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(57) ABSTRACT 

The present invention provides a composition for chemical 
mechanical polishing Which comprises an oxidizing agent, 
an abrasive, and a Fenton’s reagent. The oxidizing agent 
comprises a per compound, such as periodic acid, a perox 
ide, or a persulfate. The abrasive comprises a metal oxide, 
such as colloidal silica, alumina, or spinel. The Fenton’s 
reagent comprises a metal selected from a group consisting 
of metals in Group 1(b) and Group 8, such as iron, copper 
and silver. The composition is believed to be effective by 
virtue of the interaction betWeen the oxidizing agent and the 
Fenton’s reagent that is at least partially linked to the surface 
of the abrasive. The invention further provides a method that 
employs the composition in the polishing of a feature or 
layer, such as a metal ?lm, on a substrate surface. The 
invention additionally provides a substrate produced this 
method. 
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Fig-ure 1B 
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PROCESS CHARACTERIZATION 
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FENTON’S REAGENT COMPOSITION FOR 
CHEMICAL-MECHANICAL POLISHING, 

METHOD OF USING SAME, AND SUBSTRATE 
TREATED WITH SAME 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation-in-part of co 
pending US. application Ser. No. 10/074,757 of Robert J. 
Small and Brandon S. Scott, entitled Catalytic Composition 
for Chemical-Mechanical Polishing, Method of Using Same, 
ana' Substrate Treated with Same, ?led on Feb. 11, 2002, 
Which is incorporated herein in its entirety by this reference. 

FIELD OF THE INVENTION 

[0002] The invention relates generally to a composition 
that is usefully employed in chemical-mechanical polishing 
processes, and an associated method of polishing a substrate. 
More particularly, the invention relates to a composition 
comprising an oxidiZing agent, an abrasive, and a Fenton’s 
reagent. The composition is useful in the polishing of 
various layers, such as metal layers, on substrates. 

BACKGROUND OF THE INVENTION 

[0003] A semiconductor Wafer, such as a silicon or a 
gallium arsenide Wafer, generally has a substrate surface on 
Which one or more integrated circuits is formed. The sub 
strate surface is desirably as ?at, or planar, as possible before 
the surface is processed to form the integrated circuits. A 
variety of semiconductor processes are used to form the 
integrated circuits on the ?at surface, during Which the Wafer 
takes on a de?ned topography. If this topography is too 
irregular or includes surface imperfections, fabrication pro 
cesses, such as photolithography, are often compromised, 
and the resulting semiconductor device is often inoperable 
or highly subject to failure. Thus, it is often necessary to 
polish the Wafer surface to render it as planar or uniform as 
possible and to remove surface imperfections. 

[0004] Chemical-mechanical polishing or planariZation 
(CMP) processes are Well-known. See, for example, Chemi 
cal Mechanical Polishing in Silicon Processing, Semicon 
ductors and Semimetals, Vol. 62, Edited by Li, S. et al., 
Which is expressly incorporated herein by this reference. 
CMP processes are commonly used to polish or “planariZe” 
the surfaces of Wafers at various stages of fabrication to 
improve Wafer yield, performance and reliability. In CMP, 
typically the Wafer is held in place on a carrier using 
negative pressure, such as vacuum, or hydrostatic or pneu 
matic pressure. The carrier is typically situated over a 
polishing pad that is situated on a platen. CMP generally 
involves applying a polishing composition or slurry to the 
polishing pad, establishing contact betWeen the Wafer sur 
face and the polishing pad, and applying a doWn-force 
pressure on the Wafer carrier While providing relative 
motion, typically rotational or orbital motion, betWeen the 
Wafer surface and the polishing pad. Typically, this relative 
motion involves movement of both the carrier and the platen 
at the same or different speeds. 

[0005] The polishing composition typically contains an 
abrasive material, such as silica and/or alumina particles, in 
an acidic, neutral, or basic solution. Merely by Way of 
example, a polishing composition useful in the CMP of 
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tungsten material on a substrate may contain abrasive alu 
mina (A1203), also called aluminum oxide, an oxidiZing 
agent such as hydrogen peroxide (H202), and either potas 
sium hydroxide (KOH) or ammonium hydroxide (NH4OH). 
A CMP process employing such a polishing composition 
may provide a predictable rate of polishing, While largely 
preserving desirable insulation features on the Wafer surface. 

[0006] CMP is used in a variety of semiconductor pro 
cesses to polish Wafers having a variety of surface features, 
such as oxide and/or metal layers. By Way of example, often 
the surface of a semiconductor Wafer has insulation or oxide 
features, the grooves or stud vias of Which are ?lled With a 
metal or metal alloy. Typical ?ller metals or alloys include 
aluminum, copper, titanium, titanium nitride, tantalum, tan 
talum nitride, tungsten, or any combination of these metals 
or alloys. For such a semiconductor Wafer, a typical CMP 
process involves polishing the metal in a controlled manner 
to “stop on” the oxide beneath the metal, such that the metal 
is substantially coplanar With the oxide and remains in the 
grooves or stud vias of the oxide. After CMP, the substan 
tially coplanar surface is ready for further processing. CMP 
is currently the primary method used to polish or “planariZe” 
Wafers in back end of the line (BEOL) processes. 

[0007] Semiconductor fabrication processes such as pho 
tolithography have evolved signi?cantly, such that advanced 
devices having very ?ne oxide, metal, and other surface 
features, With sub-0.25 micron geometries (such as 0.18 
micron or less), are noW being made. Process tolerances are 
necessarily tighter for these advanced devices, calling for 
improvements in CMP technology to obtain desired material 
removal rates While minimiZing Wafer defects or damage. A 
variety of approaches have been taken in an effort to 
improve CMP processes. 

[0008] One approach has involved increasing the doWn 
force pressure on the Wafer carrier in order to increase 
material removal rates. This approach is generally disfa 
vored as the requisite doWn-force pressure is considered too 
high and too likely to cause Wafer damage, such as scratch 
ing, delamination, or destruction of material layers on the 
Wafer. When the Wafer is fragile, as is generally the case With 
substrates layered With ?lms, such as porous ?lms, having a 
loW dielectric constant, these damage issues are particularly 
acute and detrimental in terms of Wafer yield and perfor 
mance. 

[0009] Another approach has involved increasing the 
amount of oxidiZing agent used in the CMP slurry in an 
effort to increase chemical removal of targeted material. 
This approach is largely disfavored as the use of increased 
amounts of oxidiZing agents detrimentally add to the han 
dling issues and environmental issues associated With many 
oxidiZing agents and thus increase costs. Attempts to cata 
lyZe the oxidiZing agent to increase removal rates have also 
had limited success. Additional approaches have involved 
using a combination of CMP slurries, including for example, 
a Zirconium slurry, a combination of abrasive particles in a 
CMP slurry, and/or using point-of-use mixing techniques. 
These approaches are generally undesirable, as they typi 
cally complicate CMP in terms of tooling and process 
control for example, consume more process time, and/or 
increase costs. 

[0010] Further developments in the ?eld of CMP technol 
ogy are desired. One promising development involves a 
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CMP composition comprising an oxidizing agent and an 
abrasive particle that is at least partially coated With a metal 
catalyst, as disclosed in co-pending US. application Ser. No. 
10/074,757 of Small et al. Additional developments in CMP 
technology are desired. 

SUMMARY OF THE INVENTION 

[0011] The present invention provides a composition for 
chemical-mechanical polishing Which comprises at least one 
oxidiZing agent, at least one abrasive, and at least one 
Fenton’s reagent. The oxidiZing agent generally comprises a 
per compound, such as, for example, periodic acid or a 
peroxide. The abrasive generally comprises a metal oxide, 
such as, for example, silica, alumina, or a spinel, such as an 
iron-containing spinel. The Fenton’s reagent generally com 
prises a metal from Group 1(b) or Group 8 of the Periodic 
Table of Elements, such as, for example, iron, copper or 
silver, and is at least partially linked to the abrasive. It is 
believed that the Fenton’s reagent interacts favorably With 
the oxidiZing agent to generate free radicals that facilitate 
the chemical-mechanical polishing of metal features, such 
as, for example, tungsten or copper features, on silicon or 
semiconductor Wafers. 

[0012] The composition may contain a variety of addi 
tives, such as a typical abrasive (i.e., an abrasive free of a 
catalyst or Fenton’s reagent), a surfactant, a stabiliZing 
agent, a dispersing agent, a complexing agent, a polish 
enhancing agent, and/or a pH-adjusting agent. The pH level 
of the composition should be from about pH 2 to about pH 
7, and preferably, from about pH 3 to about pH 4. 

[0013] The composition of the present invention is effec 
tive in the CMP of a variety of metal or metal alloy materials 
on substrates such as silicon or semiconductor substrates. It 
is theoriZed that the Fenton’s reagent that is linked to the 
abrasive and the oxidiZing agent react to generate free 
radicals that are effective intermediates in the reaction 
betWeen the oxidiZing agent and the material targeted for 
removal from the substrate surface. Further, it is believed 
that the reagent-linked abrasive is particularly effective as it 
brings the reagent directly to the targeted material on the 
substrate surface, and thus facilitates or accelerates the 
removal reaction substantially at the site of the targeted 
material. 

