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POLISHING COMPOSITION AND POLISHING METHOD

BACKGROUND OF THE INVENTION
The present invention relates to a polishing composition

used, for. example, in polishing for forming conductor wiring

3for alsemlconductor{dev1ce, and to a polishing method using

‘such a pol;shlng composition.

' Currently, a damascene process wherein a chemical
mechanical polishing (CMP) technology is used has become the'
main method for forming conductor wiring for a semiconducter .
device. When the conductor wiring is formed, first of all, a
trench is formed on an insulator layer provided on a
semiconductor substrate, and then a barrier layer comprising
titanium or titanium nitride is formed on the insulator layer.
Subsequently, a conductor layer is formed on the barrier layer
such that at least the trench is filled with the conductor
layer, and then a pertion of the conductor layer and a portion

of . the barrier layer, each of which is positioned outside the

-tréncH are removed by chemical mechanical polishing, whereby

a portlon of the conductor layer, which is left on the

1nsulator layer, p031tloned inside the trench functions as the

conductor .Wiring.

Japanese National Phase Laid-Open Patent Publication No.
2000-501771, Japanese Laid-Open Patent Publication Nos. 10-
67986, 10-265766 and 11-116948 disclose a conventional
polishing composition used in polishing for removing a portion
of a conductor layer and a portion of a barrier layer, each of
which is positioned outside a trench. However, conventional
polishing. comp031tlons do not have the ablllty to polish a
barrier layer comprr51ng titanium at a hlgh stock removal rate.
Furthermore, convenblonal polishing comp051tlons have the

,pr?blem of reductlon in safety due to the addition of fluoride
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and the p;oblem of metalllc contamlnatlon of the semiconductor
dev1ce due to the addltlon of a metallic catalyst.
IR
i |The polishing'for removing the portion of the conductor
layer and the portlon of the barrier layer, each of which is
pOSltlone? outside the trench, may be carried out with two or
more types of polishing compositions. More specifically,
polishing compositions different from each other may be used
in the steps of: removing a part of the portion of the
conductor layer positioned outside the trench in order to
exXpose the upper surface of the barrier layer, and removing
the residuyal of the portion of the conductor layer positioned
outside the trench and the portion of the barrier layer
positioned outside the trench in order to expose the upper
surface of an:insul#tor layer. However, the above method
rec ulres a lot of wdrk to prov1de the two or more types of
1sﬁ1ng comlosltlons, and a lot of work to replace the
'poilshlnglcomj
deereased,

051tlons, whereby working efficiency is

SUMMARY' OF THE INVENTION

Accerdingiy, an object of the present invention is to
provide a polishing eomposition having the ability to polish a
titanium material at a high stock removal rate, and to provide

a polishing method using such a polishing composition.

To échleve thq fore901ng and other objectlves and in’
accordanc w1th|the'purpose of the presen% invention, a

pollshlngccomp051tlon is provided. The polishing composition,

: fo! use in an ; appllqatlon for pollshlng a titanium~containing

object 1ncludes more than 0.1% by mass of colloidal silica,

and waterg and has a pH of 6 or less.

The present invention also provides a polishing method.
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The method includes preparing the above polishing composition
and polishing a titanium-containing object, by using the

prepared polishing composition.

Other aspects and advantages of the invention will
become apparent from the following description, taken in
conjunction with the accompanying drawings, i1llustrating 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 drawings in which:

Each of Figs. 1 and 2 is a cross-sectional view for
illustrating a polishing method according to one embodiment of

the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

One embodiment of the present invention will now be
described with reference to Figs. 1 and 2.

i First of all, a method for forming conductor wiring 15
(see Fig. 2) on a semiconductor device will be described.
Whén the conductor wi:ing 15 of a semiconductor device is
formed, as shown in Fig. 1, first a barrier layer 13 and a
conductor layer 14 are formed on an insulator layer 11 having
a trench 12. The insulator layer 11 may be any one of a Si02
film such as a TEOS film, a BSG film, a PSG film, and a BPSG
film; a SiOF film; and a Si0C film. The trench 12 is formed,
for example, according to a lithography technology and a
pattern etching technology, which are publicly known, such

that a predetermined design pattern can be provided.
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The barrier layer 13 is formed on the insulator layer 11
such that the surfage of the insulator layer 11 is covered

with the barrier layer 13, prior to forming the conductor

_layer'14 : The barrier layer 13 is formed, for example,

oo .
-accordlng to a PVD method or a CVD method. The barrier layer

13 is formed from a titanium compound such as titanium nitride,

'tltanlum, or a tltanlum alloy. The barrier layer 13 may be,

for example, a single-layer structure comprising a titanium
layer or a titanium nitride layer, or a two-layer structurelﬂ
comprising a titanium layer and a titanium nitride layer, or a
three-layer structure comprising two titanium layers and a
titanium nitride layer interposed between the two titanium
layers. The thickness of the barrier layer 13 is preferably

sufficiently thin as compared to the depth of the trench 12.

The conductor?layer 14 is formed on the barrier layer 13
such that'at least the trench 12 is filled with the conductor

layer 14. The conductor layer 14 is formed, for example,

_chording?to a PVD method, a CVD method, or a metalizing

pléting méthod. The conductor layer 14 is formed from a
conductlve metal such as tungsten, copper, aluminum, ruthenlum,
platinum, gold, hafnium, cobalt, and nickel. The conductor
layer 14 is preferably formed from tungsten, copper or
aluminum, since such a metal is high in electrical

conductivity.

