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(57) ABSTRACT 

The present invention is a ?rst CMP slurry including an 
abrasive, an oxidizing agent, a complexing agent, a ?lm 
forming agent and an organic amino compound, a second 
polishing slurry including an abrasive, an oxidizing agent, 
and acetic acid Wherein the Weight ratio of the oxidizing 
agent to acetic acid is at least 10 and a method for using the 
?rst and second polishing slurries sequentially to polish a 
substrate containing copper and containing tantalum or 
tantalum nitride or both tantalum and tantalum nitride. 
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CHEMICAL MECHANICAL POLISHING SLURRY 
USEFUL FOR COPPER/TANTALUM SUBSTRATES 

BACKGROUND OF THE INVENTION 

[0001] (1) Field of the Invention 

[0002] This invention concerns chemical mechanical pol 
ishing slurries that are useful When used in sequence for 
polishing a substrate including a copper portion and a 
tantalum portion. The invention includes a ?rst chemical 
mechanical polishing slurry including an abrasive, an oxi 
diZing agent, a complexing agent and at least one organic 
amino compound. The invention also includes a second 
chemical mechanical polishing slurry including an abrasive, 
an oxidiZing agent and a complexing agent Where the Weight 
ratio of oxidiZing agent to complexing agent is greater than 
15. This invention also includes a method for using the ?rst 
and second chemical mechanical polishing slurries to 
sequentially polish a substrate including a copper portion 
and a tantalum portion. 

[0003] (2) Description of the Art 

[0004] Integrated circuits are made up of millions of active 
devices formed in or on a silicon substrate. The active 
devices, Which are initially isolated from one another, are 
interconnected to form functional circuits and components. 
The devices are interconnected through the use of multilevel 
interconnections. Interconnection structures normally have a 
?rst layer of metalliZation, an interconnection layer, a sec 
ond level of metalliZation, and sometimes a third and 
subsequent level of metalliZation. Interlevel dielectrics such 
as doped and undoped silicon dioxide (SiOZ), or lOW-K 
dielectrics tantalum nitride are used to electrically isolate the 
different levels of metalliZation in a silicon substrate or Well. 
The electrical connections betWeen different interconnection 
levels are made through the use of metalliZed vias. U.S. Pat. 
No. 5,741,626, Which is incorporated herein by reference, 
describes a method for preparing dielectric tantalum nitride 
layers. 

[0005] In a similar manner, metal contacts are used to form 
electrical connections betWeen interconnection levels and 
devices formed in a Well. The metal vias and contacts may 
be ?lled With various metals and alloys including titanium 
(Ti), titanium nitride (TiN), tantalum (Ta), aluminum copper 
(Al—Cu), aluminum silicon (Al—Si), copper (Cu), tungsten 
(W), and combinations thereof. The metal vias and contacts 
generally employ an adhesion layer such as titanium nitride 
(TiN), titanium (Ti), Tantalum (Ta), Tantalum nitride (TaN) 
or combinations thereof to adhere the metal layer to the SiO2 
substrate. At the contact level, the adhesion layer acts as a 
diffusion barrier to prevent the ?lled metal and SiO2 from 
reacting. 

[0006] In one semiconductor manufacturing process, met 
alliZed vias or contacts are formed by a blanket metal 
deposition folloWed by a chemical mechanical polish (CMP) 
step. In a typical process, via holes are etched through an 
interlevel dielectric (ILD) to interconnection lines or to a 
semiconductor substrate. Next, a thin adhesion layer such as 
tantalum nitride and/or tantalum is generally formed over 
the ILD and is directed into the etched via hole. Then, a 
metal ?lm is blanket deposited over the adhesion layer and 
into the via hole. Deposition is continued until the via hole 
is ?lled With the blanket deposited metal. Finally, the excess 
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metal is removed by chemical mechanical polishing, (CMP) 
to form metal vias. Processes for manufacturing and/or CMP 
of vias are disclosed in US. Pat. Nos. 4,671,851, 4,910,155 
and 4,944,836. 

[0007] In a typical chemical mechanical polishing process, 
the substrate is placed in direct contact With a rotating 
polishing pad. Acarrier applies pressure against the backside 
of the substrate. During the polishing process, the pad and 
table are rotated While a doWnWard force is maintained 
against the substrate back. An abrasive and chemically 
reactive solution, commonly referred to as a “slurry” is 
applied to the pad during polishing. The slurry initiates the 
polishing process by chemically reacting With the ?lm being 
polished. The polishing process is facilitated by the rota 
tional movement of the pad relative to the substrate as slurry 
is provided to the Wafer/pad interface. Polishing is continued 
in this manner until the desired ?lm on the insulator is 
removed. The slurry composition is an important factor in 
the CMP step. Depending on the choice of the oxidiZing 
agent, the abrasive, and other useful additives, the polishing 
slurry can be tailored to provide effective polishing to metal 
layers at desired polishing rates While minimiZing surface 
imperfections, defects and corrosion and erosion. Further 
more, the polishing slurry may be used to provide controlled 
polishing selectivities to other thin-?lm materials used in 
current integrated circuit technology such as titanium, tita 
nium nitride, tantalum, tantalum nitride, and the like. 

[0008] Typically CMP polishing slurries contain an abra 
sive material, such as silica or alumina, suspended in an 
oxidiZing, aqueous medium. For example, U.S. Pat. No. 
5,244,534 to Yu et al. reports a slurry containing alumina, 
hydrogen peroxide, and either potassium or ammonium 
hydroxide that is useful to remove tungsten at predictable 
rates With little removal of the underlying insulating layer. 
US. Pat. No. 5,209,816 to Yu et al. discloses a slurry 
comprising perchloric acid, hydrogen peroxide and a solid 
abrasive material in an aqueous medium that is useful for 
polishing aluminum. U.S. Pat. No. 5,340,370 to Cadien and 
Feller discloses a tungsten polishing slurry comprising 
approximately 0.1M potassium ferricyanide, approximately 
5 Weight percent silica and potassium acetate. Acetic acid is 
added to buffer the pH at approximately 3.5. 

[0009] US. Pat. No. 4,789,648 to Beyer et al. discloses a 
slurry formulation using alumina abrasives in conjunction 
With sulfuric, nitric, and acetic acids and deioniZed Water. 
US. Pat. Nos. 5,391,258 and 5,476,606 disclose slurries for 
polishing a composite of metal and silica Which includes an 
aqueous medium, abrasive particles and an anion Which 
controls the rate of silica removal. Other polishing slurries 
for use in CMP applications are described in Us. Pat. No. 
5,527,423 to Neville et al., U.S. Pat. No. 5,354,490 to Yu et 
al., U.S. Pat. No. 5,340,370 to Cadien et al., U.S. Pat. No. 
5,209,816 to Yu et al., US. Pat. No. 5,157,876 to Medellin, 
US. Pat. No. 5,137,544 to Medellin, and US. Pat. No. 
4,956,313 to Cote et al. 