[0014] The composition provides very desirable material 
removal rates, for example, up to about 6,000 to about 
15,000 Angstroms per minute, such as about 8,000 Aper 
minute, in a CMP process. The composition is effective 
When used in conventional CMP processes, as Well as CMP 
processes having relatively loW carrier pressures. Substrates 
polished using the composition shoW good uniformity val 
ues, as re?ected by relatively loW Within Wafer non-unifor 
mity percentages. For example, in some of the examples 
provided herein, the Within Wafer non-uniformity percent 
ages of the polished substrates Were about 7% or less, or 
even about 4-6% or less. 

[0015] Additional features, aspects and advantages of the 
present invention Will become apparent from the description 
of preferred embodiments and the various examples set forth 
beloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1A and FIG. 1B are SEM pictures of the 
center and the edge vias, respectively, of a production Wafer 
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after polishing using a composition of the present invention, 
as further described beloW in relation to Example 5. 

[0017] FIG. 2 is a graphical plot of the tungsten removal 
rate and the Within Wafer non-uniformity percentage of 26 
Wafers consecutively polished using a composition of the 
present invention, as further described beloW in relation to 
Example 6. 

[0018] FIG. 3A is a graphical plot of optimiZation studies 
of CMP processes using a composition of the present 
invention, as further described beloW in relation to Example 
7. 

[0019] FIG. 3B and FIG. 3C are graphical plots of 
characteriZation studies of CMP processes using a compo 
sition of the present invention, as further described beloW in 
relation to Example 7. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0020] The composition of the present invention is use 
fully employed in the chemical-mechanical polishing 
(CMP) of a substrate. The composition or slurry may be used 
to polish at least one feature or layer on a substrate such as 

a silicon substrate, a gallium arsenide (GaAs) substrate, a 
thin ?lm transistor-liquid crystal display (“TFT-LCD”) glass 
substrate, or any other substrate associated With integrated 
circuits, thin ?lms, semiconductors, Micro Electro Mechani 
cal Systems (MEMS) structures, hard disk platters and 
heads, and the like. By Way of example, the composition of 
the present invention may be used in the CMP of a substrate 
having one or more layers of aluminum, copper, copper 
aluminum alloy, tantalum, titanium, tungsten, or tantalum-, 
titanium-, or tungsten-containing alloys, such as tantalum 
nitride, titanium nitride, titanium tungsten, or any combina 
tion thereof, particularly, copper or tungsten, and most 
particularly, tungsten. 

[0021] Generally, throughout this description, any men 
tion of a component of the composition refers to at least one 
such component, for example, one such component or 
multiple such components. Further, any amount of a com 
ponent of the composition is given as a Weight percent (Wt. 
%) relative to the composition. Additionally, any amount of 
a component is given as an approximate amount, for 
example, more or less than, or equal to, the precise numeri 
cal amount stated. This convention concerning approximate 
amounts applies to any numerical measure stated herein in 
connection With the composition, such as a numerical pH 
level stated for the composition or a numerical process 
parameter stated for a CMP process employing the compo 
sition. The foregoing conventions apply throughout this 
speci?cation unless speci?ed or clearly intended or implied 
otherWise. 

[0022] The composition generally comprises at least one 
oxidiZing agent, at least one abrasive, and at least one 
Fenton’s reagent that is at least partially linked to the 
abrasive, as further described herein. Typically, the abrasive 
component comprises a portion of abrasive that is linked 
With the Fenton’s reagent (sometimes referred to herein as 
“linked abrasive”) and a portion of abrasive that is free of 
any Fenton’s reagent (sometimes referred to herein as “nor 
mal abrasive”), although only the former need be present. 
For example, the abrasive may comprise a ratio of linked 
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abrasive to normal abrasive of about 1 to about 9. Each of 
the components of the composition and typical, preferred, 
and more preferred amounts thereof, in approximate Weight 
percent (Wt. %) relative to the composition, are provided 
beloW in Table 1. 

TABLE 1 
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example, oZone is a suitable oxidizing agent either alone or 
in combination With one or more other suitable oxidizing 
agents. Further by Way of example, the oxidiZing agent may 
be a metal salt, a metal complex or coordination compound, 
or any combination thereof. An organic or inorganic 

Chemical-Mechanical Polishing Composition 

Component Typical Amount Preferred Amount More Preferred Amount 

Oxidizing Agent 0.01 to 30 Wt. % 0.01 to 10 Wt. % 0.01 to 6 Wt. % 
Normal Abrasive 0.01 to 30 Wt. % 0.01 to 20 Wt. % 0.01 to 10 Wt. % 
Linked Abrasive 0.01 to 25 Wt. % 0.01 to 10 Wt. % 0.01 to 5 Wt. % 

[0023] The oxidiZing agent of the CMP composition 
assists in the chemical removal of targeted material on the 
substrate surface. The oxidiZing agent component is thus 
believed to enhance or increase the material removal rate of 
the composition. Preferably, the amount of oxidiZing agent 
in the composition is sufficient to assist the chemical 
removal process, While being as loW as possible to minimiZe 
handling, environmental, or similar or related issues, such as 
cost. The various amounts of oxidiZing agent provided in 
Table 1 are all effective and suitable, While the more 
preferred amount of from about 0.01 to about 6 Weight 
percent relative to the composition, is particularly preferred 
in terms of minimiZing the potential issues mentioned 
above. 

[0024] The oxidiZing agent is preferably an inorganic or 
organic per-compound. Aper-compound is generally de?ned 
as a compound containing an element in its highest state of 
oxidation, such as perchloric acid; a compound containing at 
least one peroxy group (—O—O—), such as peracetic acid 
and perchromic acid; or a compound having exhaustive 
substitution or addition, such as perchloroethylene. The 
Condensed Chemical Dictionary, Tenth Edition, Revised by 
HaWley, G. Suitable per-compounds containing at least one 
peroxy group include, but are not limited to, a hydroperox 
ide, a hydrogen peroxide, such as hydrogen peroxide or urea 
hydrogen peroxide, a persulfate, such as a monopersulfate 
(SOSdbd) or a dipersulfate (S2O8dbd), peracetic acid, a per 
carbonate, an organic peroxide, such as benZoyl peroxide, 
di-t-butyl peroxide, any acid thereof, any salt thereof, any 
adduct thereof, and any combination of the foregoing. 
Suitable per-compounds that do not contain a peroxy group 
include, but are not limited to, periodic acid, any periodiate 
salt, perbromic acid, any perbromate salt, perchloric acid, 
any perchlorate salt, perboric acid, any perborate salt, per 
manganate, any permanganate salt, and any combination of 
the foregoing. Preferably, the oxidiZing agent is a per 
compound or a compound possessing a reactive peroxy 
functional group, such as monopersulfate, dipersulfate, per 
acetic acid, urea hydrogen peroxide, hydrogen peroxide, any 
acid, salt, or adduct thereof, and any combination of the 
foregoing, or a per-compound not having a peroxy group, 
such as periodic acid, any acid, salt, or adduct thereof, and 
any combination of the foregoing. Most preferably, the 
oxidiZing agent is periodic acid. 

[0025] Other oxidiZing agents are also suitable compo 
nents of the composition of the present invention. For 

hydroxylamine compound or salt is yet another possible 
oxidiZing agent component for the composition. 
[0026] A sampling of suitable oxidiZing agents includes 
iron salts, aluminum salts, sodium salts, potassium salts, as 
Well as ammonium salts, quaternary ammonium salts, phos 
phonium salts, peroxides, chlorates, perchlorates, perman 
ganates, persulfates, and any combination thereof. In gen 
eral, the various oxidiZing agents described herein may be 
used either alone or in combination With one another, 
although any combination that might undesirably compli 
cate the CMP process is preferably avoided. 

[0027] In addition to the oxidiZing agent component, the 
composition also comprises an abrasive and a Fenton’s 
reagent. The reagent is at least partially linked to the 
abrasive, as further described herein. The abrasive is effec 
tive in the mechanical removal of targeted material on the 
substrate surface. Suitable amounts of reagent-linked abra 
sive, such as the preferred range of from about 0.01 to about 
10 Weight percent relative to the composition, are listed in 
Table 1 above. Suitable amounts of normal abrasive, if any, 
are also listed in Table 1. 

[0028] The abrasive is generally in the form of an abrasive 
particle, and typically many abrasive particles, of one mate 
rial or a combination of different materials. Generally, a 
suitable abrasive particle is more or less spherical and has an 
effective diameter of about 30 to about 170 nanometers 
(nm), although individual particle siZe may vary. Abrasive in 
the form of aggregated or agglomerated particles are pref 
erably processed further to form individual abrasive par 
ticles. 

[0029] The abrasive particle may be a metal oxide particle, 
a resinous particle, or a plastic particle, and is preferably a 
plastic particle. Asuitable metal oxide abrasive includes, but 
is not limited to, alumina, ceria, germania, silica, a spinel, 
titania, an oxide of tungsten, Zirconia, and any combination 
thereof, preferably, alumina, colloidal silica, or an iron 
spinel. The metal oxide abrasive may be produced by any of 
a variety of techniques, including sol-gel, hydrothermal, 
hydrolytic, plasma, fuming and precipitation techniques, and 
any combination thereof. Preferably, the metal oxide abra 
sive is a colloidal abrasive, such as colloidal silica. In 
general, the above-mentioned metal oxide abrasives may be 
used either alone or in combination With one another, 
although any combination that might undesirably compli 
cate the CMP process is preferably avoided. 