Subsequently, a portion of the conductor layer 14 and a
portion of the barrier layer 13, each of which 1s positioned
outside the trench 12, are removed by chemical mechanical
polishing. Consequently, as shown in Fig. 2, the other
portion of the barrier layer 13 and the other portion of the
co#ductorflayer'14,_each of which is positioned inside the
trénch 12: are left on the 1nsulator ‘layer 11. The portion of

the conductor layer 14 positioned inside the trench 12

- 4 ~
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functions as the conductor wiring 15. The portion of the
barrier leyer 13 positioned inside the trench 12 serves to
prevent the dlfoSlQH of metal atoms in the conductor wiring

15 into the 1nsulator layer 11.

The chewlcal nmechanical polishing for removing the
the barrier layer 13 and the portion of the

conductor layer 14 each of which is positioned outside the

'| trench 12} is| carrled out at the first to third polishing
10

steps In the first polishing step, a part of the portion of
the conductor layer 14 positioned outside the trench 12 is
removed by chemical mechanical polishing. The polishing in
the first polishing step is completed before the barrier layer
13 is exposed. 1In the subsequent second polishing step,
another part of the portion of the conductor layer 14
positioned outside the trench 12 is removed by chemical
mechanlcal pollshlng such that the upper surface of the
barrier layer:13 1slexposed In the subsequent third
pollshlng step, "the 'residual part of the portion of the
rICOndudtor]layer 14 §051t10ned outside the trench 12, and the
‘portion of the barrler layer 13 positioned outside the trench

12|are removed by chemlcal mechanical polishing such that the

' up er|surface of the 1nsulator layer 11 is exposed

A polishing composition according to the present
embodiment can be used in any of the first to third steps.
Particularly in the third step, the polishing composition is
preferably used. The polishing composition includes colloidal

silica, an oxidizing agent, and water.

Colloidal'silﬂca in the polishing cbmposition has an

actlon for mechanlcally pollshlng an ob]ect, in particular, an

_ actloq for rapldly QOllshlng a titanium material. Colloidal

'si 1ca synthe51zed by a sol-gel process includes impurity
elements ln a,very small amount and thus colloidal silica to
i | | : !
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s111ca acq ordlng to a sol-gel process comprises dripping

be cerjtained n the pollshlng composition is preferably
%the81z d by a sol gel process. The synthesis of colloidal

methyl srllcate into a solvent comprising methanol, ammonia

and waterlso as to hydrolyze the methyl silicate. When it is
not strlctly necessary to consider contamination by impurity
elements, colloidal silica to be contained in the polishing
composition may be synthesized by an ion-exchange method.

When colloidal silica is synthesized by an ion-exchange method,

sodium silicate is used as a starting material.

From the viewpoint of enhancing the ability of the
polishing|composition to polish a titanium material, the
_average pérticlé siie of colloidal silica is preferably 1 nm

r|more, and more o) eferably S nm or more. On the other hand,

@;»l

i o E he 1ew301nt of suppressing the occurrence of a

phenomeno referred to as Verosion” by which the level of the
upper surface of an area in which a trench 12 is thickly
formed is- lowered the average particle size of colloidal
silica is preferably 25 nm or less, and more preferably 20 nm
or less. ‘It is because the ability of the polishing
composition to polish the insulator layer 11 is moderately
decreased that the occurrence of erosion is suppressed.when
the averaée particle size of colloidal silica is 25 nm or less,
or 20 nm or less. The average particle size of colloidal
silica ca? be deterqlned by a specific surface area of the
collordal‘51llca, as measured by a BET method, and a particle
den31ty of the c01101dal silica.

RN I

I.‘

| It is necessary that the content of colloidal silica in

'the pollsﬂlnglcomp031tlon be more than 0.1% by mass in order
that the éollshlng composition can have the ability to polish
a titanium material at a hlgh stock removal rate. From the
viewpoint of enhancing the ability of the polishing

composition to polish a titanium material, the content of

6 -
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colloidal?silica in the polishing composition is preferably
0.2% by mass or more, more preferably 0.25% by mass or more,
and most preferably 0.35% by mass or more. On the other hand,
from the viewpoint of enhancing the dispersion stability of
the pOllShlng composition and suppre351ng the aggregation of
colloidal silica, the content of 001101dal silica in the
pollshlng composrtlon is preferably 1.0% by mass or less, more
preferably 0. 75% by|mass or less, and most preferably 0.65% by

‘mass or less : ;

!hf L 'The'ox1élzlnglagent in the polishing composition has the

action of oxrdlzlng the conductive metal so as to promote the

'{mechaﬂlcal pollshlng of a conductive metal by using colloidal

srllca, Since periodic acid includes no impurity metal, an

oxidizing agent to be contained in the polishing composition

~ is preferably periodic acid. The periodic acid has the action

of strongly promoting the mechanical polishing of a tungsten,
ruthenium} platinum, and hafnium material. The periodic acid
may be an& one of orthoperiodic acid (HsIOg¢) , metaperiodic
acid (HIO@), di-mesdperiodic'acid (H4Iﬁb)} mesoperiodic acid
(H3105), Jnd dl-orth periodic acid (HaIﬂhj) Preferably, the
perlodlc acrd is orthoperlodlc acid, becguse it is stable in
comp031tlon, and ea51ly available.

o i

Froﬁ the viewpoint of enhancing the ability of the

:;pollshlng‘comp031tlon to polish a conductive metal, the

'cohtent of an ox1d1z1ng agent in the polishing composition is

preferably 0.5% by mass or more, and more preferably 1.0% by
mass or mbre. On the other hand, from the viewpoint of
suppressiﬁg the occurrence of erosion, the content of an
oxidizing agent in the polishing composition is preferably
3.0% by mass or less, and more preferably 2.0% by mass or less.
It is because the ability of the polishing composition to
pollsh the conductor layer 14 and the 1nsulator layer 11 is

moderately decreased that the occurrence of erosion is

| i P ! - -
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when. the[content of the ox1d1z1ng agent is 3.0% by

ss, or 2. 0g by mass or less.