[0010] There are various mechanisms disclosed in the 
prior art by Which metal surfaces can be polished With 
slurries. The metal surface may be polished using a slurry in 
Which a surface ?lm is not formed in Which case the process 
proceeds by mechanical removal of metal particles and their 
dissolution in the slurry. In such a mechanism, the chemical 
dissolution rate should be sloW in order to avoid Wet etching. 
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A more preferred mechanism is, however, one Where a thin 
abradable layer is continuously formed by reaction betWeen 
the metal surface and one or more components in the slurry 
such as a compleXing agent and/or a ?lm forming layer. The 
thin abradable layer is then removed in a controlled manner 
by mechanical action. Once the mechanical polishing pro 
cess has stopped a thin passive ?lm remains on the surface 
and controls the Wet etching process. Controlling the chemi 
cal mechanical polishing process is much easier When a 
CMP slurry polishes using this mechanism. 

[0011] Current copper containing substrates that are pol 
ished using chemical mechanical polishing also use Ta and 
TaN adhesion layers. Ta and TaN are chemically very 
passive and mechanically very hard and thus dif?cult to 
remove by polishing. The use of a single slurry, Which 
performs With a high CuzTa selectivity demand prolonged 
polishing times for Ta, i.e. a signi?cant overpolishing times 
for copper, during Which there is a signi?cant degradation of 
dishing and erosion performance. 

[0012] Several relevant Cu chemistries have been dis 
cussed in the open literature, each failing to deliver a process 
Which successfully addresses all of the key requirements of 
a chemical-mechanical polishing slurry useful for a substrate 
including both copper and tantalum. As a result, there is a 
need for one or more CMP slurries that can be used 

successfully to polish copper and tantalum containing sub 
strates. 

SUMMARY OF THE INVENTION 

[0013] The present invention is directed to a ?rst chemical 
mechanical polishing slurry that is able to selectively polish 
the copper portion of a copper and tantalum or tantalum 
nitride containing substrate. 

[0014] The present invention is also directed to a second 
chemical mechanical polishing slurry that is able to selec 
tively polishing the tantalum and/or tantalum nitride portion 
of a copper and tantalum and/or tantalum nitride containing 
substrate. 

[0015] Furthermore, this invention is directed to methods 
for sequentially using a ?rst and second chemical mechani 
cal polishing slurry to polish a substrate including a copper 
portion and a tantalum and/or tantalum nitride portion. 

[0016] Another aspect of this invention are ?rst and sec 
ond chemical mechanical polishing slurry precursors that 
lack an oXidiZing agent and that are separately combined 
With an oXidiZing agent prior to use to give a useful CMP 
slurries. 

[0017] This invention is a ?rst chemical mechanical pol 
ishing slurry. The ?rst chemical mechanical polishing slurry 
comprising at least one abrasive, at least one oXidiZing 
agent, at least one compleXing agent, and at least one organic 
amino compound. A preferred embodiment of the ?rst 
polishing slurry is a composition comprising alumina, at 
least one oXidiZing agent, tartaric acid, benZotriaZole, and at 
least one organic amino compound. 

[0018] This invention also includes a second chemical 
mechanical polishing slurry comprising at least one abra 
sive, at least one oXidiZing agent, and acetic acid Wherein the 
Weight ratio of oXidiZing agent to acetic acid is greater than 
about 10. A preferred embodiment of the second chemical 
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mechanical polishing slurry is a composition comprising an 
aqueous dispersion of alumina, hydrogen peroxide, from 
about 0.01 to about 3.0 Wt % acetic acid, and from about 
0.01 to about 0.2 Wt % benZotriaZole Wherein the Weight 
ratio of oXidiZing agent to acetic acid is greater than about 
10, and Wherein the slurry has a pH of from about 4 to about 
9. 

[0019] This invention is also a method for polishing a 
substrate including a copper portion and a portion selected 
from tantalum or tantalum nitride. The method includes 
applying a ?rst aqueous chemical mechanical polishing 
slurry comprising at least one abrasive, at least one oXidiZing 
agent, at least one compleXing agent, and at least one organic 
amino compound to the substrate. Aportion of the copper is 
removed from the substrate by bringing a pad into contact 
With the substrate and moving the pad in relation to the 
substrate to give a partially polished substrate. A second 
slurry is applied to the partially polished substrate. The 
second chemical mechanical polishing slurry comprises at 
least one abrasive, at least one oXidiZing agent, and acetic 
acid Wherein the Weight ratio of oXidiZing agent to acetic 
acid is greater than about 10. At least a portion of the 
tantalum or tantalum nitride is removed from the partially 
polished substrate by bringing a pad into contact With the 
substrate and thereafter moving the pad in relation to the 
substrate to give a polished substrate. 

DESCRIPTION OF THE CURRENT 
EMBODIMENT 

[0020] The present invention relates to tWo chemical 
mechanical polishing slurries and to a method for using both 
slurries to sequentially polish a substrate including a copper 
portion and a tantalum or tantalum nitride portion at accept 
able rates and With very feW defects. Besides being used in 
combination to polish a copper and tantalum containing 
substrate, the ?rst chemical mechanical polishing slurry may 
be used to polish a copper or copper alloy containing 
substrate, and the second polishing slurry can be used to 
polish a tantalum or tantalum nitride containing substrate. 

[0021] Before describing the details of the various pre 
ferred embodiments of this invention, some of the terms that 
are used herein Will be de?ned. The chemical mechanical 
polishing slurry, (“CMP slurry”), is a useful product of this 
invention that comprises an oXidiZer, an abrasive, a com 
pleXing agent, an organic amino compound, and other 
optional ingredients. The CMP slurry is useful for polishing 
a multiple level metalliZation Which may include but are not 
limited to semi-conductor thin-?lms, integrated circuit thin 
?lms, and for any other ?lms and surfaces Where CMP 
processes are useful. 

[0022] The terms “copper” and “copper containing alloys” 
are used interchangeably herein as it is Within the under 
standing of one of skill in the art that the terms include but 
are not limited to substrates comprising layers of pure 
copper, copper aluminum alloys, and Ti/TiN/Cu, and 
Ta/TaN/Cu multi-layer substrates. 

[0023] The terms “tantalum” and “tantalum containing 
alloys” are used interchangeably herein to refer to the 
tantalum and/or tantalum nitride adhesion layer under the 
conductive layer such as a conductive copper layer. 