[0030] As mentioned above, other abrasives, such as plas 
tic or resinous abrasives, are suitable components of the 
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composition of the present invention. For example, a suit 
able plastic abrasive particle may be composed of a poly 
acrylic acid, a polymethylacrylic acid, a polyvinyl alcohol, 
or any combination thereof. Further by Way of example, a 
suitable resinous abrasive particle may be composed of a 
polyacrylic acid, a polymethylacrylic acid, a polymelamine, 
or any combination thereof, or any particle of a ion exchange 
resin, such as a plastic ion exchange resin. 

[0031] According to the present invention, a catalytic 
reagent is at least partially linked to the abrasive. The 
reagent enhances, or increases, the rate of the chemical 
reaction betWeen the oxidiZing agent of the composition and 
the targeted material, particularly metal material, on the 
substrate surface during a CMP process. The reagent is 
believed to assist in the formation of activated oxidiZing 
species or free radicals, such as activated peroxy groups, at 
reaction sites on the material targeted for removal. Prefer 
ably, the reagent is substantially insoluble in the composition 
such that it remains, for the most part, at least partially 
linked to the abrasive particle during the CMP process. 

[0032] As mentioned above, the reagent is at least partially 
linked to the abrasive material of the composition. As used 
herein, “linking” and its various linguistic or grammatical 
forms or counterparts generally refer to forming a chemical 
connection betWeen the abrasive and the reagent, such as by 
forming at least a partial layer of reagent material on at least 
a portion of the abrasive, absorbing or adsorbing the reagent 
material on at least a portion of the abrasive, forming bonds 
betWeen the reagent material and at least a portion of the 
abrasive, such as covalent bonds, ionic bonds, or a combi 
nation of covalent and ionic bonds, and the like, by any 
suitable means or method. 

[0033] Care should be taken as to the amount of reagent 
linked abrasive used, as using too much of the reagent may 
compromise control of the CMP process. The amount of 
reagent-linked abrasive should generally not exceed 25 
Weight percent of the composition. Where reagent concen 
tration is a concern, an increased amount of normal abrasive, 
absent a reagent linkage, may be used to dilute the reagent 
in the composition and facilitate control of the CMP process. 

[0034] Catalytic reagents suitable for the CMP composi 
tion are noW described. Certain metal salts are extremely 
versatile means of producing free radicals, particularly in 
aqueous systems, and inducing radical chain processes. An 
example of a suitable radical-generating system for the 
oxidation of a variety of organic substrates includes a 
Fenton’s reagent of ferrous ions and hydrogen peroxide, as 
described by Fenton. See Fenton, H. J. H., Oxidation of 
TartaricAcid inpresence ofIron, J. Chem. Soc., 65, 899-910 
(1894). Also knoWn are a variety of similar systems, as Well 
as radical chain process-inducing systems involving inor 
ganic reagents, such as a system for the metal ion-catalyZed 
autoxidation of sul?te ions elucidated by Haber and Wil 
stater Haber and Wilstatter, Ber., 64, 2844 (1931)), and 
Backstrom L. J. Backstrom, Z. physik, Chem, B25, 122 
(1934)). See Walling, C., Free Radicals in Solution (John 
Wiley & Sons, NeW York, 1957), pp. 564-579, Which is 
incorporated herein in its entirety by this reference. Systems 
such as these are often referred to in terms of reduction 
activation or redox catalysis. As used herein, these redox 
related terms apply to all redox systems that produce free 
radicals and/or induce radical chain processes by one 

Feb. 12, 2004 

electron redox reactions. Similarly, as used herein, the term 
“Fenton’s reagent” applies to all metal-based reagents, not 
just ferrous ions in combination With hydrogen peroxide as 
described above, that participate in free radical reactions. 

[0035] The Fenton’s reagent comprises a metal from 
Group 1(b) or Group 8 of the Periodic Table of the Elements 
that reacts With the oxidiZing agent of the CMP composition 
to activate free radicals. See, for example, Handbook of 
Chemistry and Physics, 64th Edition, Periodic Table of the 
Elements, Inside Front Cover, Which is fully incorporated 
herein by this reference. Suitable metals include iron, cop 
per, silver, and any combination thereof. The suitability of 
silver appears to depend on the oxidiZing agent employed. 
Merely by Way of example, silver is a suitable metal-based 
Fenton’s reagent When the oxidiZing agent is a persulfate. 
Cobalt does not appear to be effective as a Fenton’s reagent. 
Preferably, the metal comprises copper, iron, or a combina 
tion thereof, most preferably, iron because of its greater 
activity. It is believed that reagents having a standard 
oxidation potential of from about —0.55 to about —0.40 eV, 
such as copper (-0.52 eV) and iron (—0.44 eV), for example, 
have an optimal or preferred catalytic activity. 

[0036] Merely by Way of example, When ferrous iron is 
used as the Fenton’s reagent and the oxidiZing agent is 
hydrogen peroxide, the reaction sequence (Reaction 
Sequence 1) set forth beloW is believed to take place. 

[0037] Reaction Sequence 1 

[0042] See, for example, the above-referenced publication 
of Walling. Further by Way of example, When ferric iron is 
used as the Fenton’s reagent and the oxidiZing agent is 
periodic acid, the reaction sequence (Reaction Sequence 2) 
set forth beloW is believed to take place. 

[0043] Reaction Sequence 2 

[0045] See, for example, Symons, M. C. R., Evidence for 
Formation of F ree-radical Intermediates in Some Reactions 
Involving Periodate, J. Chem. Soc., 1955, pp. 2794-2796, 
Which is incorporated herein in its entirety by this reference. 
These exemplary reaction sequences demonstrate the acti 
vation of free radicals that are useful in the CMP composi 
tions of the present invention. 

[0046] The Fenton’s reagent may be in a variety of forms, 
such as an oxide, a hydroxide, a nitrate, a halide, such as 
chloride, a perchlorate, or an acetate of the metal, a source 
of ions of the metal, and any combination thereof. As to the 
oxide and hydroxide forms of the reagent, these should be 
soluble under acid conditions, for example, at a pH of about 
5 or less, such that soluble metal ions are present in the 
composition. By Way of example, suitable metal oxides 
include iron oxide, copper oxide, and silver oxide. Further 
by Way of example, the reagent may be a source of muliva 
lent metal, such as a source of divalent or trivalent iron, as 
exempli?ed in the tWo reaction sequences, Reaction 
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Sequences 1 and 2, shown above. Preferably, the reagent is 
a metal acetate, such as copper acetate (“CuAc”) or prefer 
ably, iron acetate (“FeAc”). More preferably, the reagent is 
a metal nitrate or a metal sulfate, such as an iron nitrate or 
an iron sulfate. 

[0047] It is believed that the composition of the present 
invention is particularly advantageous by virtue of the 
interaction betWeen the reagent at least partially linked to the 
surface of the abrasive and the oxidiZing agent. That is, it is 
believed that a reaction takes place betWeen the abrasive 
linked reagent and the oxidiZing agent, such as a peroxide or 
periodic acid, at or near the surface of the abrasive. It is 
believed that this reaction generates free radicals or active 

reaction intermediates, such as hydroxyl free radicals or perhydroxyl free radicals (HOO.), near the surface of the 

abrasive, Which radicals interact favorably With the targeted 
material on the substrate When the reagent-linked abrasive 
contacts the substrate surface. Descriptions of redox systems 
involving reagents that generate free radicals in the presence 
of oxidiZing agents are provided in the Walling and Symons 
publications set forth above, and in Bacon, R., The Initiation 
of Polymerisation Processes by Redox Catalysts, Quart. 
Revs., Vol. IX (1955), pp.287-310, Which is incorporated 
herein in its entirety by this reference. Such reagents are 
candidates for linkage With the abrasive used in the com 
position. 
[0048] The pH of the composition is desirably on the order 
of from about pH 2 to about pH 7, and preferably, from about 
pH 2.5 to about pH 4.5, and most preferably, from about pH 
3 to about pH 4. These pH levels, and particularly the 
preferred and most preferred levels, are believed to facilitate 
control of the CMP process. A composition having a pH that 
is too loW, such as beloW pH 2, may present problems in 
terms of the handling of the composition and the quality of 
the polishing itself. A composition having a pH that is too 
high, such as above pH 7, may detrimentally contribute to 
reagent solubility problems, particularly When the reagent is 
a metal oxide or metal hydroxide. 

[0049] The pH of the composition may be adjusted using 
an appropriate pH-adjusting agent, such as a suitable acid, 
base, amine, or any combination thereof. The pH-adjusting 
agent may contain metal ions. Examples include metal 
hydroxides, such as NaOH, KOH and the like, containing 
sodium, potassium, and like metal ions, respectively. Pref 
erably, the pH-adjusting agent used in the composition does 
not contain any undesirable metal ions, such that undesirable 
metal components are not introduced into the composition. 
Suitable pH-adjusting agents include amines, ammonium 
hydroxide, nitric acid, phosphoric acid, sulfuric acid, 
organic acids, and any combination thereof. 

