples 201 to 235 and Comparative Examples 201 to 214>

Each ingredient shown in Table 3 was mixed with water to
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prepare the polishing compositions of Examples 201 to 235 and
Comparative Examples 201 to 214. A pH modifier was added to
each polishing composition in just the amount to adjust the pH

for the polishing compositions to the values shown in Table 3.

A mixture of sodium hydroxide and 0;03 mass$ ammonia was added

as .the pH modifier to the polishing composition of Example 214,
A mixture of sodium hydroxide and 0.5 mass% ammonium carbonate
was added as the pH modifier to the polishing composition of -

Example 215.

The thickness of a copper blanket wafef before and after
polishing was measured when a copper blanket wafer was
polished in accordance with the first poiishing conditions
using the polishing compositions according to Examples 201 to
235 and Comparative Examples 201 to 214. Wafer thickness was

measured using a sheet resistor {(VR-120, manufactured by

Kokusai Denki System Service K.K.). The reduction in wafer

thickness as a result of the polishing was determined from the
wafer thickness measured before and after polishing. A
polishing rate obtained by dividing the reduction in wafer

thickness obtained in this way by the polishing time is shown

-in the "Polishing Rate" column of Table 3.

Copper patterned wafers were polished in accordance with
the second polishing conditions using the polishing slurry
"PLANERLITE-7102", manufactured by Fujimi Incorporated.
Polishing was stopped when the copper film thickness of the
polished copper patterned wafer had reached 70% of the copper
film thickness of the copper patterned wafer prior to
polishing. This process corresponds to the chemical
mechanical polishing process of the first polishing process.
Next, copper patterned wafers that had been subjected to the
chemical mechanical polishing process of the first pelishing

process were polished in accordance with the first polishing

--conditions using the respective polishing compositions
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~according to Examples 201 to 235 and Comparative Examples 201

to 214. Once an end point signal indicating that an upper
surface of the barrier 14 was exposed had been detecte@,
polishing was completed after further polishing only for the
extra time it took to polish the copper film to a thickness of
200 nm. This process corréspondé to the chemical mechanical
polishing process of the second polishing process. The
dishing depth was then measured in the region in which wiring
17 had a width of 100 um. The dishing depth was measured
using the profiler HRP340 manufactured by KLA-Tencor
Corporatién, which is a contact~type surface measuring device.

These measured results are shown in the "Dishing Depth" column

of Table 3. The "~" (hyphens) in this column indicates that

measurement of the dishing depth was impossible because the

wafer had not been polished.

The amount of copper containing metal that remained on
the insulting film 12 of the region wherein wiring 17 was not
formed was measured for tﬂe copper patterned wafers that had
been subjected to the chemical mechanical polishing process of

the second polishing process. The remaining amount of coppef

-containing metal was measured using an "OPTIPHOTO 300"

differential interference microscope manufactured by Nikon
Corporapibn. Based on the remaining amount of copper
containing metal measured in this manner, each polishing
composition was evaluated using the four grades of excellent
(@), good (0O), acceptable (A), and poor (X). That is, cases
where absolutely no copper containing metal residual could be .
seen were evaluated as excellent; cases where a small degree
of patchy-shaped copper containing metal residue could be seen
were evaluated as good; cases where patchy-shaped copper
containing metal residue could be seen over the entire object
were evaluated as good; cases where a large amount of copper

containing metal remained over the entire object to such an

‘extent that wiring could not be made cut were evaluated as
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poor. These evaluation results are shown in the "Coppeg

Containing Metal Residue Amount" column of Table 3.