[0024] The ?rst chemical mechanical polishing slurry is 
useful for polishing metals, especially copper and copper 
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alloy containing metal layers associated With a substrate 
selected from the group including integrated circuits, thin 
?lms, multiple level semiconductors, and Wafers. 

I. The First Chemical Mechanical Polishing Slurry 

[0025] The ?rst CMP slurry is most useful for polishing 
the copper portion of a copper containing substrate of high 
rates. The ?rst chemical mechanical polishing slurry may be 
useful for polishing other metal layers besides copper. 

[0026] The ?rst CMP slurry includes at least one oxidiZing 
agent. The oxidiZing agent aids in oxidiZing the substrate 
metal layer or layers to their corresponding oxide, hydrox 
ide, or ions. For example, in the ?rst CMP slurry, the 
oxidiZer may be used to oxidiZe a metal layer to its corre 
sponding oxide or hydroxide, e.g., titanium to titanium 
oxide, tungsten to tungsten oxide, copper to copper oxide, 
and aluminum to aluminum oxide. The oxidiZing agent is 
useful When incorporated into the ?rst CMP slurry to polish 
metals and metal based components including titanium, 
titanium nitride, tantalum, copper, tungsten, aluminum, and 
aluminum alloys such as aluminum/copper alloys, and vari 
ous mixtures and combinations thereof by mechanically 
polishing the metals to remove the respective oxide layer. 

[0027] The oxidiZing agents used in the ?rst CMP slurry 
of this invention are one or more inorganic or organic 
per-compounds. A per-compound as de?ned by Hawley’s 
Condensed Chemical Dictionary is a compound containing 
at least one peroxy group (—O—O—) or a compound 
containing an element in its highest oxidation state. 
Examples of compounds containing at least one peroxy 
group include but are not limited to hydrogen peroxide and 
its adducts such as urea hydrogen peroxide and percarbon 
ates, organic peroxides such as benZyl peroxide, peracetic 
acid, and di-t-butyl peroxide, monopersulfates (505:), 
dipersulfates (SO2O8:), and sodium peroxide. 

[0028] Examples of compounds containing an element in 
its highest oxidation state include but are not limited to 
periodic acid, periodate salts, perbromic acid, perbromate 
salts, perchloric acid, perchloric salts, perboric acid, and 
perborate salts and permanganates. Examples of non-per 
compounds that meet the electrochemical potential require 
ments include but are not limited to bromates, chlorates, 
chromates, iodates, iodic acid, and cerium (IV) compounds 
such as ammonium cerium nitrate. 

[0029] Preferred oxidiZing agents are peracetic acid, urea 
hydrogen peroxide, hydrogen peroxide, monopersulfuric 
acid, dipersul?ric acid, salts thereof, and mixtures thereof 
including mixtures of urea and hydrogen peroxide. A most 
preferred oxidiZing agent is the combination of hydrogen 
peroxide and urea. 

[0030] The oxidiZing agent may be present in the ?rst 
chemical mechanical polishing slurry in an amount ranging 
from about 0.3 to about 30.0 Weight percent. It is preferred 
that the oxidiZing agent is present in the ?rst CMP slurry of 
this invention in an amount ranging from about 0.3 to about 
17.0 Weight percent and most preferably from about 0.5 to 
about 12.0 Weight percent. 

[0031] An optional oxidiZing agent is urea hydrogen per 
oxide. Because urea hydrogen peroxide is 34.5 Wt % hydro 
gen peroxide and 65.5 Wt % urea, a greater amount by 
Weight of urea hydrogen peroxide must be included in the 
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?rst CMP slurry to achieve the desired oxidiZer loading set 
forth above. For example, a range of 0.5 to 12.0 Weight 
percent oxidiZing agent corresponds to a urea hydrogen 
peroxide Weight three times as great or from 1.5 to 36.0 
Weight percent. 
[0032] A ?rst CMP slurry comprising urea hydrogen per 
oxide can be formulated by a number of methods including 
combining urea peroxide With Water, and by combining urea 
and hydrogen peroxide in an aqueous solution in a mole ratio 
range of from about 0.75:1 to about 2:1 to give a urea 
hydrogen peroxide oxidiZer. 

[0033] The ?rst CMP slurry of this invention forms a 
passivation layer on the substrate surface. Once a passiva 
tion layer is formed, it becomes important to be able to 
disturb the passivation layer in order to more easily abrade 
metal oxides from the substrate surface With the abrasive 
component of the ?rst CMP slurry. One class of compounds 
that is included in the ?rst CMP slurry for disturbing the 
passivation layer are complexing agents. Useful complexing 
agents include but are not limited to acids such as citric, 
lactic, malonic, tartaric, succinic, acetic, oxalic, and other 
acids, as Well as amino acid and amino sulfuric acids, 
phosphoric acids, phosphonic acids, and their salts. A pre 
ferred ?rst CMP slurry complexing agent is tartaric acid. 

[0034] The complexing agent Will be present in the ?rst 
CMP slurry in an amount ranging from about 0.2 to about 
5.0 Weight present and preferably in an amount ranging from 
about 0.5 to about 3.0 Weight percent. 

[0035] The ?rst CMP slurry of this invention Will include 
at least one organic amino compound. The organic amino 
compounds absorb on the polished substrate and inhibit the 
substrate material removal rate. Organic amino compounds 
useful in the ?rst CMP slurry include alkylamines, alcohol 
amines, amino acids, urea, derivatives of urea, and mixtures 
thereof. Preferred organic amino compounds are long chain 
alkylamines and alcoholamines. The term “long chain alky 
lamines” refers to alkylamines having from 7 to 12 or more 
carbon atoms including, for example, nonylamine and dode 
cylamine. Examples of useful alcoholamines include, but are 
not limited to monoethanolamine, and triethanolamine. 
Examples of useful derivatives of urea include, but are not 
limited to biurea. A preferred organic amino compound is 
the long chain alklyamine, dodecylamine. A preferred alco 
holamine is triethanolamine. 

[0036] The organic amino compound should be present in 
the ?rst CMP slurry in an amount ranging from about 0.005 
to about 10.0 Weight percent. More preferably, the organic 
amino compound is present in the ?rst CMP slurry in an 
amount ranging from about 0.01 to about 5.0 Weight percent. 

[0037] The ?rst CMP slurry of this invention may include 
an optional ?lm forming agent. The ?lm forming agent may 
be any compound or mixtures of compounds that are capable 
of facilitating the formation of a passivation layer of metal 
oxides and dissolution inhibiting layers on the surface of the 
metal layer. Passivation of the substrate surface layer is 
important to prevent Wet etching of the substrate surface. 
Useful ?lm forming agents are nitrogen containing cyclic 
compounds such as imidaZole, benZotriaZole, benZimidaZole 
and benZothiaZole and their derivatives With hydroxy, 
amino, imino, carboxy, mercapto, nitro and alkyl substituted 
groups, as Well as urea, thiourea and others. Apreferred ?lm 
forming agent is benZotriaZole (“BTA”). 
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[0038] The optional ?lm forming agent may be present in 
the ?rst CMP slurry of this invention in an amount ranging 
from about 0.01 Weight percent to about 1.0 Weight percent. 
It is preferred that ?lm forming agent is present in the ?rst 
CMP slurry in an amount ranging from about 0.01 to about 
0.2 Weight percent. 