2T iﬁ the 401ishing composition ‘acts as a medium for

or5dissoiving components in the polishing
except water Water to be included in the
comp031tlon should include minimal impurities, and

preferably pure water, extra pure water, or

diétillediwater.

The polishing composition of the present embodiment is

with water.

type stirT
15 '

prepared by mixing 001101dal silica and an oxidizing agent

The mixing may be carried out by using a wing-

ing machine or an ultrasonic dispersion-mixer.

¢
i

i

To the pollshlng composition of the! present embodlment

fumedlox1¢e partlclds may be added.

When: the fumed oxide-

B pattlcles’are added'to the polishing composition, the ability
g % the pollshlng comp051t10n to polish a conductive metal is

20 enhanced.j The fumed oxide-particles have the action of

ﬁechaﬁically polishing an object, in particular, the action of

rapidly pelishing a ‘conductive metal.

The fumed oxide-particles can be synthesized by vapor- .
The fumed

oxide-particles include an 1mpur1ty metal merely in a

'25- phase hydroly51s of chloride in oxyhydrogen flame.

relatively small amount, and have a chaln structure wherein

several te dozens oﬁ the particles are three -dimensionally

:

aggregated. :
: {

| |

fumédémetil oxide-particle to be added to the

|
]

i The
- | ‘
wPo 1sh1ng qn may be any of fumed silica, fumed

fumed titania,

P,
C0m90§ltl

algmlna,

and fumed zirconia. Among them, fumed

silica and fumed alumina are particularly high in the ability
In-particular,

;etogpolish fumed silica is

a conductive metal.

8
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!excelientnln stabllity when it coexists with colloidal silica.

¥ Thereforei the fumed oxide-particles to be added to the
. I

10

pollshlng.comp051tlon are preferably fumed silica or fumed

“alumlna, and more preferably fumed silica.

'.Froh the viewpoint of enhancing the ability of the
polishing;composition to polish a conductive metal, the
average partlcle size of the fumed oxide-particles to be added
to the pollshlng CompOSltlon is preferably 15 nm or more, and
more preferably 21 nm or more. On the other hand, from the
v1ewp01nt of suppre sing the occurrence of erosion, the _

_averade ert1¢lé size of the fumed oxide-“particles to be added'
=t0uthe pollshlng coﬁpOSLtlon is preferably 45 nm or less, and
illhote' reftrab yW39 im or less. It is because the ability of .

'v

th pOllS ing: compo ition to polish the insulator layer 11 is

fmoderately decreased that the occurrence of erosion is

N ;suppressed when the - average partlcle size of the fumed oxide-

©20

25

30|

- 35

partlcles to be added to the polishing composition is 45 nm or
less, or 39 nm or less. The average particle size of the
fumed oxide-particles can be determined by a specific surface
area of the colloidal silica, as measured by a BET method, and
a particle density of the colloidal silica in a manner similar
to the case of the average particle size of colloidal silica.
From the v1ew501nt of enhancing the ability of the
pollsﬂlng|comp031thn to polish a conductive metal, the
nconteqt o# fumed oxide- -particles in the pollshlng composition
: to whlch the fumed qx1de particles are added is preferably

i t
;Q by mass dr mord, more preferably 2.5% by mass or more, .

‘and mast referably 3.5% by mass or more. On the other hand,
from the V1ewp01nts of enhanc1ng the dispersion stability of
the pollshlng composition and suppressing the aggregation of
the fumed oxide-particles, the content of the fumed oxide-
particles:in the polishing composition to which the fumed

oxideéparticles are added is preferably 10% by mass or less,

- 9 -
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more preferably 7.5% by mass or less, and most preferably 6,5%

by mass or less.

Whee the fumed oxide-particles are added to the
polishing?composition, the ratio of weight of the fumed oxide-
particles in the polishing composition to the .total weight of:
the colloidal silica and the fumed oxide~particles in the
pollshlng comp051t10n is preferably in the range of 77 to 97%
and more referably ‘84 to 95%. When the ratlo is set in the

;e, both tﬂe ability of the pollshlng composition to

@poilsh a tltanlum material and the ability of the polishing

'compOSLtlon to pollsh a conductive metal are particularly

?remarkably enhanced

. To the polishing composition of the present embodiment, -
a polishiﬁg aid that serves to promote the action of the
oxidizingéagent may be added. The polishing aid to be added
to the poiishing composition is preferably a metal salt having
oxidative power, or ammonium nitrate. Ammonium nitrate has
the advantage of haﬁing moderate oxidative power and including
no impuriﬁy metéls.?

! . t

» Troﬁ the ﬁleprLnt of strongly prombting the action of
the ox1d1i1ng agentI the content of the polishing aid in the

.pollshlng Comp0$lt10n to which the polishing aid is added is

'p& ferabl 0. 25% by hass or more, and more preferably 0.35% by

maes or mére. On the other hand, from the viewpoint of
inhibiting corrosion by the polishing composition, of an

object to 'be polished, the content of the polishing aid in the
: |

_polishing:composition to which the polishing aid is added is

preferabl§ 1.25% by mass or less, more preferably 0.75% by

mass or less, and most preferably 0.65% by mass or less.