Copper-blanket wafers were polished in accordance with

the first polishing conditions using both polishing

_ compositions directly after they had been prepared, and

'polishing compositions that had been stored for some time

after preparation in an airtight vessel. The respective
polishing rate was calculated from the wafer thickness before
and after polishing, whereby based on the comparison between
the two calculatgd polishing rates, the pot life for each

polishing compositiéh’was evaluated using the four grades of

- excellent (@), good (O}, acceptable (A), and poor (X)}. That

is, cases where the polishing rate achieved using a polishing

composition that had been stored for two weeks or more was
greatér than 90% of the polishing raté.achieved using a
polishing composition directly after being prepared were
evaluated as excellent; cases where the peolishing rate
achieved using a polishing composition that had been stored
for at least one week, but less than 2 weeks, was less than
90% of the polishing rate achieved using a polishing
composition directly after being prepared were evaluated as
good; cases where the polishing rate achieved using a
polishing composition that had been stored for at least 3 days,
but less than 1 week, was less than .90% of the polishing rate
achieved using a polishing composition directly after being
prepared were evaluated as acceptable; and- cases where the
polishing rate achieved using a polishing composition that had
been stored for at less than 3 days, was less than 90% of the
polishing rate achieved using a polishing composition directly
after being prepared were evaluated as peor. These evaluation

results are shown. in the "Pot Life" -column of Table 3.
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In the "Silicon Oxide"™ column of Table 3:

CS1 is a colloidal silica having a mean particle
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diameter Dys of 0.03 pm;

Cs2

diameter Dy of 0.05 um; . 3

Cs3

K

1s a colloidal silica having a mean particle

R

is a colloidal silica having a mean particle

diameter Dya ©of 0.07 um; and

FS3

of 0.07 um.

is a fumed silica having a mean particle diameter Dy,

The mean particle diametér Dy, of the silicon dioxide was

measured using an N4 Plus Submicron Particle Sizer

manufactured by Beckman Coulter, Inc. The total content of

iron, nickel copper, chromium, zinc and calecium in a 20 mass%

- aqueous solution of colloidal silica was not more than 20 prb.

In the "Carboxylic Acid or Alpha-amino Acid" column of

Table 3:
Ala
Gly
Val
Cit

Oxa

denotes alanine;

denotes glycine;

denotes valine;

denotes citric acid; and

denotes oxalic acid.

In the "Corrosion Inhibitor" column of Table 3:

G denotes 1~(2,3-dihydroxypropyl)benzotriazole;
H denotes 1-[N,N-bis (hydroxyethyl)aminomethyl]
benzotriazole; and

- T denotes 1-(1,2-dicarboxyethyl) benzotriazole.

In the "Surfactant" column of Table 3:

Al denotes palm oil fatty acid sarcosine

triethanolamine;

A2 denotes palm oil fatty acid methyltaurine sodium;

A3 denotes polyoxyethylene palm oil fatty acid

monoethanolamide sodium sulfate;

Bl denotes polyoxyethylene alkylphenyl ether phosphate;
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B2 denotes dodecylbenzenesulfonate triethanolaming;

Cl denotes polyoxyethylene alkyl sodium sulfosuccinate;
CZ2 denotes sulfosuccinate; i

D1 denotes polyoxyethylene lauryl ether sulfate

triethanolamine; and

E denotes diisobutyldimethylbutyne diol polyoxyethylene
glycol ether.

In the "Persulfate or Oxidant in place thereof" column
of Table 3: |

APS‘denotes ammoniuvm persulfate;

KPS denotes potassium persulfaﬁe;

'NPS denotes sodium persulfate;

PIA dehotes periodic acid;

PAA denotes peracetic aqid; and

- PCA denotes perchloric acid.

As shown in Table 3, it was learned that in Examples 201

-to 235, dishing depth is small and the oécurrence of dishing

is suppressed. It was also learned that the capability of the
polishing composition according to Examples 201 to 235 to
polish a copper containing metal is high.

<Examples 301 to 313 and Comparative Examples 301 to 315>

~Each ingredient shown in Table 4 was mixed with water to

 Prepare the polishing compositions of Examples 301 to 313 and

Comparative Examples 301 to 315. The pH for each polishing

composition was adjusted to pH 9.5 by adding sodium hydroxide.

The thickness of a copper blanket wafer before and after
polishing was measured when a copper blanket wafer was
polished in accordance with ‘the first polishing conditions

using the polishing compositions according to Examples 301 to

313 and Comparative Examples 301 to 315. Wafer thickness was
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measured using a sheet resistor (VR-120, manufactured by
Kokusai Denki System Service K.K.). The reduction in wafer
thickness as a result of the polishing was determined?from the .
wafer thickness measured before and after polishing. A
polishing rate cbtained by dividing the reduction in wafer
thickness obtained in this way by the polishiné time is shown

in the "Polishing Rate" column of Table 4.