[0039] BTA, or other ?lm forming agents included in the 
?rst CMP slurry may destabiliZe the uniform dispersion of 
abrasive in the slurry. In order to stabiliZe the ?rst CMP 
slurry against settling, ?occulation, and decomposition, a 
variety of optional CMP slurry additives, such as surfactants, 
stabiliZers, or dispersing agents, can be used. If a surfactant 
is added to the ?rst CMP slurry, then it may be an anionic, 
cationic, nonionic, or amphoteric surfactant or a combina 
tion of tWo or more surfactants can be employed. Further 
more, it has been found that the addition of a surfactant may 
be useful to reduce the Within-Wafer-non-uniformity 
(WIWNU) of the Wafers, thereby improving the surface of 
the Wafer and reducing Wafer defects. 

[0040] In general, the amount of additive such as a sur 
factant that may be used in the ?rst CMP slurry should be 
sufficient to achieve effective stabiliZation of the slurry and 
Will typically vary depending on the particular surfactant 
selected and the nature of the surface of the metal oxide 
abrasive. For example, if not enough of a selected surfactant 
is used, it Will have little or no effect on ?rst CMP slurry 
stabiliZation. On the other hand, too much surfactant in the 
CMP slurry may result in undesirable foaming and/or ?oc 
culation in the slurry. As a result, stabiliZers such as surfac 
tants should generally be present in the slurry of this 
invention in an amount ranging from about 0.001% to about 
0.2% by Weight, and preferably from about 0.001 to about 
0.1 Weight percent. Furthermore, the additive may be added 
directly to the slurry or treated onto the surface of the metal 
oxide abrasive utiliZing knoWn techniques. In either case, 
the amount of additive is adjusted to achieve the desired 
concentration in the ?rst polishing slurry. Preferred surfac 
tants useful in the ?rst CMP slurry include dodecyl sulfate 
sodium salt, sodium lauryl sulfate, dodecyl sulfate ammo 
nium salt, and mixtures thereof. Examples of preferred 
surfactants include TRITON® DF-16 manufactured by 
Union Carbide, and SURFYNOL® manufactured by Air 
Products and Chemicals. 

[0041] It is desirable to maintain the pH of the ?rst CMP 
slurry of this invention Within a range of from about 2.0 to 
about 12.0, and preferably betWeen from about 4.0 to about 
8.0 in order to facilitate control of the CMP process. The pH 
of the CMP slurry of this invention may be adjusted using 
any knoWn acid, base, or amine. HoWever, the use of an acid 
or base that contains no metal ions, such as ammonium 
hydroxide and amines, or nitric, phosphoric, sulfuric, or 
organic acids are preferred to avoid introducing undesirable 
metal components into the ?rst CMP slurry. 

II. The Second Chemical Mechanical Polishing 
Slurry 

[0042] The second CMP slurry is formulated so that it 
exhibits a loW polishing rate toWards copper and a typical 
polishing rate toWards tantalum or tantalum nitride. It is 
preferred, therefore, that the second CMP slurry has a copper 
to tantalum polishing selectivity of less than about 2 to 1 and 
most preferably and less than about 1 to 5. 
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[0043] The second CMP slurry includes at least one oxi 
diZing agent. The oxidiZing agent aids in oxidiZing the 
substrate metal layer or layers to their corresponding oxide, 
hydroxide, or ions. For example, in the second CMP slurry, 
the oxidiZer may be used to oxidiZe a metal layer to its 
corresponding oxide or hydroxide, e.g., tantalum to tantalum 
oxide. The oxidiZing agent is useful When incorporated into 
the second CMP slurry to polish metals and metal based 
components including titanium, titanium nitride, tantalum, 
copper, tungsten, aluminum, and aluminum alloys such as 
aluminum/copper alloys, and various mixtures and combi 
nations thereof by mechanically polishing the metals With 
removal of the respective oxide layer. 

[0044] The oxidiZing agents used in the second CMP 
slurry of this invention are one or more inorganic or organic 
per-compounds. A per-compound as de?ned by Hawley’s 
Condensed Chemical Dictionary is a compound containing 
at least one peroxy group (—O—O—) or a compound 
containing an element in its highest oxidation state. 
Examples of compounds containing at least one peroxy 
group include but are not limited to hydrogen peroxide and 
its adducts such as urea hydrogen peroxide and percarbon 
ates, organic peroxides such as benZyl peroxide, peracetic 
acid, and di-t-butyl peroxide, monopersulfates (505:), 
dipersulfates (50208:), and sodium peroxide. 

[0045] Examples of compounds containing an element in 
its highest oxidation state include but are not limited to 
periodic acid, periodate salts, perbromic acid, perbromate 
salts, perchloric acid, perchloric salts, perboric acid, and 
perborate salts and permanganates. Examples of non-per 
compounds that meet the electrochemical potential require 
ments include but are not limited to bromates, chlorates, 
chromates, iodates, iodic acid, and cerium (IV) compounds 
such as ammonium cerium nitrate. 

[0046] Non-exclusive examples of useful oxidiZing agents 
include, but are not limited to peracetic acid, urea-hydrogen 
peroxide, hydrogen peroxide, monopersulfuric acid, diper 
sulfuric acid, salts thereof, and mixtures thereof including 
mixtures of urea and hydrogen peroxide. A preferred oxi 
diZing agent is hydrogen peroxide. 

[0047] The oxidiZing agent may be present in the second 
chemical mechanical polishing slurry in an amount ranging 
from about 0.3 to about 30.0 Weight percent. It is preferred 
that the oxidiZer is present in the second CMP slurry of this 
invention in an amount ranging from about 0.3 to about 17.0 
Weight percent and most preferably from about 1.0 to about 
12.0 Weight percent. 

[0048] One class of compounds that is included in the 
second CMP slurry are complexing agents. Useful complex 
ing agents include but are not limited to acids such as citric, 
lactic, tartaric, succinic, acetic, oxalic and other acids, as 
Well as amino acid and amino sulfuric acids, phosphonic 
acids, phosphoric acids, and their salts. A preferred com 
plexing agent is acetic acid. The complexing agent Will be 
present in the CMP slurry of this invention in an amount 
ranging from about 0.1 to about 5.0 Weight present and 
preferably in an amount ranging from about 0.1 to about 3.0 
Weight percent. 