[0050] The composition may also include one or more of 
various optional additives. Suitable optional additives 
include surfactants, stabiliZating agents, complexing agents, 
such as oxalic acid and/or lactic acid for example, dispersing 
agents, and the like. These optional additives are generally 
employed to facilitate or promote stabiliZation of the com 
position against settling, ?occulation (including precipita 
tion, aggregation or agglomeration of particles, and the like), 
decomposition, and the like. Examples of these optional 
additives include sulfuric acid, phosphoric acid, nitric acid, 
ammonium salts, potassium salts, sodium salts, or other 
cationic salts of sulfates and phosphates, and any combina 
tion thereof. 
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[0051] In general, any of these optional additives should 
be present in an amount sufficient to substantially stabiliZe 
the composition. The necessary amount varies depending on 
the particular additive selected and the particular make-up of 
the CMP composition, such as the nature of the surface of 
the abrasive component. If too little of the additive is used, 
the additive Will have little or no effect on the stability of the 
composition. On the other hand, if too much of the additive 
is used, the additive may contribute to the formation of 
undesirable foam and/or ?occulent in the composition. Gen 
erally, suitable amounts of these optional additives range 
from about 0.001 to about 2 Weight percent relative to the 
composition, and preferably from about 0.001 to about 1 
Weight percent. These optional additives may be added 
directly to the composition or applied to the surface of the 
abrasive component of the composition. 

[0052] While there are many suitable surfactant additives 
for the composition, preferred surfactant additives include 
dodecyl sulfate sodium salt, sodium lauryl sulfate, dodecyl 
sulfate ammonium salt, and any combination thereof. Suit 
able commercially available surfactants include TRITON 
DF-16 manufactured by Union Carbide and SURFYNOL 
manufactured by Air Products and Chemicals. 

[0053] StabiliZation agents may be used to stabiliZe the 
reagent or catalyst in the presence of the oxidiZing agent of 
the composition. For example, stabiliZers may be needed to 
stabiliZe a metal ion reagent in the presence of an oxidiZing 
agent, such as hydrogen peroxide. If a stabiliZation agent is 
not used, the oxidiZing agent and the catalyst may react in 
a manner that rapidly degrades the oxidiZing agent and thus 
compromises the CMP process. On the other hand, the 
presence of a stabiliZation agent in the composition may 
compromise the efficacy of the catalyst. Thus, for optimal 
CMP performance, careful consideration should be given as 
to Whether or not to use a stabiliZing agent in the compo 
sition, and as to the selection and amount of any stabiliZation 
agent added to the composition. 

[0054] Suitable stabiliZing agents include organic acids, 
such as adipic acid, carboxylic acid, citric acid, malonic 
acid, orthophthalic acid, and ethylenediaminetetraacetic 
acid, phosphoric acid, phosphonate compounds, nitriles, and 
other ligands, such as those that bind the reagent material 
and thus reduce reactions that degrade the oxidiZing agent, 
and any combination of the foregoing agents. As used 
herein, an acid stabiliZing agent refers to both the acid 
stabiliZer and its conjugate base. That is, the various acid 
stabiliZing agents may also be used in their conjugate form. 
By Way of example, herein, an adipic acid stabiliZing agent 
encompasses adipic acid and/or its conjugate base, a car 
boxylic acid stabiliZing agent encompasses carboxylic acid 
and/or its conjugate base, carboxylate, and so on for the 
above-mentioned acid stabiliZing agents. A suitable stabi 
liZer, used alone or in combination With one or more other 
stabiliZers, decreases the rate at Which an oxidiZing agent 
such as hydrogen peroxide decomposes during a CMP 
process. 

[0055] Optionally, certain additives or polish-enhance 
ment agents may be added to the composition to enhance or 
improve the polishing rate of targeted material on the 
substrate surface, such as tantalum and titanium material 
often present in the form of barrier layers on the substrate 
surface. An example of a polish-enhancement agent is 
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hydroxylamine, Which is particularly effective When the 
targeted material is tantalum. Polishing-enhancement agents 
other than hydroxylamine, such as ?uoride-based agents, are 
generally preferred for use With peroxide-containing com 
positions. The optional polishing-enhancement agent, if any, 
is generally present in an amount of from about 0.001 to 
about 2 Weight percent, or preferably, from about 0.001 to 
about 1 Weight percent, relative to the composition. 

[0056] The CMP composition or slurry of the present 
invention may be prepared using conventional techniques. 
Typically, the Water and abrasive components are combined, 
reagent-linked abrasive is then added, oxidiZer is then 
added, and the pH is adjusted. The reagent-linked abrasive 
is typically prepared separately, and in situ, by absorbing or 
adsorbing the reagent on the surface of the abrasive at loW 
pH, such as a pH of about 2, for example. When the pH is 
adjusted upWards, such as to a pH of about 3.5, upon the 
addition of further components of the slurry, such as ammo 
nia, the solubility of the absorbed or adsorbed reagent may 
increase, such that some free reagent is present in the slurry. 
In this Way, for example, some metal from an absorbed or 
adsorbed metal-based reagent, such as iron from iron nitrate 
or iron sulfate, may become free in the slurry, While the 
remainder of the metal-based reagent may remain at least 
partially linked on the surface of the abrasive particles in the 
slurry. 

[0057] Alternatively, according to one aspect of the 
present invention, the reagent-linked abrasive may be added 
to an existing CMP composition, such as a commercially 
available CMP composition that contains an oxidiZing agent. 
For example, the reagent-linked abrasive may be added to a 
previously formulated peroxide composition to provide a 
CMP composition of this invention. 

[0058] In some CMP processes, particularly some of the 
advanced polishing processes, the composition is prepared 
by adjusting the amount of each composition component in 
real time, just prior to a re-mixing of the composition at the 
point of use. For most CMP processes, the prepared com 
position is re-mixed at the point of use, Whereupon it is 
poured onto the polishing pad. Typically, the composition is 
poured onto the pad as it is moved or rotated. As the CMP 
process proceeds, additional slurry may be added or excess 
slurry may be removed, as desired or necessary. 

[0059] Examples of the composition according to the 
present invention are provided beloW. Concentrations are 
given in Weight percentages relative to the composition, 
unless otherWise speci?ed. 

[0060] In Examples 1-4, each of the various slurries Was 
used in a conventional CMP process, using a 6EC polisher 
from Strasbaugh of San Luis Obispo, Calif., and an IC1000 
K groove/Suba IV polishing pad from Rodel of Phoenix, 
AriZ. Each process Was performed on a silicon substrate at 
least partially layered With a tungsten ?lm of about 8000 A 
in thickness. The process parameters included a carrier 
pressure of about 6 pounds per square inch (psi), a back 
pressure of 0 psi, a carrier speed of about 90 revolutions per 
minute (rpm), a platen or table speed of about 90 rpm, and 
a slurry ?oW rate of about 175 milliliters per minute (ml/ 
min). FolloWing the CMP polishing process, the polishing 
pad Was conditioned ex situ using a four-cycle conditioning 
process. 
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EXAMPLE 1 

[0061] In Example 1, slurries A-E, of varied ferric nitrate 
concentrations ([Fe(NO3)3], Wt. %), Were prepared and 
evaluated as to associated material removal rates (RR, 
Angstroms/minute or A/min), and Within Wafer non-unifor 
mity percentages (WNU, %) achieved in the conventional 
CMP process described above. Each of the slurry composi 
tions Was prepared by placing 595 grams of deioniZed Water 
(DI Water) into a tWo-liter plastic beaker that Was equipped 
With a magnetic stirrer. The DI Water Was stirred and 200 
grams of a 10 Wt. % periodic acid solution Were added. To 
this solution, 200 grams of a 30 Wt. % colloidal silica 
abrasive (Levasil 50 CK-862 from H. C. Starck, Inc. of 
NeWton, Mass.) Were then added. The solution Was then 
adjusted by adding 5 grams of a 30 Wt. % ammonia solution 
to bring the pH to 3 to provide the base solution for each of 
the compositions. 

[0062] The individual slurries A-E Were prepared by add 
ing 0, 0.22, 1.11, 2.22 and 11.1 grams of a 45 Wt. % ferric 
nitrate solution, respectively, to a separate base solution 
described above, such that ferric nitrate Was absorbed or 
adsorbed onto the colloidal silica in situ. An appropriate 
amount of a 30 Wt. % ammonia solution Was then added to 
each of the slurries to arrive at a slurry pH of 3. The ferric 
nitrate concentrations for slurries A-E Were 0, 0.01, 0.05, 
0.10 and 0.50 Wt. %, respectively, as set forth in Table 2 
beloW. The ?nal concentrations of the remaining compo 
nents of the slurries, all having a pH of 3, Were 2 Wt. % 
periodic acid, 3 Wt. % colloidal silica, and 0.15 Wt. % 
ammonia. 

[0063] Each of the slurries A-E Was used in the conven 
tional CMP process described above and evaluated in terms 
of material removal rates and Within Wafer non-uniformity 
percentage. The tungsten removal rates (W RR) and Within 
Wafer non-uniformity (WNU) percentages, as Well as the 
removal rates for silicon dioxide ?lm from tetra-ethyl 
orthosilicate (TEOS RR), associated With slurries A-E are 
provided in Table 2 beloW. 

TABLE 2 

Slurries A-E of Example 1 

[Fe(NO3)3] Tungsten TEOS 

Slurry (Wt. %) RR (A/min) WNU %) RR (A/min) 

A 0 2947 4.98 908 
B 0.01 3135 4.71 909 
C 0.05 3637 6.14 890 
D 0.10 3627 6.63 869 
E 0.50 3686 5.93 855 

[0064] Generally, the results shoW that the tungsten 
removal rate increases When ferric nitrate is used in the CMP 
slurry described above. The ferric nitrate concentration need 
not be large to bring about an improvement in the tungsten 
removal rate. For example, ferric nitrate concentrations of 
from about 0.025 to about 0.50 Wt. %, preferably, from about 
0.05 to about 0.10 Wt. %, and more preferably, at about 0.05 
Wt. %, are considered bene?cial. The tungsten removal rate 
appears to plateau someWhat at a ferric nitrate concentration 
of more or less 0.05 Wt. %. The TEOS removal rate does not 
appear to be particularly sensitive to the addition of ferric 
nitrate to the CMP slurry. 
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[0065] In this example, slurries C-E are considered very 
strong CMP performers, given the relatively high tungsten 
removal rates associated With these slurries. Slurries C and 
D are preferred as the loWer ferric nitrate concentrations 
associated With these slurries, and particularly the more 
preferred slurry C, relative to slurry D, suggest that there is 
less potential for free iron to be present in the CMP solution 
and thus in the CMP system folloWing the post-CMP clean 
ing of the system. 