Copper patterned wafers were polished in accordance with
the second polishing conditions using the polishing slurry
"PLANERLITE-~7102", manufactured by Fujimi Incorporated.
Polishing was stopped when the copper film thickness of the
polished copper patterned wafer had reached 70% of the copper
film thickness of the copper patterned wafer prior to
polishing. This process corresponds to the chemical
mechanical polishing process of ‘the Ffirst polishing process.
Next, copper patterned wafers that had been subjectéd to the
chemical mechanical polishing process of the first polishing
process were polished in accordance with the first polishing
conditions using the respective polishing compositions
aécording to Examples 301 to 313 and Comparative Examples 301

to 315. Once an end point signal indicating that an upper .

- surface of the barrier 14 was exposed had been detected,

polishing was completed after further polishing only for the
extra time it took to polish the copper film to a thickness of
200 nm. This process corresponds to the chemical mechanical
polishing process of the second polishing process. The
dishing depth d was then measured in the region in which
wiring 17 had a width of 100 pm. The dishing depth was
measured using the profiler HRP340 manufactured by KLA~Tencor
Corporation, which is a contact-type surface measuring device.
These measured results are shown in the "Dishing Depth" column
of Table 4. '

The amount of copper containing metal that remained on
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the insulting film 12 of the region wherein wiring 17 was not
formed was measured for the copper patterned wafers that had

been subjected to the chemical ﬁechanical polishing pﬁbcéss of

the second polishing process. The remaining amount of copper '
contalnlng metal was measured using an "OPTIPHOTO 300"

dlfferentlal intexrference microscope manufactured by Nikon

-Corporation. Based on the remaining amount of copper

containing metal measured in this manner, each polishing
composition was evaluated using the four grades of excellent
(CU; good (Q), acceptable (A), and poor (X). 'That is, cases
where absolutely no copper contéining metal residual could be

seen were evaluated as excellent; cases where a small degree

" of patchy-shaped copper containing metal residue could be seen

were evaluated as good; cases where patchy-shaped copper
containing metal residue could be seen over the entire ocbject
were evaluated as good; cases where a large amount of copper
containing metal remained over the entire object to such an
extent that wiring could not be made out were evaluated as
poox. These evaluation results are shown in the "Copper

Containing Metal Residue Amount" column of Table 4.

Copper blanket wafers were polished in accordance w;th
the flrst polishing conditions using both polishing |
compositions directly after they had been prepared, and
polishing compositions that had been stored for some time
after preparation in an airtight vessel. The respective o
polishing rate was calculated from the wafer thickness béfore
and after ﬁolishing, whereby based on the comparison between
the two calculated polishing rates, the pot life for each
polishing composition was evaluated using the four grades of
excellent (@), good (0Q), acceptable (A), and poor {X). That
is, cases where the pqlishing rate achieved using a polishing
composition that had been stored for two weeks or more was

greater than 90% of the polishing rate achieved using a

‘Polishing composition directly after being prepared were
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evaluated as excellent; cases where the pollshlng rate
achieved using a polishing composition that had been stored
for at least one week, but less than 2 weeks, was les& than
90% of the polishing rate achieved using a polishing '

composition directly after being prepared were evaluated as

‘ good; cases where the polishing rate achieved using a
_polishing cémposition that had been stored for at least 3 days,

but less than 1 week, was less than 90% of the polishing rate

achieved using a polishing composition directly after being

“prepared were evaluated as acceptable; and cases where the

'.polishing rate achieved using a polishing composition that had

been stored for at less than 3 days,fwas less than 90% of the

.polishing rate achieved using a pelishing composition directly

after being prepared were evaluated as poor. These evaluation

results are shown in the "Pot Life™ column of Table 4.
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Table 4 (continued)
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In the "First Silicon Oxide" column and "Second Silicon