[0049] It is important that the second CMP slurry include 
a far smaller Weight amount of complexing agent in com 
parison of the Weight amount of oxidiZing agent in the 
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slurry. The second CMP slurry should have a oxidizing agent 
to complexing agent Weight ratio greater than about 10, and 
preferably greater than about 25. 

[0050] The second CMP slurry of this invention may 
include an optional ?lm forming agent. The ?lm forming 
agent may be any compound or mixtures of compounds that 
are capable of facilitating the formation of a passivation 
layer of metal oxides and dissolution inhibiting layers on the 
surface of the metal layer. Passivation of the substrate 
surface layer is important to prevent Wet etching of the 
substrate surface. Useful ?lm forming agents are nitrogen 
containing cyclic compounds such as imidaZole, benZotria 
Zole, benZimidaZole and benZothiaZole and their derivatives 
With hydroxy, amino, imino, carboxy, mercapto, nitro and 
alkyl substituted groups, as Well as urea, thiourea and others. 
A preferred ?lm forming agent is benZotriaZole (“BT ”). 
The ?lm forming agent may be present in the second CMP 
slurry in an amount ranging from about 0.01 Weight percent 
to about 1.0 Weight percent. It is preferred that ?lm forming 
agent is present in the second CMP slurry in an amount 
ranging from about 0.01 to about 0.5 Weight percent. 

[0051] BTA, or other ?lm forming agents included in the 
second CMP slurry may destabiliZe the uniform dispersion 
of abrasive in the slurry. In order to stabiliZe the second CMP 
slurry against settling, ?occulation, and decomposition, a 
variety of optional CMP slurry additives, such as surfactants, 
stabiliZers, or dispersing agents, can be used. If a surfactant 
is added to the second CMP slurry, then it may be an anionic, 
cationic, nonionic, or amphoteric surfactant or a combina 
tion of tWo or more surfactants can be employed. Further 
more, it has been found that the addition of a surfactant may 
be useful to reduce the Within-Wafer-non-uniformity 
(WIWNU) of the Wafers, thereby improving the surface of 
the Wafer and reducing Wafer defects. 

[0052] In general, the amount of additive such as a sur 
factant that may be used in the second CMP slurry should be 
sufficient to achieve effective stabiliZation of the slurry and 
Will typically vary depending on the particular surfactant 
selected and the nature of the surface of the metal oxide 
abrasive. For example, if not enough of a selected surfactant 
is used, it Will have little or no effect on CMP slurry 
stabiliZation. On the other hand, too much surfactant in the 
second CMP slurry may result in undesirable foaming and/or 
?occulation in the slurry. As a result, stabiliZers such as 
surfactants should generally be present in the second slurry 
in an amount ranging from about 0.001% to about 0.2% by 
Weight, and preferably from about 0.001 to about 0.1 Weight 
percent. Furthermore, the additive may be added directly to 
the slurry or treated onto the surface of the metal oxide 
abrasive utiliZing knoWn techniques. In either case, the 
amount of additive is adjusted to achieve the desired con 
centration in the ?rst polishing slurry. Preferred surfactants 
include dodecyl sulfate sodium salt, sodium lauryl sulfate, 
dodecyl sulfate ammonium salt, and mixtures thereof. 
Examples of useful surfactants include TRITON® DF-16 
manufactured by Union Carbide, and SURFYNOL® manu 
factured by Air Products and Chemicals. 

[0053] It is desirable to maintain the pH of the second 
CMP slurry of this invention Within a range of from about 
2.0 to about 12.0, and preferably betWeen from about 4.0 to 
about 9.0 in order to facilitate control of the CMP process. 
The pH of the CMP slurry of this invention may be adjusted 
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using any knoWn acid, base, or amine. HoWever, the use of 
an acid or base that contains no metal ions, such as ammo 

nium hydroxide and amines, or nitric, phosphoric, sulfuric, 
or organic acids are preferred to avoid introducing undesir 
able metal components into the CMP slurry of this inven 
tion. It is most preferred that the second CMP slurry has a 
pH of from about 4 to about 7.5. 

III. The Abrasive 

[0054] The ?rst and second CMP slurries of this each 
invention include an abrasive. The abrasive is typically a 
metal oxide. The metal oxide abrasive may be selected from 
the group including alumina, titania, Zirconia, germania, 
silica, ceria and mixtures thereof. The ?rst and second CMP 
slurries of this invention preferably each include from about 
0.5 to about 15.0 Weight percent or more of an abrasive. It 
is more preferred, hoWever, that the ?rst and second CMP 
slurries of this invention include from about 1.5 to about 6.0 
Weight percent abrasive. 

[0055] The metal oxide abrasive may be produced by any 
techniques knoWn to those skilled in the art. Metal oxide 
abrasives can be produced using any high temperature 
process such as sol-gel, hydrothermal or, plasma process, or 
by processes for manufacturing fumed or precipitated metal 
oxides. Preferably, the metal oxide is a fumed or precipitated 
abrasive and, more preferably it is a fumed abrasive such as 
fumed silica or fumed alumina. For example, the production 
of fumed metal oxides is a Well-knoWn process Which 
involves the hydrolysis of suitable feedstock vapor (such as 
aluminum chloride for an alumina abrasive) in a ?ame of 
hydrogen and oxygen. Molten particles of roughly spherical 
shapes are formed in the combustion process, the diameters 
of Which are varied through process parameters. These 
molten spheres of alumina or similar oxide, typically 
referred to as primary particles, fuse With one another by 
undergoing collisions at their contact points to form 
branched, three dimensional chain-like aggregates. The 
force necessary to break aggregates is considerable. During 
cooling and collecting, the aggregates undergo further col 
lision that may result in some mechanical entanglement to 
form agglomerates. Agglomerates are thought to be loosely 
held together by van der Waals forces and can be reversed, 
i.e., de-agglomerated, by proper dispersion in a suitable 
media. 

[0056] Precipitated abrasives may be manufactured by 
conventional techniques such as by coagulation of the 
desired particles from an aqueous medium under the in?u 
ence of high salt concentrations, acids or other coagulants. 
The particles are ?ltered, Washed, dried and separated from 
residues of other reaction products by conventional tech 
niques knoWn to those skilled in the art. 

[0057] Apreferred metal oxide Will have a surface area, as 
calculated from the method of S. Brunauer, P. H. Emmet, 
and I. Teller, J. Am. Chemical Society, Volume 60, Page 309 
(1938) and commonly referred to as BET, ranging from 
about 5 m2/g to about 430 m2/g and preferably from about 
30m2/g to about 170 m2/g. Due to stringent purity require 
ments in the IC industry the preferred metal oxide should be 
of a high purity. High purity means that the total impurity 
content, from sources such as raW material impurities and 
trace processing contaminants, is typically less than 1% and 
preferably less than 0.01% (i.e., 100 ppm). 