. It is absolutely necessary that the pH of the polishing

compositicn of the present embodiment be 6 or less in order

. ; - 10 -
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that the polishing composition can have the ability to polish
a titanium material at a high stock removal rate. From the
viewpointlof enhancing the dispersion stability of the
polishinglcomposition and .suppressing the aggregation of

5 colloidal silica, the pH of the polishing composition is
preferably 4.5 or less, and more preferably 3.0 or less. On
the other hand, from the viewpoint of suppressing the
occurrence of erosion, enhancing ease in handle the polishing
composition, and preventing equipment used at the time of

10 pollshlng from corr081on, the pH of the pollshlng composition

is. preferably 1.1 or more, and more preferably 2.0 or more.

P

T: ! ' In erer to a&just the pH of the polishing composition

to a desirable value, a pH adjuster may be added to the

155 pollshlng composition of the present embodiment. As the pH
adjuster to be added to the polishing composition, a basic
compound containing no metallic impurities is preferred, and
specifically ammonia, an ammonium salt, amine, a guaternary
ammonium salt, or quaternary ammonium hydroxide can be

20  enumerated. BAmong them, in particular, quaternary ammonium

hydroxide such as tetramethylammonium hydroxide is preferred

because of its ease. in handling.

To the polishing composition of the present embodiment,
25! -a oorrosion iﬁhibitor may be added. When' the corrosion
%inbibitor’was=added*to the polishing composition, corrosion of

E'the'a cdndu¢tor=layerfl4 by the polishing composition is

1nh1b1tedL As the corr051on inhibitor to be added to the
pollshlng composition, benzotriazole or its derivatives are
30 preferred Benzotriazole and its derivatives have the
advantage of showing a strong anticorrosive action even in a

small amount, as well as containing no metal element

impurities.

35 From the viewpoint of strongly inhibiting corrosion of
| : _ .
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the conduttor layer‘14 by the polishing comp051tlon, the

content of the corros1on inhibitor in the polishing

_;qomppeltl?n te whlch the corrosion inhibitor is added 1is

preferably 0.001% by mass or more, and more preferably 0.003%
by:maes or more. On the other hand, from the viewpoint of
suppressihg reductien in the ability of the polishing
composition to polish a conductive metal, the content of the
corrosion inhibitor in the polishing composition to which the
corrosion inhibitor is added is preferably 0.2% by mass or

less, and more preferably 0.12% by mass or less.

To the polishing composition of the present embodiment,

a surface active agent may be added. When the surface active

agent was:added to the polishing composition, the occurrence
of a phenomenon referred to as “dishing” is suppressed,

i wh reln the levél of the top surface of the conductor wiring

15 is lowered As the surface active agent to be added to the
.po}ishing!comPOSitidn, an-anionic surface-active agent or a
nonionic surface-active agent 1s preferred. Specifically, the
anionic surface-active agents include a carboxylate such as
soap, a N-acylamino acid salt, polyoxyethylene alkyl ether
carboxylate, polyoxyprOpylene alkyl ether carboxylate, and an
acylated peptide; a sulfonate such as alkyl sulfonate,
alkylbenzene sulfonate, alkylnaphthalene sulfonate,
naphthalene sulfonate, sulfosuccinate, o-olefin sulfonate, and
N-acyl sulfonate; a;sulfuric ester such as sulfated oil, alkyl
sulfate, alkyl ether sulfate, polyoxyethylene alkylallyl ether
sulfate, polyoxypropylene alkylallyl ether sulfate, and
alkylamld suifate, ‘and a phosphoric ester such as alkyl
phosphate, polyoxyethylene alkylallyl ether phosphate, and
po%yoxyprépylene alkylallyl ether phosphate Specifically,
the nonlohlc surface~active agents include an ether type such
as polyoxyethylene alkylphenyl ether, alkyl phenyl ether,
alkylallyl formaldehyde-condensed polyoxyethylene ether,
polyoxyethylene-polyoxypropylene block polymer, and

-~ 12 -
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polyoxyethylene—polyoxypropylene alkyl ether; an ether-ester
type such as polyoxyethylene ether of glycerin ester,
polyoxyethylene ether of sorbitan ester, and polyoxyethylene
ether of sorbitol ester; and an ester type such as
poly(ethylene glycol) fatty acid ester, glycerin ester,
polyglycerin ester, sorbitan ester, propylene glycol ester,
sucrose ester, methcxy acetate, ethoxy acetate, 3- -ethoxy -
proplonate, and alanlne ethyl ester. The nonionic surface-
actlve agents may be an ether such as poly(ethylene glycol),
ipl:o%y(pfroptlen«r glycol), poly(tetramethylene glycol),

ene glycol) alkyl ether, poly(ethylene glycol)

O%Y(ethy
altenyl e her, alkyl poly(ethylene glycol), alkyl
‘PO

alkenyl ether, alkenyl poly(ethylene glycol), alkenyl

y(ethylene glycol) alkyl ether, alkyl poly(ethylene glycol)

poly(ethylene glycol) alkyl ether, alkenyl poly(ethylene
glycol) alkenyl ether, poly(propylene glycol) alkyl ether,
poly(propylene glycol) alkenyl ether, alkyl poly(propylene .
glycol), alkyl poly(propylene glycol) alkyl ether, alkyl
poly(propylene glycol) alkenyl ether, alkenyl poly(propylene
glycol), alkenyl poly(propylene glycol) alkyl ether, and
alkenyl pbly(prOpyléne glycol) alkenyl ether; a polycarboxylic
acid or a'salt thereof such as poly(aspartic acid),
poly(qlut?mlc ac1d)A polylysine, poly(malic acid),
poly(methacryllc ac1d), poly (ammonium methacrylate),