EXAMPLE 2 

[0066] In Example 2, slurries A-E, of varied periodic acid 
concentrations ([PIA], Wt. %), Were prepared and evaluated 
as to associated material removal rates and Within Wafer 
non-uniformity percentages achieved in the conventional 
CMP process described above. Individual slurries A-E Were 
prepared by placing 797.8, 747.8, 697.8, 647.8, and 597.8 
grams of deioniZed Water (DI Water), respectively, into 
separate tWo-liter plastic beakers that Were equipped With 
magnetic stirrers. The DI Water Was stirred and 0, 50, 100, 
150, and 200 grams of a 10 Wt. % periodic acid solution, 
respectively, Were added to the separate beakers. To each 
solution, 200 grams of a 30 Wt. % colloidal silica abrasive 
(Levasil 50 CK-862 from from H. C. Starck, Inc. of NeWton, 
Mass.) Were then added. 

[0067] The individual slurries A-E Were prepared by add 
ing 2.2 grams of a 45 Wt. % ferric nitrate solution to the 
separate base solutions described above, such that ferric 
nitrate Was absorbed or adsorbed onto the colloidal silica in 
situ. An appropriate amount of a 30 Wt. % ammonia solution 
Was then added to each of the slurries to arrive at a slurry pH 
of 3. The periodic acid concentrations for slurries A-E Were 
0, 0.5, 1.0, 1.5 and 2.0 Wt. %, respectively, as set forth in 
Table 3 beloW. The ?nal concentrations of the remaining 
components of the slurries, all having a pH of 3, Were 0.1 Wt. 
% ferric nitrate, 3 Wt. % colloidal silica, and variable 
amounts of ammonia. 

[0068] Each of the slurries A-E Was used in the conven 
tional CMP process described above and evaluated in terms 
of material removal rates and Within Wafer non-uniformity 
percentage. The tungsten removal rates and Within Wafer 
non-uniformity percentages, as Well as the TEOS removal 
rates, associated With slurries A-E are provided in Table 3 
beloW. 

TABLE 3 

Slurries A-E of Example 2 

[PIA] Tungsten TEOS 

Slurry (Wt. %) RR min) WNU %) RR (A/min) 

A 0 584 8.77 NA 
B 0.5 2226 8.83 886 
C 1.0 3192 4.32 886 
D 1.5 3433 3.79 905 
E 2.0 3627 3.79 869 

[0069] Generally, the results shoW that the tungsten 
removal rate increases When periodic acid is used in the 
CMP slurry described above. The periodic acid concentra 
tion need not be large to bring about an improvement in the 
tungsten removal rate. For example, periodic acid concen 
trations of from about 1 to about 3 Wt. %, preferably, from 
about 1.5 to about 2.5 Wt. %, and more preferably, from 
about 1.5 to about 2 Wt. %, are considered bene?cial. The 
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TEOS removal rate does not appear to be particularly 
sensitive to the addition of periodic acid to the CMP slurry. 

[0070] At periodic acid concentrations of 1 Wt. % or more, 
the Within Wafer non-uniformity percentages are very good, 
on the order of about 4 WNU % or less. While the charac 
teriZation of Within Wafer non-uniformity percentages varies 
from process to process, generally speaking, percentages of 
beloW about 10 WNU % are acceptable, and percentages of 
about 6 WNU % or less, or about 5 to about 4 WNU % or 
less, are desirable. 

[0071] In this example, slurries D and E are considered 
very strong CMP performers, given the relatively high 
tungsten removal rates and the excellent Within Wafer non 
uniformity percentages associated With these slurries. 

EXAMPLE 3 

[0072] As CMP slurries of relatively loW pH, such as a pH 
of less than 2, may provide limited removal rates, 
approaches involving the use of CMP slurries of higher pH, 
such as a pH of 6 or 7, have been tried. HoWever, the use of 
such prior art slurries has not alWays provided better, or 
signi?cantly better, removal rates. Further, the more aggres 
sive chemistries associated With such slurries can undesir 
ably cause recessing of metal features, such as tungsten 
features or plugs, on the substrate. By Way of example, some 
alumina slurries of raised pH may be too aggressive for 
relatively small metal features on a substrate. 

[0073] In Example 3, slurries A-C, of varied pH, Were 
prepared and evaluated as to associated material removal 
rates and Within Wafer non-uniformity percentages achieved 
in the conventional CMP process described above. Each of 
the slurry compositions Was prepared by adding 2.2 grams 
of a 45 Wt. % ferric nitrate solution to a separate base 
solution that Was prepared as described above in Example 1, 
such that ferric nitrate Was absorbed or adsorbed onto the 
colloidal silica in situ. An appropriate amount of a 30 Wt. % 
ammonia solution Was then added to each of slurries A-C to 
arrive at slurry pHs of 1.8, 3.0, and 7.0, respectively, as set 
forth in Table 4 beloW. The ?nal concentrations of the 
components of the slurries Were 2 Wt. % periodic acid, 0.1 
Wt. % ferric nitrate, 3 Wt. % colloidal silica, and variable 
amounts of ammonia. 

[0074] Each of the slurries A-C Was used in the conven 
tional CMP process described above and evaluated in terms 
of material removal rates and Within Wafer non-uniformity 
percentage. The tungsten removal rates and Within Wafer 
non-uniformity percentages, as Well as the TEOS removal 
rates, associated With slurries A-C are provided in Table 4 
beloW. 

TABLE 4 

Slurries A-C of Example 3 

Tungsten TEOS 

Slurry PH RR (A/min) WNU %) RR (A/min) 

A 1.8 3435 3.27 879 
B 3.0 3494 4.11 893 
c 7.0 3418 4.37 547 

[0075] Generally, the results shoW that pH has no signi? 
cant effect on the tungsten removal rate. These results are 
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interesting, as one Would expect the tungsten removal rate to 
be affected by pH in a normal redox reaction. Further, one 
Would expect the iron species to be in the form of iron 
hydroxides or oxides at a pH of 7, and thus nearly inactive 
in a normal redox reaction. It is believed that the CMP 
slurries of the present invention are thus not involved in a 
normal redox reaction. Rather, it is believed that these CMP 
slurries are involved in a free radical reaction, such as those 
represented by the reaction sequences, Reaction Sequences 
1 and 2, described previously herein. 

[0076] As the pH does not appear to have a meaningful 
effect on the tungsten removal rate, the pH of the slurry can 
be selected based on other considerations. For example, a 
pH of 1.8 may be considered too acidic, or potentially 
corrosive, for certain applications. Further, a pH of 7.0 may 
be associated With plug recess issues. Thus, While slurries A 
and C demonstrate good performance, slurry B at a pH of 3 
is preferred. Generally speaking, for the CMP slurries of this 
example, a pH of from about 2 to about 5 is acceptable, a pH 
of from about 2 to about 4 is preferred, and a pH of about 
3 is more preferred. 

EXAMPLE 4 

[0077] In Example 4, slurries A-E, of varied abrasive 
content, Were prepared and evaluated as to associated mate 
rial removal rates and Within Wafer non-uniformity percent 
ages achieved in the conventional CMP process described 
above. Slurry A Was prepared in the same manner as that 
described above for slurry B of Example 3. Slurry B Was 
prepared in the same manner With the exception that the type 
of abrasive employed Was a combination of fumed and 
colloidal silica, rather than simply colloidal abrasive. Each 
of the slurry compositions C and D Was prepared in the same 
manner, With the exceptions that the type of abrasive 
employed Was varied and that the reagent Was not chemi 
cally absorbed or absorbed, or at least partially absorbed or 
adsorbed, in situ, on the surface of the abrasive. That is, 
While slurry AWas prepared using a colloidal silica abrasive 
and slurry B Was prepared using a combination of fumed and 
colloidal silica abrasive, Wherein at least some of the col 
loidal silica abrasive had reagent at least partially absorbed 
or adsorbed in situ on its surface, slurries C and D of this 
example Were prepared using alumina, and fumed silica, 
respectively, instead. Neither alumina nor fumed silica abra 
sives absorb or adsorb any meaningful amount of the ferric 
nitrate reagent during the preparation of these slurries. 

[0078] Slurry E Was prepared largely in the manner 
described above, With the exceptions that prefabricated, or 
ex situ, iron-coated silica abrasive Was used as the abrasive 
component, and because the abrasive Was coated With iron, 
the separate ferric nitrate component used in slurries A-D 
Was not employed. For slurry E, the iron-coated silica Was 
prepared by taking Mirasol 3070 (Precision Colloids, LLC 
of Cartersville, Ga.), a commercially available aqueous 
solution of abrasive silica particles, and coating it With a 
cationic iron catalyst, such that about 25% of the surfaces of 
the silica particles Were coated, as described in the previ 
ously mentioned US. application Ser. No. 10/074,757 of 
Robert Small et al. The ?nal concentrations of the compo 
nents of the slurries Were 2 Wt. % periodic acid, 0.1 Wt. % 
ferric nitrate for slurries A-D, 3 Wt. % abrasive of variable 
type, and variable amounts of ammonia. 