Oxide" column of Table 4:
€SO is a colloidal silica wherein the 25% particle

diameter D25 is 10 nm, the 50% particle diameter D50 is 20 nm,
and the 75% particle diameter D75 is 33 nm;

CS1 is a colloidal silica wherein the 25% particle
diameter D25 is 15 nm, the 50% ‘particle diameter D50 is 30 nm,
and the 75% particle diameter D75 is.50 nm;
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C32 is a colloidal silica wherein the 25% particle
diameter D25 is 20 nm, the 50% particle diameter D50 is 50 nm,
and the 75% particle diameter D75 is 72 nm; ;

' CS3 is a colloidal silica wherein the 25% particle

diameter D25 is 48 nm, the 50% particle diameter D50 is 70 nm,

~ and the 75% particle diameter D75 is 95 nm; and

CS4 is a colloidal silica wherein the 25% particle

diameter D25 is 120 nm, the 50% particle diameter D50 is 160

-nm and the 75% particle diameter D75 is 200 nm.
10

The 25%.particle diameter D25, 50% particle diameter. D50,
and 75% particle diameter D75 of the silicon dioxide were
based on particle size distribution as measured using an N4

Plus Submicron Particle Sizer manufactured by Beckman Coulter,

Inc. The total content of iron, nickel copper, chromium, zinc .

and calcium in a 20 mass% aqueous solution of colloidal silica

was not more than 20 ppb.

In the "Carboxylic Acid or Alpha-amino Acid" column of
Table 4, Ala denotes alanine.

In the "Corrosion Inhibitor" column of Table -4, G

denotes 1-(2,3-dihydroxypropyl}benzotriazole.

In the "Surfactant" column of Table 4:

A denotes palm oil fatty acid sarcosine triethanolamine;
and

D denotes polyoxyethylene lauryl ether sulfate
triethanolamine.

In the "oxidant™ column of Table 4, APS denotes ammonium

persulfate.

As shown in Table 4, it was learned that in Examples 301

-to 313, dishing depth is small and the occurrence of dishing.
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is suppressed. It was also learned that the capability.of the

" polishing composition according to Examples 301 to 313 to

pelish a copper containing metal is high. . ?

The polishing compositions of Examples 308 to 312,

- wherein the content ratio of the second silicon oxide to the
' first silicon oxide was more than 0.25 and less than 4, could

especially dramatically reduce dishing depth. On the other

hand, the polishing compositions of Comparative Examples 308 .
to 312 had a polishing rate of 500 nm/minute or less, wherein

the capability to polish a copper containing metal was low.

‘Further, in the Comparative Examples 309 to 315, the dishing

depth was a large 35 nm or more, whereby the occurrence of

dishing could not be suppressed.
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" CLAINMS:

¢

1. A polishing composition to be used in polishing for
forming wiring in a semiconductor device, the polishinb
coﬁposition characterized by:
' a surfactant;

a silicon oxide; .

at least one selected from the‘group consisting of
carboxylic acid and alpha-amino acid;

- & corrosion inhibitor;

an oxidant; and

water;

wherein said surfactant contains at least one selected
from the compounds, each_repfesented by any of general
formulas (1) to (7), and the salts the;eof,
H&_%_r?l__ﬂs,_xi " (1)

0 R

in general formula (1), R represents an alkyl group
having 8 to 16 carbon atoms, R? represents a hydrogen atom, a
methyl group, of an ethyl group, R? represents an alkylene
group having 1 to 8 carbon atoms, — (CH2CH20) 1—, - (CH,CH (CH3)}O)p~,
or a combination of at least two of those, 1 and m are
integers of 1 to 8 when R3represents ~{CHzCHz0) 1~ or -
(CH2CH (CH3)O)n~, the sum of 1 and m is 8 or less when_R3
represents the combination of ~(CHﬂHhO);— and — (CH>CH (CH3) Q) p—,

and x* represents a carboxy group or a sulfone group,
R:!__z_,_yi__xz v (2)
Ri—Z2-X2 :+-(3)

in general formulas (2) and (3), R® represents an alkyl
group having 8 to 16 carbon atoms, Z is a functional group
represented by chemical formula (i) or (ii), Y! represents -