‘%o y(sodlzm methacrylate), polyamide acid, poly(maleic acid),
po y(1tac nlc'ac1d), poly(fumaric acid), poly (p-styrene
carboxyllc acid), poly(acrylic acid), polyacrylamide, amino-
golyacrylemlde, poly (ammonium acrylate), poly(sodium acrylate),
poly(amide acid), a poly(amide acid) ammonium salt, a
poly(amide acid) sodium salt, and polyglyoxylic acid; a vinyl
polymer such as poly(vinyltalcohol), poly(vinylpyrrclidone),
and polyacrolein; or sulfonic acid or a salt thereof, such as
ammonium methyl taurate, sodium methyl taurate, sodium methyl
sulfate, ammonlum ethyl sulfate, ammonlum butyl sulfate,

sodlum v1nyl sulfonite, sodium l-~allyl sulfonate, sodium 2~
l : {

- 13 -



allyl sulfonate, sodium methoxymethyl sulfonate, ammonium
ethoxymethyl sulfonate, sodium 3-ethoxypropyl sulfonate, and
sodium sulfosuccinate. Among them, polycarboxylic acid and an
ammonium salt thereof are preferred, because of their strong

5 action foF suppressing the occurrence of :dishing.
; ! -

_ ‘To the pollshlng composition of the present embodiment,
an ordani solvent may be added. The organlc solvent acts as
‘ ;,q ‘edﬁum or ?1sper$1ng or dissolving a component (s) in the
10 Igo 1s%1ng com9031tlon, in particular a component(s) which ;s
low ln water SOlhblllty and water dispersibility. As the
:organ;c solvents to . be added to the polishing composition, for
example, alcohols such as methanol and 1sopropanol, glycols
such as ethylene glycol, and propylene glycol can be
i 15 enumerated. The content of the organic solvent in the
poiishing.composition to which the organic solvent is added is
preferably 0.5% by mass or less.

In the pollshlng compOSLtlon of the present embodiment,
20 the conceotratlon (mass fraction) of each of elements
i belonglng'to the group 2 to the group 12 of the periodic table,
| IanI ayuml um,igelll%m, indium, thallium, tln, lead, and
l

"

muﬂh {amon them in partlcular, the concentratlon (maes

fractlon) of each of copper, iron, nickel, chromium, and
maAganese) is preferably 100 ppb or less, and more preferably
50 ppb or less. The notation of the group numbers above is ‘
based upon IUPAC nomenclature for inorganic chemicals (revised.
edition) k1989). The above concentration can be determined,
for exampie, by using an ihductively coupled plasma mass

30  spectrometer (ICP-MS), an inductively coupled plasma atomic
emission Spectrometer (ICPQAES), an atomic absorption
spectrometer, or a total reflection X- ray fluorescence
analyzer (TXRF) |

|

.. 35 . When the polishing composition of the present embodiment

- 14 -



élrs us%d for cLehlcally and mechanically pelishing the portlon

of the cohductor layer 14 and the portion of the barrier layer

_lB; each pf which is positioned outside a trench 12 (see Fig.
l), for removal of the portions, the surface of the conductox

5 layer 14 ls oxidized by the action of the oxidizing agent,
ﬁhereby the surface of the conductor layer 14 is embrittled,
and the embrittled surface of the conductor layer 14 is
polished.énd removed by the action of colloidal silica. Thus
the polisﬁing composition of the present embodiment has the

ld ablllty to polish the conductor layer 14 at a high stock
removal rate.' Whenlthe conductor layer 14 is formed from
tungsten, tungsten on the surface portlon of the conductor
la ert14 ts oxldlze4 into tungsten tr10x1de, whereby the

su face o the conductor layer 14 is embrittled. Furthermore,

215: th polls$1nglcomp051tlon of the present .embodiment includes

i.:more thango.l% by mass of colloidal silica which has the
action of}rapidly polishing titanium material. Thus, when the
batrier leyer'13 is formed from titanium, the polishing' '

composition of the present embodiment has also the ability to

;20' polish the barrier layer 13 at a high stock removal rate.

Thus the polishing composition of the present embodiment
has the ablllty to pollsh both of the barrier layer 13 and the
conductor ‘layer 14 at a- high stock removal rate. Therefore,

25 the pollshlng for remOV1ng the portion of the conductor layer
14 and the portlon $f the barrier layer 13 each of which is
p031trone out51de ﬂhe trench 12, may be carrled out by us1ng
hly the i

-W1thout uelng two or more types of polishing compositions.

olléhlng composmtlon of the present embodiment

30 lWhen Hhe iOllShlng ﬁor removing the portlon of the conductor

'Iayer ‘14 and the portlon of the barrier layer 13 each of
which is positioned outside the trench 12, was carried out by
using only the pOllShlng composition of the present embodlment
worklng eff1c1ency will be enhanced, because a lot of work to

35 provide the two or more types of polishing compositions or a

!
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lot of work to replace the polishing composrtlons is not
.requlred

The present invention may be embodied in the following
forms. :

Theipolishingacomposition of the above embodiment may be

“used in appllcatlons for polishing an object formed from

tltanlum,|such as a tltanlum target material for spattering, a

=t1tanrum ﬁaterlal fdr vapor deposition, or a titanium dummy

-lwa er|foria semlconductor When the object to be polished is

giﬁo me# from trtanlum a polishing composition in accordance

w1th the embodlment may not necessarily include an oxidizing
agent.
L |

The polishing composition may be prepared by diluting an
undiluted;polishing composition. This case is advantageous, .
because tne polishing composition can be preserved and
transported in the form of the undiluted polishing composition

with less;volume than the polishing composition.