[0079] Each of the slurries A-E Was used in the conven 
tional CMP process described above and evaluated in terms 
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of material removal rates and Within Wafer non-uniformity 
percentage. The tungsten removal rates and Within Wafer 
non-uniformity percentages, as Well as the TEOS removal 
rates and the abrasive particle siZes (in nanometers or nm), 
associated With slurries A-E are provided in Table 5 beloW. 

TABLE 5 

Slurries A-E of Example 4 

Tungsten 

WNU TEOS Particle size 

Slurry Abrasive RR (A/min) (%) RR (A/min) (nm) 

A Colloidal 3946 5.4 465 70 
Silica 

B Fumed and 4843 5.6 528 150 and 70 
Colloidal 
Silica 

C Alumina 3862 3.2 301 200 
D Fumed Silica 3797 11.0 149 150 
E Iron-Coated 3822 6.1 484 70 

Silica 

[0080] Generally, the results shoW that periodic acid and 
ferric nitrate can be successfully used in the CMP slurries of 
the present invention, regardless of the type of abrasive 
used. The results shoW very good tungsten removal rates 
using such CMP slurries. 

[0081] Slurry A, comprising colloidal silica abrasive, per 
formed Well in terms of the tungsten removal rate and the 
Within Wafer non-uniformity percentage. It is believed that 
the ferric nitrate absorbs or adsorbs Well on the colloidal 
silica abrasive to provide these desirable CMP results. Slurry 
B, comprising fumed silica in addition to colloidal silica (in 
about a 1:1 ratio), performed very Well in terms of the 
tungsten removal rate and Well in terms of the Within Wafer 
non-uniformity percentage. It is believed that the fumed 
silica component of slurry B is responsible for the increased 
removal rate relative to slurry A, as fumed silica is more 
abrasive than colloidal silica. 

[0082] Slurry C, having only an alumina abrasive, per 
formed fairly Well in terms of the tungsten removal rate, 
though not as Well as the colloidal silica-containing slurries 
A and B discussed above. Slurry D, having only a fumed 
silica abrasive, did not appear to be that effective, as 
demonstrated by the loWer tungsten removal rate and the 
higher Within Wafer non-uniformity percentage associated 
With that slurry. Normally, the polish rate increases With 
larger particle siZe. HoWever, in this example, for Slurry C 
and Slurry D, Which contained abrasive of larger particle 
siZe than that of Slurry A, the tungsten removal rate Was 
loWer than that for Slurry A. As discussed above, it is 
believed that iron, such as iron in the form of ferric nitrate, 
is absorbed by, or adsorbed on, colloidal silica to a greater 
extent than by, or on, fumed silica or alumina. It is believed 
that the higher tungsten removal rate associated With Slurry 
A is based on the greater iron absorption by, or adsorption 
on, colloidal silica. 

[0083] Slurry E, having an iron-coated silica abrasive, 
shoWed a loWer tungsten removal rate and a higher Within 
Wafer non-uniformity percentage relative to the colloidal 
silica-containing slurries A and B. It is believed that the iron 
associated With the ferric nitrate absorbed or adsorbed in situ 
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on the colloidal silica in slurries A and B is in a more active 
state, and thus, a more effective state, than the iron that is 
coated ex situ on the silica in the prefabricated coated 
abrasive of slurry E. 

[0084] In the present invention, a slurry having at least 
some colloidal silica for absorption of iron in a relatively 
active state, such as slurry A or slurry B, is preferred. A 
slurry having a combination of fumed silica and colloidal 
silica, such as slurry B, is preferred over a slurry having only 
a colloidal silica abrasive, such as slurry A, as colloidal silica 
tends to “glaze” the polishing pad, making it harder to 
control the CMP process. 

EXAMPLE 5 

[0085] In Example 5, slurry AWas prepared by combining 
a CMP abrasive composition, an oxidiZer composition, and 
DI Water, in a ratio of 1:2:2. Slurry B Was prepared in the 
same manner, With the exception that the ratio Was 1:15:25. 
The abrasive composition comprised 15 Wt. % colloidal 
silica, 0.5 Wt. % ferric nitrate, and 0.62 Wt. % nitric acid, and 
had a pH of 2. The oxidiZer composition comprised 5 Wt. % 
periodic acid, 1.5 Wt. % acetic acid, and 2.375 Wt. % 
tetramethylammoniumhydroxide (TMAH), and had a pH of 
3.8. The pH of both slurry A and slurry B Was 3.5. The ?nal 
concentrations of various components of slurry A Were as 
folloWs: 2 Wt. % periodic acid, 0.6 Wt % acetic acid, 0.95 Wt. 
% TMAH, and 3 Wt. % colloidal silica. The ?nal concen 
trations of various components of slurry B Were as folloWs: 
1.5 Wt. % periodic acid, 0.45 Wt % acetic acid, 0.71 Wt. % 
TMAH, and 3 Wt. % colloidal silica. 

[0086] Each of the slurries Was used in a conventional 
CMP process, as described in relation to Examples 1-4, With 
the exception that the CMP polisher Was an IPEC AVANTI 
472 polisher, commercially available from Novellus Sys 
tems, Inc. of San Jose, Calif. A production Wafer Was 
polished using slurry A. FIGS. 1A and 1B consist of SEM 
pictures of the center and the edge vias, respectively, of the 
production Wafer after polishing. The pictures shoW good 
?nishing, With good consistency from the center to the edge 
of the Wafer, minimal plug recesses, and no exposed “key 
holes.” A production Wafer polished using slurry B shoWed 
even loWer plug recesses. Typically, slurries using periodic 
acid as an oxidiZing agent and having a pH greater than 3 
have plug recesses of 600 to 1000 In this Example, much 
smaller plug recesses of 287 A and 199 A Were associated 
With Slurry A and Slurry B, respectively. 

EXAMPLE 6 

[0087] In Example 6, Slurry A of Example 5 Was used in 
a conventional CMP process, as described in relation to 
Example 5, With the exception that the process parameters 
included a table speed of 110 rpm, carrier speed of 100 rpm, 
a slurry ?oW rate of 150 ml/min, and in situ conditioning of 
the pad (or 6/0/110/100/150/in-situ, as abbreviated). The 
process Was carried out on 26 Wafers consecutively to 
determine stability. 

[0088] FIG. 2 is a graphical plot of the tungsten removal 
rate (see the vertical axis on the left) and the Within Wafer 
non-uniformity percentage (see the vertical axis on the right) 
for Wafers 1-26. The tungsten removal rate and Within Wafer 
non-uniformity percentages varied slightly over the 26-Wa 
fer test, the former varying only about 6%. 
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EXAMPLE 7 

[0089] In Example 7, slurry A of Example 5 Was used in 
process optimiZation and characteriZation studies. From 
process optimiZation studies, as depicted in the graphical 
plot of FIG. 3A, it Was determined that the 6/0/110/100/ 
150/in-situ process used in Example 6 Was preferable to a 
process in Which the only process parameter variation Was 
the use of ex situ conditioning of the CMP pad (6/0/110/ 
100/150/ex-situ), as the tungsten removal rate Was higher 
(comparatively, about 4800 vs. about 4200 A/min) and the 
Within Wafer non-uniformity percentage Was not signi? 
cantly higher (comparatively, about 15 vs. about 13.5 WNU 
%). It Was further determined that the 6/0/110/100/150/in 
situ process used in Example 6 Was preferable to a process 
in Which the only process parameter variations Were the use 
of a back pressure of 2 psi and the use of ex situ CMP 
conditioning (6/2/110/100/150/ex-situ), as the tungsten 
removal rate Was higher (comparatively, about 4800 vs. 
about 3950 A/min) and the Within Wafer non-uniformity 
percentage Was not signi?cantly higher (comparatively, 
about 15 vs. about 12 WNU %). 

[0090] From process characteriZation studies, it Was deter 
mined that When using slurry A of Example 5, the process 
could be controlled or tuned quite easily to obtain a desired 
tungsten removal rate and overall process. That is, as shoWn 
in FIG. 3B and FIG. 3C, process parameters such as the 
doWn-force pressure, the table or platen speed, and the slurry 
?oW rate, can be tuned to obtain a desirable tungsten 
removal rate, a desirable Within Wafer non-uniformity per 
centage, and a desirable table temperature. Preferably, the 
table temperature is maintained in a range of from about 40° 
C. to about 45° C. It is believed that slurry A of Example 5 
alloWs one to maintain an acceptable or relatively loW table 
temperature because the catalytic effect of the ferric nitrate 
in the slurry Works against excessive heat generation. In this 
regard, it is believed that slurries of the present invention, 
such as slurry Aof Example 5, react according to free radical 
generating reaction schemes, as discussed previously, that 
are associated With loWer activation energies than reaction 
schemes associated With other CMP slurries, such as normal 
redox reaction schemes. 

EXAMPLE 8 

[0091] In Example 8, a test Was performed to determine if 
the activity of the slurries of the present invention is for the 
most part attributable to ferric ions present in the system or 
to ferric ions that are at least partially linked to the abrasive 
component. 