{CH2CH0) -, —(CHQCH(CH3)0)p—, or the combination of ~ (CH2CH0) 4~

and —(CH2CH{CH3)0)p~, n and p are integers of 1‘to 6 when Y?!
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represents - (CH,CH,0),~ or —(CH2CH(CH3)O)p—, the sum of n, and ?
is 6 or less when Y' represents the combination of - (CH2CH,0) -

and -(CHCH(CH3)0)p—, and X? represents a phosphate gro#p or a
sulfone group, and

O~ v ()
~O-0— -+~ (ii)

—0-Y3*- (ﬁ CHz*CH C —~Y—0—-R®* - (4)

0 SOaH D

~0-Y*-C—CH—CH—C—0-F° -+ (§)
0 S0H O |

| n%—o—%—CHa—g:H—ﬁuva—-ow v (B)

0 S04 O

R5—D'—(|%—CH2—CIIH—%—O—-H5 =+ (7}
0 SOH O

in general formulas (4) to (7), each of R® and R®

fepresents a hydrogen atom, a hydroxy group, or an alkyl group

having 8 to 16 carbon atoms, each of Y? and Y® represents -
{CH2CH20) q—, - (CHCH (CH3)O) -, or the combination of -(CH2CH20)q—
and - (CHzCH(CH3)O);~, q and r are integers of 1 to 6 when Y2 or
Y? represents ~(CH2CHz0) g~ or - (CH,CH({CH3)0};~, and the sum of q
and r is an integer of 6 or less when Y or Y® represents the

combination of = (CHzCH20) g~ and — (CH2CH (CH3) O) y~.

2. The polishing composition according to claim 1,

. characterized in that said surfactant contains at least one

selected from the first group éonsisting of compounds, each

represented by any of general formulas (1) to (7)), and'the
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salts theréof, and at least one selected froﬁ the second group
consisting of compounds, each represented by any of general
formulas (8) and (9), and the salt thereof, ;
R—0-Y*-S0H - (8)

in general formula (8), R’ represents an alkyl group
having 8 to 16 carbon atoms, Y* represents — (CH3CH20) g—, -
(CHzCH (CH3)0) ¢~, or the combination of - (CHyCH;0).~ and -
(CHch(CH3)O)t-, s and t are integers of 2 to 30 when Y?
represents - (CH;CH;0).~ or - (CH,CH(CHs)0)(~, and the sum of s
and t is 30 or less when Y* represents the combination of -
(CH2CH20) s~ and - (CH,CH(CHz) 0) ¢—, and

Flls ;?10
HBOeY-"—(i:—CEC“(l]*—-YBi—DFl“ R te)
F%ii Fqia

in general formula (9), each of R® to R13.represents a
hydrogen atom or an alkyl group having 1 to 10 carbon atoms,

each of Y® and Y6 represents -~ (CHyCH30),~ or ~ (CH2CH (CH3) O} v~,

~and u and v are integers of 1 to 20.

3. The polishing composition according to claim 2,
characterized in that a mass ratio of the compound selected
from the first group contained in said surfactant to the
compound selected from the second group coﬁtained in said

surfactant is one first to ten firsts (1/1 to 1/10).

4, The polishing composition according to any one of clainms
1 to 3, characterized in that the content of the surfactant in

the polishing composition is 0.025 to 0.2 masss.

5. The polishing composition according to any one of claims
1 to 4, characterized in that said corrosion inhibitor is a

benzotriazole derivative represented by general formula:



10

15

20 .

25

80

@:NfN
N y
éid. | . :

where R represents an alkyl group having a carboxy dgroup, an

alkyl group having a hydroxy group and a tert-amino group, an

alkyl group having a hydroxy group, or an alkyl group other
than those.

6. A polishing composition to be used in polishing for

forming wiring in a semiconductor dev1ce, the pollshlng
composition characterized by:

alpha—-amino acid;

a benzotriazole derivative represented by.general
formula:

where RM represents an alkyl group having a carboxy dgroup, an .
alkyl group having a hydroxy group and a tert~amino group, an

alkyl group haVLng a hydroxy group, or an alkyl group other
than those;

a silicon oxide;
a surfactant;
an oxidant; and

water.