US 2001/0041507 A1 

[0058] The metal oxide abrasive useful in the dispersion of 
this invention may consist of metal oxide aggregates or 
individual single sphere particles. The term “particle” as it is 
used herein refers to both aggregates of more than one 
primary particle and to single particles. 

[0059] It is preferred that the metal oxide abrasive consists 
of metal oxide particles having a siZe distribution less than 
about 1.0 micron, a mean particle diameter less than about 
0.4 micron and a force suf?cient to repel and overcome the 
van der Waals forces betWeen abrasive aggregates them 
selves. Such metal oxide abrasives have been found to be 
effective in minimiZing or avoiding scratching, pit marks, 
divots and other surface imperfections during polishing. The 
particle siZe distribution in the present invention may be 
determined utiliZing knoWn techniques such as transmission 
electron microscopy (TEM). The mean particle diameter 
refers to the average equivalent spherical diameter When 
using TEM image analysis, i.e., based on the cross-sectional 
area of the particle. By force is meant that either the surface 
potential or the hydration force of the metal oxide particles 
must be suf?cient to repel and overcome the van der Waals 
attractive forces betWeen the particles. 

[0060] In another preferred embodiment, the metal oxide 
abrasive may consist of discrete, individual metal oxide 
particles having a primary particle diameter less than 0.4 
micron (400 nm) and a surface area ranging from about 10 
m2/g to about 250 m2/g. 

[0061] Preferably, the metal oxide abrasive is incorporated 
into the aqueous medium of the polishing slurry as a 
concentrated aqueous dispersion of metal oxides, compris 
ing from about 3% to about 45% solids, and preferably 
betWeen 10% and 20% solids. The aqueous dispersion of 
metal oxides may be produced utiliZing conventional tech 
niques, such as sloWly adding the metal oxide abrasive to an 
appropriate media, for example, deioniZed Water, to form a 
colloidal dispersion. The dispersion is typically completed 
by subjecting it to high shear mixing conditions knoWn to 
those skilled in the art. The pH of the slurry may be adjusted 
aWay from the isoelectric point to maximiZe colloidal sta 
bility. 

IV. Optional Additives 

[0062] Other Well knoWn polishing slurry additives may 
be incorporated into the ?rst CMP slurry and/or into the 
second CMP slurry. One class of optional additives are 
inorganic acids and/or salts thereof Which may be added to 
the ?rst and/or second CMP slurry to further improve or 
enhance the polishing rate of the barrier layers in the Wafer, 
such as titanium and tantalum. Useful inorganic additives 
include sulfuric acid, phosphoric acid, phosphonic acid, 
nitric acid, HF acid, ammonium ?uoride, ammonium salts, 
potassium salts, sodium salts or other cationic salts of 
sulfates, phosphates, phosphonates, and ?uorides. 

V. Methods of Making and Using the First and 
Second CMP Slurries 

[0063] The ?rst and second CMP slurries of this invention 
may be produced using conventional techniques knoWn to 
those skilled in the art. Typically, the oxidiZing agent and 
other non-abrasive components, are mixed into an aqueous 
medium, such as deioniZed or distilled Water, at predeter 
mined concentrations under loW shear conditions until such 
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components are completely dissolved in the medium. A 
concentrated dispersion of the metal oxide abrasive, such as 
fumed alumina, is added to the medium and diluted to the 
desired loading level of abrasive in the ?nal CMP slurry. 

[0064] The ?rst and second CMP slurries of the present 
invention may be supplied as one package system including 
all of the slurry additives. Due to concerns about shipping 
CMP slurries containing oxidiZing agents, and especially 
hydrogen peroxide, it is preferred that the ?rst and second 
CMP slurries of this invention are prepared and packaged as 
a CMP precursor containing every ingredient except the 
oxidiZing agent or agents, shipped to a customer, and 
combined With hydrogen peroxide or any oxidiZing agent at 
the customer’s facility prior to use. Therefore, an aspect of 
this invention is a ?rst and second CMP composition and/or 
slurry precursor comprising one or more ingredients selected 
from the group including catalysts, abrasives, and stabiliZers 
in dry or aqueous form but lacking an oxidiZing agent. The 
?rst and second CMP precursors are separately combined 
With at least one oxidiZing agent prior to use. 

[0065] It has been determined that ?rst and second CMP 
slurries of this invention including urea hydrogen peroxide 
can be formulated by adding hydrogen peroxide to a slurry 
precursor comprising urea and any other useful slurry com 
ponents to give a urea hydrogen peroxide containing CMP 
slurries. 

[0066] A preferred slurry precursor of this invention Will 
comprise a dry or aqueous mixture of urea and at least one 
metal oxide abrasive. Additional ingredients may be incor 
porated into the urea containing slurry precursor are useful 
in ?rst and second CMP slurries. 

[0067] Although the CMP slurry of this invention may be 
used to polish any type of metal layer, the ?rst chemical 
mechanical polishing slurry of this invention has been found 
to have a high copper, and loW tantalum and tantalum nitride 
polishing rate. In addition, the second chemical mechanical 
polishing slurry exhibits desirable loW polishing rates 
toWards the copper layer, While exhibiting a desirable high 
polishing rate toWards the tantalum dielectric insulating 
layer. 

[0068] The ?rst and second CMP slurries may be used 
With any standard polishing equipment appropriate for use 
on the desired metal layer of the Wafer. The ?rst and second 
CMP slurries of this invention are most useful for polishing 
a substrate including either a tantalum or tantalum nitride 
portion and a copper alloy containing portion, both over a 
dielectric layer. 

[0069] When used to polish a substrate including a tanta 
lum or tantalum nitride portion and a copper portion, the ?rst 
chemical mechanical polishing slurry is applied to the 
substrate and the substrate is polished by conventional 
means using polishing machines and a polishing pad. When 
substrate polishing using the ?rst CMP slurry is complete, 
the substrate may be Washed With deioniZed Water or other 
solvents to remove the ?rst CMP slurry from the partially 
polished substrate. Next, the second CMP slurry of this 
invention is applied to the substrate and the substrate is 
polished using conventional techniques in order to prefer 
entially polish the tantalum or tantalum nitride portion in 
comparison to the copper portion of the partially polished 
substrate. Once the second polishing step is complete, the 



US 2001/0041507 A1 

second CMP slurry is Washed from the substrate With 
deionized Water or another solvent and the substrate is ready 
for further processing. 