[0092] In Step 1 of this test, a tungsten blanket Wafer from 
International Sematech of Austin, Tex. Was polished using a 
non-catalytic slurry A, comprising 2 Wt. % periodic acid and 
5 Wt. % colloidal silica, and a conventional CMP process, 
Wherein the process parameters included a doWn force 
pressure of 6 psi, no back pressure, a carrier speed of 70 rpm, 
a table speed of 110 rpm, a slurry How of 150 ml/min, and 
a clean IC1000 K groove/Suba IV polishing pad. In Step 2, 
the Wafer Was then polished in the same manner, but using 
a catalytic slurry B according to the present invention, 
comprising 2 Wt. % periodic acid, 5 Wt. % colloidal silica, 
and 0.1 Wt. % ferric nitrate at least partially absorbed or 
adsorbed on the colloidal silica, and using the polishing pad 
that had been previously used With slurry A, as just 
described. 
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[0093] In Step 3, the tWice-used polishing pad Was then 
soaked in a 10 Wt. % ferric nitrate solution for 2 hours. The 
Wafer Was then polished as in the manner described above, 
using the soaked pad and a non-catalytic slurry A described 
above. In Step 4, the thrice-used polishing pad Was then 
soaked in a 10 Wt. % ferric nitrate solution for 24 hours and 
air dried for 24 hours. The Wafer Was then polished as in the 
manner described above, using the dried polishing pad and 
a non-catalytic slurry A described above. Various details of 
the test and the resulting tungsten removal rates and Within 
Wafer non-uniformity percentages appear in Table 6 beloW. 

TABLE 6 

Details and Results of Example 8 

Ferric 
Nitrate Polishing Pad Tungston RR WNU 

Step Slurry in Slurry Condition (A/min) % 

1 A No Clean 2289 16.32 
2 B Yes Used in Step 1 3426 7.89 
3 A No Used in Steps 1 2269 15.29 

and 2; Soaked in 
10 Wt. % Fe(NO3) 
for 2 hours 

4 A No Used in Steps 1-3; 2067 15.30 
Soaked in 10 Wt. 

% Fe(NO3)3 for 24 
hours; Air Dried 
for 24 hours 

[0094] Generally, the results shoW that the catalytic slurry 
B of the present invention, With its catalyst-linked abrasive, 
is effective in the removal of tungsten (removal rate of 3426 
A/min) and provides a good Within Wafer non-uniformity 
percentage (7.89 WNU %). The performance of the non 
catalytic slurry A fell far short of the performance of the 
catalytic slurry B of the invention. Further, soaking the used 
pad, already conditioned With the catalytic slurry B from 
Step 2, With a fresh 10 Wt. % Fe(NO3)3 solution for 2 hours, 
provided no appreciably different results than the poor 
results obtained With the non-catalytic slurry A. Thus, it 
appears that supplying a fresh source of ferric ions to the 
polishing pad does not enhance polishing performance. Still 
further, soaking the used pad With a fresh 10 Wt. % Fe(NO3)3 
solution for a longer period of 24 hours, provided even 
Worse results than the poor results obtained With the shorter 
soaking. Thus, it appears that attempting to load the pad up 
With a fresh source of ferric ions is not bene?cial. 

[0095] It is believed that the impressive performance of 
the catalytic slurry B of the present invention is due to the 
activity of the catalyst that is at least partially absorbed or 
adsorbed in situ on the surface of the abrasive particles in the 
CMP process. More particularly, it is believed that rather 
than simply serving as a source of active ions, such as ferric 
ions, that may participate in the polishing process, the 
catalyst is involved in a reaction that generates free radicals 
that assist or enhance the polishing process. 

[0096] In CMP processes, and particularly modern or 
advanced CMP processes, it is desirable to obtain acceptable 
or optimal, such as increased, material removal rates While 
using acceptable or optimal, such as not unduly high, carrier 
pressures. In the CMP of tungsten-layered Wafers, a good 
carrier pressure is about 9 psi or less, such as about 6 psi, and 
a good outcome at a pressure oof about 6 psi is a removal rate 
of greater than about 3000 A/min, such as a removal rate 
approaching 5000 A/min. In the CMP of copper-layered 
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Wafers, a good carrier pressure is about 9 psi or less, such as 
about 4 psi, and a good outcome at a pressure of about 4 psi 
is a removal rate of greater than about 7500 A/min. Further, 
obtaining polished Wafers With uniformity values of from 
about 3 to about 12 WNU % percent is considered a good 
result. 

[0097] While the foregoing examples of process param 
eters, outcomes and results are often desirable, other suitable 
parameters, outcomes and results are contemplated herein. It 
should be noted that While there is a general preference for 
compositions that provide high removal rates, other factors, 
such as good uniformity values (for example, loW WNU %), 
ef?cient use of oxidiZer, and good storage and handling 
characteristics, are also important considerations in the 
evaluation of a composition of the present invention. For 
example, slurry compositions of the present invention func 
tion best When the catalyst-linked abrasive component is 
relatively, if not substantially, stable. Catalyst stability is a 
desirable characteristic in the slurry compositions of the 
present invention, as it facilitates control of the CMP pro 
cess. 

[0098] As demonstrated herein, the slurry compositions of 
the present invention may be used in CMP processes to 
obtain desirable material removal rates and Within Wafer 
non-uniformity values. Merely by Way of example, the 
composition may be used in the CMP of a substrate surface 
having a feature, layer or ?lm thereon, such as a ?lm of 
aluminum, copper, titanium, tungsten, an alloy thereof, or 
any combination thereof. The composition may also be used 
in the CMP of a substrate surface having a feature comprised 
of ruthenium, an oxide of ruthenium, platinum, or any 
combination thereof. Further by Way of example, the com 
position may be used in the CMP of such a substrate surface, 
Where the ?lm has an adjacent or an underlying feature, 
layer or ?lm, such as a ?lm of tantalum, tantalum nitride, 
titanium, titanium nitride, titanium tungsten, tungsten, and 
any combination thereof. 

[0099] Accordingly, the present invention includes a 
method of polishing a substrate surface having at least one 
feature thereon that comprises a metal, such as metal or 
metal alloy feature. The substrate undergoing polishing may 
be any suitable substrate, such as any of the substrates 
described herein. According to the method of the invention, 
a composition of the invention is provided and the feature on 
the substrate surface is polished. The polishing is chemical 
mechanical polishing, such as that associated With any 
conventional or knoWn CMP process, any suitable later 
developed CMP process, or any CMP process described 
herein. The polishing process parameters may be any suit 
able parameters, such as any of the parameters described 
herein. For example, the carrier pressure applied to the 
substrate surface, or the feature thereon, may be from about 
1 to about 6 psi. 

[0100] Generally, the polishing of the substrate surface 
continues until the targeted feature or layer is substantially 
coplanar With surrounding material, such as an oxide mate 
rial, on the substrate. For example, the polishing of a 
metal-featured substrate may continue until any metal 
excess is suf?ciently removed to provide a substantially 
uniform pro?le across the substrate surface. By Way of 
example, suitable surface uniformity (typically measured 
using knoWn Wafer pro?ling techniques) is re?ected by 
Within Wafer non-uniformity percentages of less than about 
12%, and preferably, from about 4% to about 6%, and more 
preferably, even less than 4%, the loWer values typically 
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re?ecting better process control. Appropriate Within Wafer 
non-uniformity values may vary depending on the charac 
teristics of the CMP process and the substrates undergoing 
polishing. 
[0101] The inventive method may be used to remove 
targeted material, such as metal or metal alloy, from the 
substrate surface at a rate of from about 100 to about 6,000 
or about 8,000 or about 10,000 or to even about 15,000 
A/min. The present method may be used to provide a 
polished substrate surface of good uniformity, such as a 
substrate surface having from about Zero to about 40 per 
cent, preferably, from about Zero to about 12 percent, or 
more preferably, from about Zero to about 10 or even about 
6 or about 4 percent, Within Wafer non-uniformity. Further, 
the present method may be used to provide a polished 
substrate surface Wherein any micro-scratch on the surface 
that is associated With the polishing is less than about 20 A. 
The present invention further encompasses a substrate pro 
duced by the inventive method, including any of the sub 
strates described herein, and any of the substrates having any 
of the qualities, such as desirable uniformity values and 
surface characteristics, described herein. 

[0102] Various aspects and features of the present inven 
tion have been eXplained or described in relation to beliefs 
or theories, although it Will be understood that the invention 
is not bound to any particular belief or theory. Further, 
although the various aspects and features of the present 
invention have been described With respect to preferred 
embodiments and speci?c eXamples herein, it Will be under 
stood that the invention is entitled to protection Within the 
full scope of the appended claims. 

1. A composition for chemical-mechanical polishing, 
comprising: 

at least one oXidiZing agent; 

at least one abrasive; and 

at least one Fenton’s reagent capable of reacting With the 
oXidiZing agent to activate free radicals. 

2. The composition of claim 1, Wherein the oXidiZing 
agent comprises a per compound. 

3. The composition of claim 1, Wherein the oXidiZing 
agent is selected from a group consisting of periodic acid, a 
peroXide, and any combination thereof. 

4. The composition of claim 1, Wherein the oXidiZing 
agent is selected from a group consisting of a hydroperoXide, 
a hydrogen peroxide, and any combination thereof. 

5. The composition of claim 1, Wherein the oXidiZing 
agent is in an amount of from about 0.01 to about 30 Weight 
percent relative to the composition. 