7. The polishing composition according to claim 6,
characterized in that said benzotriazole derivative is a

compound represented by any of general formulas (10} to (13),
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N
G 0N
'}' _
EliH—-Y’CDOH
COOH . (10)
QL >N
' +7 _Y'OH
\Y7OH o0 (1 1)
Ns
O, N
|
Y’*E{‘Hv—Y’OH
OH - (1 2)

Ny
S
. }7

YOH + o (13)

in general formulas (10) to (13), Y’ represents an

alkylene group.

8. The polishing composition according to claim 7,

characterized in that the content .of said benzotriazole
derivative in the polishing composition is 0.0005 to 0.01
mass¥ when the benzotriazole derivative is the compound
represented by general formula (10),

the content of said benzotria;dle derivative in the
pelishing composition is 0.00005 to 0.005 mass% when the
benzotriazole derivative is the compound represented by
general formula (11), and

the content of said benzotriazole derivative in the

polishing composition.is 0.001 to 0.1 mass% when the

‘benzotriazole derivative is the .compound represented by
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general formula (12) or (13).

9. The polishing composition according to any one OE claims

6 to 8, characterized in that said alpha-amino acid is alanine.

10. The polishing composition according to any one of claims
6 to 9, characterized in that the content of alpha~amino acid

in the polishing composition is 0.01 to 2 mass%.

11. A polishing composition to be used in polishing for
forming w1r1ng in a semiconductor device, the pollshlng
composition characterized by:

a silicon oxide;

at least one selected from the group consisting of

carboxylic acid and alpha-amino acid;

a corrosion inhibitor;

a surfactant;

a persulfate; and

water;

wherein the polishing composition further comprises an

aluminum ion, and the pH of the polishing composition is not

" less than 7 and less than 12.

12. The polishing composition acéording to claim 11,

characterized in that the pH of the polishing composition is

- 8.5 to 11.

13. The polishing composition according to claim 12,
characterized in that the pH of the polishing composition is 9
to 11,

14. The polishing composition according to.any one of claims
11 to 13, characterized in that the content of the persulfate
is 0.5 to 10 mass%. '
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15. The polishing composition according to any one of.claims
11 to 14, characterized in that said persulfate is an ammonium

persulfate. .

l6. A polishing composition to be used in polishing for
forming wiring in a semiconductor device, the polishing
composition characterized by:

a first silicon oxide having a 50-percent particle
diameter D50 of 60 to 150 nm, which is measured by laser
diffraction scattering;

. a second silicon oxide having a 50-percent particle
diameter D50 of 10 to 50 hm, which is measured by laser
diffraction scattering;

at least one selected fram the group consisting of
carboxylic acid and alpha-amino acid;

a corrosion inhibitor;

a surfactant;

an oxidant; and

water.

17. The polishing composition according to claim ie,
characterized in that a difference between a 75-percent
particle diameter D75 of the first silicon oxide and a 25—

percent particle diameter D25 of the first silicon oxide,

~which are measured by laser diffraction scattering, is 10 to

50 nm.

18. The polishing composition according to claim 16 or i7,
characterized in that a difference between a 75~percent
particle diameter D75 of the second silicon oxide and a 25—
percent particle diameter D25 of the second silicon oxide;
which &re measured by laser diffraction scattering, is 10 to
50 nm.

'19. The polishing composition according to any one of claims
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16 to 18, characterized in that the totaliyof the content of
the first silicon oxide and the content of the second 31llcon

oxide, in the polishing composition, is 0.01 to 10 mass%.

20. The polishing composition according to any one of claims
16 to 19, characterized in that said corrosion inhibitor is a

benzotriazole derivative represented by general formula:
(:]:N*}

N’N

L
where R represents an alkyl group having a carboxy group, an
alkyl group having a hydroxy group and a tert-amino group, an

alkyl group hav1ng a hydroxy group, o©or an alkyl group other
than those.