[0070] In both polishing steps, the ?rst and/or the second 
CMP slurries may be applied directly to the substrate, to a 
polishing pad, or to both in a controlled manner during 
substrate polishing. It is preferred hoWever that the ?rst and 
second CMP slurries are applied to the pad Which thereafter 
is placed against the substrate after Which the pad is moved 
in relationship to the substrate in order to achieve substrate 
polishing. 
[0071] The ?rst and second CMP slurries polishes copper, 
titanium, titanium nitride, tantalum, and tantalum nitride 
layers at good rates under controllable conditions. The 
polishing slurries of the present invention may be used 
during the various stages of semiconductor integrated circuit 
manufacture to provide effective polishing at desired pol 
ishing rates While minimizing surface imperfections and 
defects. 

EXAMPLES 

[0072] We have discovered a ?rst CMP slurry that pol 
ished copper at high rate and tantalum and tantalum nitride 
layers at lesser rates, and a second CMP slurry that polishes 
tantalum and tantalum nitride layers at acceptable rates and 
copper at comparatively loWer rates than the ?rst CMP 
slurry. 
[0073] The folloWing examples illustrate preferred 
embodiments of this invention as Well as preferred methods 
for using CMP slurries of this invention. 

Example 1 

[0074] In this example, CMP polishing Was accomplished 
using tWo CMP slurries. The ?rst slurry included an aqueous 
dispersion of 3.0 Weight percent of a fumed alumina abra 
sive from SEMI-SPERSE® W-A355 dispersion sold by the 
Microelectronics Materials Division of Cabot Corporation, 
in Aurora, 111., 2.5 Wt % hydrogen peroxide, 3.65 Wt % urea, 
1.25 Wt % tartaric acid, and 50 ppm Triton DF-16 surfactant. 
The second slurry included all of the components of the ?rst 
slurry plus 0.015 Wt % dodecylamine. Both slurries tested 
Were adjusted to a pH of 7.0 With ammonium hydroxide. 

[0075] The CMP slurries Were tested by tWo methods. 
Dissolution rates of Cu and Ta in each slurry Were tested by 
electrochemical techniques. The set-up used a rotating disk 
electrode in a three-electrode cell With a 273 potentiostat and 
Corrosion SoftWare by PAR. Electrochemical data Where 
obtained With a pre-selected electrode rotation of 500 rpm 
(or 19.94 m/sec maximum) With the rotator and the metal of 
interest in contact With the abrasive pad (With a doWn force 
of 5.9 psi) or raised above the pad. Thus metal dissolution 
could be evaluated as its surface Was abraded as Well as after 
abrasion. The former value Was assumed to be an approxi 
mate measure of the chemical rate during polishing, While 
the later approach gave the corrosion rate of the metal in a 
given slurry. In typical tests, electrochemical data Ware 
recorded as a potentiodynamic polariZation curves, With the 
potential sWept by a rate of 10 mV/sec from about —0.25 V 
cathodic to the open potential to some anodic potential. The 
test results are listed in Table 1, columns 3-4. 

[0076] The copper and tantalum polishing rates, using the 
same slurries, Were evaluated With an IPEC 472 polishing 
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machine using a doWn force of 3 psi, a table speed of 55 rpm, 
and a spindle speed of 30 rpm. The slurries Were applied to 
an IC1000/SUBA IV pad stack manufactured by Rodel at a 
rate of 200 ml/min. Polishing data are reported in Table 1, 
columns 5-6. 

TABLE 1 

Metal Metal Metal 
dissolution corrosion removal 
rate rate after rate in Cu:Ta 
W/abrasion abrasion polishing Selectivity 

Slurry A/min A/min A/min Ratio 

1 3% alumina, Cu: 240 Cu: 36 Cu: 2750 
2.5% H202, Ta: 140 Ta: 0.4 Ta: 415 6.6:1 
3.65% urea, 
1.25 Wt % tartaric 
acid, 50 ppm 
Triton DF-16 

2 as 1 plus 0.015% Cu: 240 Cu: 4.8 Cu: 2250 
dodecylamine Ta: 60 Ta: 0.12 Ta: 50 45:1 

[0077] Adding a small amount of dodecylamine into the 
slurry inhibits Ta removal and signi?cantly increases the 
Cu:Ta selectivity ratio to about 45: 1. This makes the organic 
amino compound containing slurry more suitable for use as 
copper polishing slurry With a polishing stop on Ta. 

[0078] The results of the Table 1 also indicate that trends 
observed in electrochemical tests are reproduced in polish 
ing: dodecylamine inhibits Ta dissolution With abrasion, and 
thereWith the polishing rate, in a more pronounced fashion 
than measured on copper. Thus dodecylamine is a dissolu 
tion inhibitor for Ta. 

Example 2 

[0079] This example studies the effect of varying the 
Weight ratio of oxidiZing agent and complexing agent is 
second CMP slurries of this invention on copper and tanta 
lum dissolution rates. This example used a CMP slurry 
having the folloWing composition; 1.25 Weight percent 
tartaric acid; hydrogen peroxide in an amount identi?ed in 
Table 2; 3.0 Weight percent alumina abrasive (W-A355), 50 
ppm Triton DF-16 surfactant With the remainder being 
deioniZed Water. The pH of the slurries Were adjusted to 7.0 
using ammonium hydroxide. 

[0080] Polishing results using slurries With different ratios 
of tartaric acid and hydrogen peroxide oxidiZing agent are 
listed in Table 2. In addition to the compounds listed in Table 
2, each slurry contained 3.65 Wt % urea. The polishing rates 
Were determined using blanket Wafers on an IPEC 472 
polishing tool, With an IC1000/SUBA IV pad stack manu 
factured by Rodel. The Wafers Were polished using a 3 psi 
doWn force, a table speed of 55 rpm, a spindle speed of 30 
rpm, and a slurry ?oW rate of 200 ml/min. 

TABLE 2 

Cu Ta 
polishing polishing 

Run # % tartaric % HPO T:HPO rate, A/min rate A/min 

1 1.25 7.5 1:6 2,622 288 
2 1.25 5.0 1:4 3,265 304 
3 1.25 2.5 1:2 4,711 274 
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[0081] The polishing results shoW that increasing the 
tartaric acid/peroxide Weight ratio increases the Cu removal 
rate Without signi?cantly affecting the Ta rate. 

[0082] Metal dissolution and corrosion rates using the 
same base slurries described above but With varying tartaric 
acid amounts and varying hydrogen peroxide amounts 
(HPO) Were evaluated by electrochemical methods accord 
ing to the method set forth in Example 1 With the results 
being reported in Table 3. 