The pollshlng|compos1tlon may be prepared by mixing an
ox1d1%1ng agent w1th other components of %he polishing
comp031t1¢n than the OdelZlng agent immediately before using
the pOllShlng comp051t10n In this case, decomposition of the
bxldlzlng|agent durlng preservation will be inhibited.

‘ To lhe pollshlng composition, an aqueous polymer, a

chelatlng agent, an antiseptic agent and the like may be added.

Hereinafter, examples and comparative examples of the

present invention will be described.

Bach of fumed oxide-particles, colloidal silica,

orthoperiédic acid (oxidizing agent), tetramethylammonium

~ 16 -
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hydroxide (pH adjuster), ammonium nitrate (polishing aid),
poly(acrylic acid) (surface active agent), and benzotriazole

(corrosion inhibitor) were added to water according to need so

.as tolprepare pollshlng compositions according to Examples 1
v
rbo! 32 andIComparatLVe Examples 1 to 5. Particulars about the

.components of each of the polishing compositions, and the pH

ofleach of the polishing compositicns are as shown in Table 1.

Under the following polishing conditions, each of a
tungsten blanket-wafer, a titanium blanket-wafer, a titanium
nitride blanket-wafer, and a silicon oxide (TEOS) blanket-

wafer was polished by using each of the polishing compositions.

The thickness of each of the blanket wafers before and after

polishing was determined by means of a sheet-resistance
measuring. apparatus ("VR-120" manufactured by Kokusai Electric
System Service €o., iLtd. Then the stock removal rate of each

ofithe polishin@ coﬁpositions to each of the wafers was

'-determlned by leldlng the thickness diminution, which is the

;dlffenence in: thlckness between the wafer before polishing anad

the wafer after pollshlng, by polishing time. The results are
shown in the column entitled “Stock removal rate Ffor Tungsten”,
the column entitled “Stock removal rate for Titanium”, the
column entitled “Stock removal rate for Titanium Nitride”, aﬁd
the column entitled “Stock removal rate for TEOS” of Table 2.
Furthermore, the ratio of a stock removal rate for tungsten to
a stock removal rate for titanium is shown in the column
entitled “Tungsten/Titanium” of Table 2; the ratio of a stock
removal rate for tungsten to a stock removal rate for titanium
nitride is shown in .the column entitled “Tungsten/Titanium
Nitride” thereof and the ratio of a stock removal rate for
tungsten to a ‘stock removal rate for TEOS is shown in the
co%umn entltled “Tungsten/TEOS” thereof,

o

: <Polishing Conditions>
Polishing Machine: Single-~sided CMP Polishing

- 17 =-
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Machine “"Mirra” of Applied Materials Inc.
'Polishing Pad: Polyurethane Laminated
Polishing Pad “IC-1400 k-groove” of Rodel Inc.
Polishing Pressure: 28 kPa (= approximately 4 psi)
Revolution Speed of Surface Table: 123 revolutions/min.
Feed Speed of Polishing Composition: 125 ml/min.
. Revolution Speed of Carrier: 121 revolutions/min.