6. The composition of claim 1, Wherein the oXidiZing 
agent is in an amount of from about 0.01 to about 10 Weight 
percent relative to the composition. 

7. The composition of claim 1, Wherein the oXidiZing 
agent is in an amount of from about 0.01 to about 6 Weight 
percent relative to the composition. 

8. The composition of claim 1, Wherein the at least one 
abrasive comprises a metal oxide. 

9. The composition of claim 1, Wherein the at least one 
abrasive comprises a material selected from a group con 
sisting of alumina, ceria, germania, silica, spinel, titania, an 
oXide of tungsten, Zirconia, and any combination thereof. 

10. The composition of claim 1, Wherein the at least one 
abrasive comprises a metal oXide produced by a process 
selected from a group consisting of a sol-gel process, a 
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hydrothermal process, a hydrolytic process, a plasma pro 
cess, a fuming process, a precipitation process, and any 
combination thereof. 

11. The composition of claim 1, Wherein the at least one 
abrasive comprises a resinous abrasive. 

12. The composition of claim 1, Wherein the at least one 
abrasive comprises a material selected from a group con 
sisting of a polyacrylic acid, a polymethylacrylic acid, a 
polymelamine, a particle of an ion eXchange resin, and any 
combination thereof. 

13. The composition of claim 1, Wherein the at least one 
abrasive comprises a plastic abrasive. 

14. The composition of claim 1, Wherein the at least one 
abrasive comprises a material selected from a group con 
sisting of a polyacrylic acid, a polymethylacrylic acid, a 
polyvinyl alcohol, and any combination thereof. 

15. The composition of claim 1, Wherein the Fenton’s 
reagent comprises a metal selected from a group consisting 
of metals in Group 1 (b) and Group 8. 

16. The composition of claim 1, Wherein the Fenton’s 
reagent comprises a metal selected from a group consisting 
of iron, copper, silver, and any combination thereof. 

17. The composition of claim 1, Wherein the Fenton’s 
reagent comprises a metal selected from a group consisting 
of iron, copper, and any combination thereof. 

18. The composition of claim 1, Wherein the Fenton’s 
reagent comprises a material selected from a group consist 
ing of a metal oXide, a metal acetate, a source of ionic metal, 
and any combination thereof. 

19. The composition of claim 1, Wherein the Fenton’s 
reagent is substantially insoluble in the composition. 

20. The composition of claim 1, Wherein the Fenton’s 
reagent is at least partially linked to the abrasive. 

21. The composition of claim 1, Wherein the at least one 
abrasive and the Fenton’s reagent together are in an amount 
of from about 0.01 to about 25 Weight percent relative to the 
composition. 

22. The composition of claim 1, Wherein the at least one 
abrasive and the Fenton’s reagent together are in an amount 
of from about 0.01 to about 10 Weight percent relative to the 
composition. 

23. The composition of claim 1, Wherein the at least one 
abrasive and the Fenton’s reagent together are in an amount 
of from about 0.01 to about 5 Weight percent relative to the 
composition. 

24. The composition of claim 20, further comprising at 
least one other abrasive that is free of a Fenton’s reagent. 

25. The composition of claim 24, Wherein the other 
abrasive is in an amount of from about 0.01 to about 30 
Weight percent relative to the composition. 

26. The composition of claim 24, Wherein the other 
abrasive is in an amount of from about 0.01 to about 20 
Weight percent relative to the composition. 

27. The composition of claim 24, Wherein the other 
abrasive is in an amount of from about 0.01 to about 10 
Weight percent relative to the composition. 

28. The composition of claim 1, further comprising an 
additive selected from a group consisting of a polish 
enhancement agent, a compleXing agent, a stabiliZation 
agent, a surfactant, a dispersion agent, a pH-adjusting agent, 
and any combination thereof. 

29. The composition of claim 28, Wherein the additive is 
present in an amount of from about 0.001 to about 2 Weight 
percent relative to the composition. 
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30. The composition of claim 1, wherein a pH level of the 
composition is from about 2 to about 7. 

31. The composition of claim 1, Wherein a pH level of the 
composition is from about 2.5 to about 4.5. 

32. The composition of claim 1, Wherein the oxidizing 
agent is present in a prepared composition that lacks a 
Fenton’s reagent. 

33. The composition of claim 1, the composition sufficient 
for chemical-mechanical polishing of a substrate surface 
having a feature thereon comprising a ?rst material selected 
from a group consisting of aluminum, copper, titanium, 
tungsten, any alloy thereof, and any combination thereof. 

34. The composition of claim 33, the composition suffi 
cient for chemical-mechanical polishing of the substrate 
surface comprising a second material adjacent the feature, 
the second material selected from a group consisting of 
tantalum, tantalum nitride, titanium, titanium nitride, tita 
nium tungsten, tungsten, and any combination thereof. 

35. A composition for chemical-mechanical polishing, 
comprising: 

at least one oXidiZing agent comprising periodic acid; 

at least one abrasive; and 

at least one Fenton’s reagent capable of reacting With the 
oXidiZing agent to activate free radicals. 

36. The composition of claim 35, Wherein the oXidiZing 
agent is in an amount of from about 0.01 to about 30 Weight 
percent relative to the composition. 

37. The composition of claim 35, Wherein the at least one 
abrasive comprises a material selected from a group con 

sisting of alumina, ceria, germania, silica, spinel, titania, an 
oXide of tungsten, Zirconia, and any combination thereof. 

38. The composition of claim 35, Wherein the at least one 
abrasive comprises silica selected from a group consisting of 
colloidal silica or a combination of colloidal silica and 
fumed silica. 

39. The composition of claim 35, Wherein the Fenton’s 
reagent comprises a metal selected from a group consisting 
of metals in Group 1 (b) and Group 8. 

40. The composition of claim 35, Wherein the Fenton’s 
reagent comprises a metal selected from a group consisting 
of iron, copper, silver, and any combination thereof. 

41. The composition of claim 35, Wherein the Fenton’s 
reagent comprises a metal selected from a group consisting 
of iron, copper, and any combination thereof. 

42. The composition of claim 35, Wherein the Fenton’s 
reagent comprises a material selected from a group consist 
ing of a metal oXide, a metal acetate, a source of ionic metal, 
and any combination thereof. 

43. The composition of claim 35, Wherein the Fenton’s 
reagent is at least partially linked to the abrasive. 

44. The composition of claim 35, Wherein the at least one 
abrasive and the Fenton’s reagent together are in an amount 
of from about 0.01 to about 25 Weight percent relative to the 
composition. 

45. The composition of claim 35, Wherein a pH level of 
the composition is from about 2 to about 7. 

46. A method of polishing a substrate surface having at 
least one feature thereon comprising a metal, comprising: 

providing the composition of any one of claims 1 and 35; 
and 
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chemical-mechanical polishing the feature With the com 
position. 

47. The method of claim 46, Wherein said providing 
comprises combining the at least one abrasive and the at 
least one Fenton’s reagent, With a prepared composition 
comprising the oXidiZing agent. 

48. The method of claim 46, Wherein the metal is selected 
from a group consisting of aluminum, copper, titanium, 
tungsten, any alloy thereof, ruthenium, an oXide of ruthe 
nium, platinum, and any combination thereof. 

49. The method of claim 46, Wherein the feature is 
adjacent a material selected from a group consisting of 
tantalum, tantalum nitride, titanium, titanium nitride, tita 
nium tungsten, tungsten, and any combination thereof. 

50. The method of claim 46, Wherein the chemical 
mechanical polishing comprises applying a pressure of from 
about 1 to about 6 pounds per square inch to the feature. 

51. The method of claim 46, said method sufficient to 
remove the metal at a rate of from about 100 to about 15,000 
A per minute. 

52. The method of claim 46, said method sufficient to 
remove the metal at a rate of from about 100 to about 10,000 
A per minute. 

53. The method of claim 46, said method sufficient to 
provide the substrate surface at from about Zero to about 40 
percent Within Wafer non-uniformity. 

54. The method of claim 46, said method sufficient to 
provide the substrate surface at from about Zero to about 12 
percent Within Wafer non-uniformity. 

55. The method of claim 46, said method sufficient to 
provide the substrate surface at from about Zero to about 7 
percent Within Wafer non-uniformity. 

56. The method of claim 46, said method sufficient to 
provide the substrate surface Wherein any micro-scratch 
thereon produced during the chemical-mechanical polishing 
is less than about 20 

57. A substrate having a surface comprising at least one 
feature thereon comprising a metal, said substrate produced 
by the method of claim 46. 

58. The substrate of claim 46, Wherein the metal is 
selected from a group consisting of aluminum, copper, 
titanium, tungsten, any alloy thereof, ruthenium, an oXide of 
ruthenium, platinum, and any combination thereof. 

59. The substrate of claim 46, Wherein the feature is 
adjacent a material selected from a group consisting of 
tantalum, tantalum nitride, titanium, titanium nitride, tita 
nium tungsten, tungsten, and any combination thereof. 

60. The substrate of claim 46, the substrate surface having 
from about Zero to about 40 percent Within Wafer non 
uniformity. 

61. The substrate of claim 46, the substrate surface having 
from about Zero to about 12 percent Within Wafer non 
uniformity. 

62. The substrate of claim 46, the substrate surface having 
from about Zero to about 7 percent Within Wafer non 
uniformity. 

63. The substrate of claim 46, Wherein any micro-scratch 
on the substrate surface produced during the chemical 
mechanical polishing is less than about 20 