Polishing Time: One minute

Table '1
| o — —_ — —_ —_ _
| %.E,E - 8 8lw.88 E & 8 o5 § =88 .s_§ 5
Q‘:“"acn""c“*EEcaugc’“_ggn‘ SE &
$£8E =238 288 §555 ERE|25E|8E| o
e OoO|BYO R »e 53 258 E"-*u o8 o o
5 g-g 12 &§?; §.3<@ ngLBJm g8 e -§/3‘§ 8 & ap
BES | TEL|SEZ|E EL EL(REZ| EZ
_ﬁ* o A, a, |= & o =% a,
Ex.1 0.5 0.5 1.5 0.5 0.5 0.25 - 2.8
Ex.2 2.5 " 05" 1.5 0.5 0.5 0.25 - 2.8
Ex.3 57 0.5% 1.5 0.5 0.5 0.25 - 2.8
Ex.4 7.5 057 1.5 0.5 0.5 0.25 - 2.8
Ex.5 10" 05" 1.5 0.5 0.5 0.25 - 2.8
Ex.6 5°! 0257 1.5 0.5 0.5 0.25 - 2.8
Ex.7 5° 0.75 " 1.5 0.5 0.5 0.25 - 2.8
Ex.8 .57 107 1.5 0.5 0.5 0.25 - 2.8
Ex.9 2" 087 1.5 0.5 0.5 0.25 - 2.8
| |Ex.10 47 ].067 1.5 0.5 0.5 0.25 - 2.8
| {Ex.1 6" [ 047 1.5 0.5 0.5 0.25 - 2.8
Ex.12 g " 027 1.5 0.5 0.5 0.25 - 2.8
IEx13 | 57 | 057 1.5 0.5 0.5 0.25 - 2.8
[Ex14 ] 5™ o5 15 0.5 0.5 0.25 - 2.8
Ex.15 5/ 0.5° 1.5 0.5 0.5 0.25 - 2.8
Ex16 | 57 | 057 1.5 05 0.5 0.25 - 2.8
Ex.17 5:1 057 0.5 0.5 0.5 0.25 - 4.5
Ex.18 501 0.5 1.0 0.5 0.5 0.25 - 3.5
Ex.19 5" 05" 2.0 0.5 0.5 0.25 - 2.2
Ex.20 5" 0.5 3.0 0.5 0.5 0.25 - 2.0
Ex.2] 5" 0.5" 1.5 0.5 - 0.25 - 2.8
Ex.22 5" 057 1.5 0.5 0.25 0.25 - 2.8
Ex.23 5°1 05" 1.5 0.5 0.75 0.25 - 2.8
Ex.24 5.1 055 1.5 0.5 1.0 0.25 - 2.8
Ex.25 5™ 0.5 1.5 0.5 1.25 0.25 - 2.8
Ex.26 5™ 05" 1.5 0.5 0.5 - - 2.8
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Table 1 (continued)
7 = ~ —|e — —t — — .
Led £8|wef|3 55 2c8§| 5§ = 8
Sl | s 08 | oL 8 o0& Fof| 8ol ‘o B
| &8E|z8E5 | B8 |E%8E 68 |25E| 288 =
-_—518;'&‘00 CTR8|segglEEg | el EES
R B =2 IR 550 ;"-"5‘3""{:‘00 5869 5o =9
| cawl 8w mn‘bo-g%n.%n G | & Ao Emw
| BBE|3%E | S8E|E g EgE | Zas | Byt
bl Elgz’ iq?é.a géa g EB EER|BEm g9
o LR~ s — A —a A [Raalie =
Ll IET R g 2. & 8| g1 —& 2
S : :
Y| I . l !
Exi27 57 1057 1.5 0.5 0.5 - 0.003 2.8
Ex.28 57 | 05" 1.5 - 0.5 0.25 - 1.1
Ex:29 51 05" 1.5 0.25 0.5 0.25 - 1.5
Exi30 57 1 057 1.5 0.75 0.5 0.25 - 4.5,
Ex.31 - 05" 1.5 0.5 0.5 0.5 - 2.8
Ex.32 5 0.57 1.5 0.5 0.5 0.5 - 2.8
CEx.l - - 1.5 0.5 0.5 0.5 - 2.8
C.Ex.2 5% - 1.5 0.5 0.5 0.5 - 2.8
C.Ex.3 10™ - 1.5 0.5 0.5 0.5 - 2.8
C.Ex.4 5™ 0.1° 1.5 0.5 0.5 0.25 - 2.8
CEx5 | 5§ | 057 - 0.5 05 | o5 - 10.5
*1: Fumed silica having an average patticle size of 30 nm
*2: Fumed silica having an average particle size of 55 nm
*3: Fumed silica havmg an :}R]/erage patticle size of 20 nm ;
*4: Fumed allimina'hd' ving an average particle size of 30 nm
*5: Colloidal'silica havmga average patrticle size of 10 nm'
. 167 Col loidallsilica having an average particle size 0f 20 nm,
*71 Col |01d31= silica Ihang ] average partxcle size of 35 nm'
T . l
:Tapleaz : :
! ' ! ' ' ! %
&, & | & & & 5
=1 g | &35 ) 3 Z 8
Bl | B | BE- [ 8 | &
“%-E “-E‘ MZ'E ﬁmls =] et
SRS | 8RS | P 5 S| 878 B g &
¥ ¥ | 48 | ¥ g 2 &
2 e | gF 8 = %
o /5% . xn /5] g
=
Ex.1 230 50 | 160 2 4.6 14 115.0
Ex.2 300 83 | 280 5 36 1.1 60.0
Ex.3 380 85 | 370 10 4.5 1.0 38.0
Ex4 | 400 © g5 ! 400 11 4.7 1.0 36.4
Ex5 | 420 85 | 420 12 4.9 1.0 35.0
|Bx6 | 380 _ 45 370 10 8.4 1.0 38.0
WEx7 . | 380 | 85 370 10 4.5 1.0 38.0°
|Exi8 'l 380 -85 ! 370 10 4.5 1.0 38.0
|Ex/9 | 370 90 | 240 5 3.0 1.1 54.0
B , : .
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abte
] & 8 | &, & g &
g gew | SETw | & & g g
SGE | BiE | ERE|igE| & | 2 | 5
= 88 _:sE EE 5] = b7
5EE | 5EE | 52E| & 5 g g
= — = L - ﬁ‘_' i b 4 g g
& & & & g
_ =~
Ex.10 360 87 340 9 4.1 1.1 40.0
Ex.11 390 80 375 11 4.9 1.0 35.5
Ex.12 410 40 390 12 10.3 1.1 34.2
Ex.13 | 410 85 | 400 12 4:8 1.0 34,2
Ex.14 360 85 360 9 42 1.0 40.0
Ex15 | 380 | 60 | 370 10 6.3 1.0 38.0
i1Ex16 || 380 |, 40 370 10 9;5 1.0 38.0
Ex17 | foo T 75 370 10 1.3 0.3 10.0
1 IBx|18 11 350 f ' 82 370 10 3.0 0.7 25.0
B9 do0 1 85 370 10 47 i1 40.0
L1 ExD20 40 | © 85 | 370 10 52 12 44.0
;Ex421 | 300 | 85 370 10 3.5 0.8 30.0
1Ex22 | 360 | 85 - | 370 10 42 1.0 360 .
Ex.23 400 85 . 370 10 4.7 1.1 40.0
Exi24 400 85 370 10 | 47 1.1 40.0
Ex.25 390 85 370 10 4.6 1.1 | 390
Ex.26 400 85 370 10 47 1.1 40.0
Ex.27 | 400 85 370 10 47 1.1 40.0
Ex.28 410 88 370 10 47 1.1 41.0
Ex.29 390 85 370 10 46 1.1 39.0
Ex.30 300 83 370 10 3.6 0.8 30.0
Ex.31 150 50 - 100 2 3.0 1.5 75.0
Ex.32 350 30 | 350 10 11.7 1.0 35.0
C.Ex.1 50 2 100 2 25.0 0.5 25.0
CEx2 | 380 10 370 10 38.0 1.0 38.0
CEx3 | 430 . 10 ! 380 10 43.0 1.1 430
CEx4 | 380 | 14 370 10 27.1 1.0 38.0
|C.Ex.5 | 10 [ 15 | 370 40 0.7 0.0 0.3
“ { | o . | 1 ! ' o

i Ias éhowﬂ 1n Table 2, in Comparative Examples 1 to 5, all
“gf;the st?ck removal rates for a titanium blanket-wafer are no
greater than 15 nm/mln and most are less. From this result,
itican be!concluded that none of the polishing compositions
according: to Comparative Examples 1 to 5 have the ability to

polish a titanium material.at a high stock removal rate. The
| '
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i
reason wh? the polishing compositions according to Comparative
Examples i to 3 had.a low stock removal rate when polishing
the titanium blanket—ﬁafer is believed to be that the
polishing;compositions according to Comparative Examples 1 to
3 included no colloidal silica. The reason why the polishing
compositien according to Comparative Example 4 had a low stock
removal rate when pélishing the titanium .blanket-wafer is
believed to be that;the content of colloidal silica in the
;ﬂoiisﬁing composltlen in.Comparative Example 4 was as low as

5@. % ﬂy mass (1 e. 10 1% by mass or less). The reason why the

ipo lshlng comb051tlon according to Comparatlve Example 5 had a
|loW stock'removal tate when polishing the titanium blanket-
wafer ‘is belleved to be that pH of the polishing composition

accordlng-to Comparative Example 5 is 10.5, i.e., greater than
6. :

In eontrast, in Examples 1 to 32, all of the stock
removal retes for a titanium blanket-wafer are as high as 30
nm/min. or more. From this result, it can be concluded that
all of the pollshlnq compos1tlons accordlng to Examples 1 to
32 haGe t?e abllltylto pOllSh a tltanlum.Materlal at a high

stock removal rate ; Furthermore, from the results of Example

531 and Comparative éxample 1, it can be concluded that the

! K-i;ab llty of a poilshnng compOSLtlon to polish a tungsten
o -l
$ 25

: ma erJal is enhance& by adding fumed silica to the polishing

comp031tlon. o '

! iFrorh the results of Examples 1 to 5, it can be concluded

that the content of fumed silica is preferably 2.5% by mass or
more in order to enhance the ability of the polishing

composition to polish a titanium material while the content of

fumed silica is preferably 4.0% by mass or more in order to

enhance the ability of the polishing composition to polish a
tungsten materlal ?rom the results of EXample 3 and 6 to 8,

1t can belconcluded that the content of c01101dal silica is

I T - 21 - ;



15

10!

preferably 0.5% by mass or more in order to enhance the
ability of the polishing composition to polish a titanium
material.  From the fesults of Examples 14 to 16, it can be
concluded that the average particle size of colloidal silica
is prefer?bly 20 nmlrather than 10 nm, and more preferably 35
nm ratherlthaq 20 nm in order to enhance,the ability of the

pollshlng comp031t10n to polish a titanium material. From the

_ be ults of Examples|17 to 20, it can be found that the content

fiqf peﬂlodic acld is preferably 1.0% by mass or more in order

;to enhanc? the ablllty of the polishing composition to polish

a tltanlum material while the content of periodic acid is
preferably 1.5% by mass or more in order to enhance the
ability of the polishing composition to polish a tungsten

material.
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CLAIMS:

1. A ppllshlng cémp051tlon for use in an application for
|

pOllShlng a tltanlum containing object, the polishing

comp051tlbn characterlzed by:

¢
A
il [ ‘

, mor? than 0. 1% by mass of c01101dal silica; and
|

water, and

wherein the polishing_has a pH of 6 or less.
2. The polishing composition according to claim 1,
characterized in that the average particle size of the

colloidal silica is'in a range from 1 to 25 nm.

3. The polishing composition according to claim 1 or 2,
further characterlzed by an ox1dlzlng agent, wherein the

object comprlses an 1nsulator layer hav1ng a trench, a

titanium barrler layer provided on the 1nsulator layer, and a
CondudthF metal conductor layer prov1ded on the barrier layer,
rWh rein each 6f thelbarrler layer and the conductor layer has
la tlonrp051tloneé inside the trench, and a portion

p051tloned outSLde the trench.

4. 3The5polishing composition according to claim 3,

characterized in that the oxidizing agent is periodic acid.

5. The polishing composition according to claim 3 or 4,
characterized in that the content of the oxidizing agent in

the polishing composition is in a range from 0.5 to 3.0% by

i
mass. )

'
1

6. The pollshlng composition according to any one of claims

1l to 5, further characterlzed by fumed oxide-particles.

i : | L |
. H l

g P i
“T. ‘The‘polishlng ‘composition according to clalm 6,

characterlzed in that the fumed oxide-particles comprise fumed

- 23 =
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silica, f?medialumiﬂa, fumed titania, orﬁfumed zirconia.
'8 IThe'polishlng‘comp051tlon accordlng to claim 6 or 7,
(ch?ra?terfzed|1n th?t the average particle size of the fumed
‘oxide- partlcles is in a range from 15 to 45 nm.

|

l
t

9. 3The§polishing composition according to any one of claims
© to 8, characterized in that the content of the fumed oxide—
particles in the polishing composition is in a range from 0.5

to 10% by mass.

10. The polishing composition according to any one of claims
6 to 9, characterizqd in that the ratio of weight of the fumed

oxide~-particles in the polishing comp051t10n to the total

'l5j we;ght oflthelcollomdal silica and the fumed ox1de—part1cles

izoe

1n th? pollshlng composition is in a range from 77 to 97%.
ﬁ; | ! j_ o {

IA pélisﬁiﬁg method, characterized by:

preparlng the polishing composition according to any one
of cla1ms11 to 10; and

polishing a titanium¥containing object, by using the

prepared ﬁolishing éomposition.
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