TABLE 3 

Cu Cu 
dissolution corrosion 
rate, A/min rate A/min, 

With after 
Run # % tartaric % HPO T:HPO abrasion abrasion 

1 0.5 6 1:12 163 16.3 
2 1 6 1:6 163 19.2 
3 0.5 2 1:4 240 19.2 
4 1 2 1.2 314 38.4 
5 3 6 1:2 360 57.6 
6 1 1 1:1 344 50.4 
7 2 2 1:1 336 62.6 
8 3 2 1:1 336 62.6 

[0083] The results from Tables 2 and 3 shoW that the 
copper polishing rate corresponds to the activity measured 
on copper electrochemically, both decreasing With an 
increase of the Weight ratio of oxidiZing agent to complexing 
agent, While the tantalum polishing rate, and electrochemical 
dissolution, are essentially unaffected by the changing com 
position. 

Example 3 

[0084] The trends observed in Example 2, Table 3 Were 
used as the basis for formulating a second chemical 
mechanical polishing slurry useful for polishing tantalum 
and tantalum nitride. The copper and tantalum polishing 
rates for several second polishing slurry candidates are 
reported in Table 4, beloW. The alumina used in the chemical 
mechanical polishing slurries Was a fumed alumina diluted 
from SEMI-SPERSE® W-A355, an alumina dispersion sold 
by the Microelectronics Materials Division of Cabot Cor 
poration, in Aurora, Ill. 

TABLE 4 

Ta 
Cu Removal PETEOS 

Removal rate Rem. Rate Cu:Ta 

Slurry rate, A/min A/min A/min Sel 

1 2% alumina, 5% 651 337 64 1.9:1 
H202, 0.5% tartaric, 
pH 7.0 

2 5% alumina, 5% 260 244 8 1:1 
H202, 0.2% tartaric, 
0.2% acetic, 2% 
urea, 0.08% BTA, 
50 ppm Triton DF 
16, pH 6 

3 3% alumina, 5% 66 299 135 1:4.5 
H202, 0.2% acetic 
acid, 0.08% BTA, 
50 ppm Triton DF 
16, pH 5.0 
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[0085] Increasing the ratio of oxidiZing agent to complex 
ing agent to a value greater than 10 signi?cantly decreased 
copper removal rates as shoWn in Table 4. Furthermore, the 
date in Table 4 shoWs that acetic acid, Which is a poor copper 
complexing agent, signi?cantly inhibits the copper removal 
rate While the tantalum removal rate remains essentially 
unaffected. 

What We claim is: 
1. Achemical mechanical polishing slurry precursor com 

prising: 
at least one abrasive; 

acetic acid; and at least one ?lm forming agent. 
2. The chemical mechanical polishing slurry precursor of 

claim 1 Wherein the acetic acid is present in an amount 
ranging from about 0.01 to about 3.0 Wt %. 

3. The chemical mechanical polishing slurry precursor of 
claim 1 having a pH of from about 4 to about 9. 

4. The chemical mechanical polishing slurry precursor of 
claim 1 Wherein the ?lm forming agent is benZotriaZole. 

5. The chemical mechanical polishing slurry precursor of 
claim 4 including from about 0.01 to about 0.5 Weight 
percent benZotriaZole. 

6. The chemical mechanical polishing slurry precursor of 
claim 1 Wherein the abrasive is at least one metal oxide. 

7. A chemical mechanical polishing slurry comprising the 
chemical mechanical polishing slurry precursor of claim 1 
and at least one oxidiZing agent. 

8. A chemical mechanical polishing slurry comprising: 

at least one abrasive; 

at least one oxidiZing agent; and 

acetic acid, Wherein the Weight ratio of oxidiZing agent to 
acetic acid is greater than about 10. 

9. The chemical mechanical polishing slurry of claim 8 
including a ?lm forming agent. 

10. The chemical mechanical polishing slurry of claim 9 
Wherein the ?lm forming agent is benZotriaZole. 

11. The chemical mechanical polishing slurry of claim 10 
including from about 0.01 to about 0.5 Weight percent 
benZotriaZole. 

12. The chemical mechanical polishing slurry of claim 8 
Wherein the acetic acid is present in an amount ranging from 
about 0.01 to about 3.0 Wt %. 

13. The chemical mechanical polishing slurry of claim 8 
having a pH of from about 4 to about 9. 

14. The chemical mechanical polishing slurry of claim 8 
Wherein the abrasive is at least one metal oxide. 

15. The chemical mechanical polishing slurry of claim 14 
Wherein the metal oxide abrasive is selected from the group 
including alumina, ceria, germania, silica, titania, Zirconia, 
and mixtures thereof. 

16. The chemical mechanical polishing slurry of claim 8 
Wherein the abrasive is an aqueous dispersion of a metal 
oxide. 

17. The chemical mechanical polishing slurry of claim 16 
Wherein the metal oxide abrasive consists of metal oxide 
aggregates having a siZe distribution less than about 1.0 
micron and a mean aggregate diameter less than about 0.4 
micron. 

18. The chemical mechanical polishing slurry of claim 17 
Wherein the metal oxide abrasive consists of discrete, indi 
vidual metal oxide spheres having a primary particle diam 
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eter less than 0.400 micron and a surface area ranging from 
about 10 m2/g to about 250 m2/g. 

19. The chemical mechanical polishing slurry of claim 8 
Wherein the abrasive is selected from the group consisting of 
precipitated abrasives or fumed abrasives. 

20. The chemical mechanical polishing slurry of claim 8 
Wherein the abrasive is an aqueous dispersion of alumina. 

21. A chemical mechanical polishing slurry comprising: 

at least one abrasive; 

at least one oxidiZing agent; 

acetic acid; and 

at least one ?lm forming agent, Wherein the Weight ratio 
of oxidiZing agent to complexing agent is greater than 
about 10, and Wherein the slurry has a pH of from about 
4 to about 9. 

22. The chemical mechanical polishing slurry of claim 21 
Wherein the ?lm forming agent is from about 0.01 to about 
0.2 Wt % benZotriaZole. 

23. The chemical mechanical polishing slurry of claim 21 
Wherein the abrasive is an aqueous dispersion of alumina. 

24. The chemical mechanical polishing slurry of claim 23 
Wherein the alumia is present in the slurry in an amount 
ranging from about 0.5 to about 15.0 Wt %. 

25. The chemical mechanical polishing slurry of claim 21 
Wherein the oxidiZing agent is hydrogen peroxide. 

26. A chemical mechanical polishing slurry comprising: 

an aqueous dispersion of alumina; 

hydrogen peroxide; 

from about 0.01 to about 3.0 Wt % acetic acid; 

from about 0.01 to about 0.5 Wt % benZotriaZole Wherein 
the slurry includes from about 0.5 to about 15.0 Wt % 
alumina, Wherein the Weight ratio of oxidiZing agent to 
acetic acid is greater than about 10, and Wherein the 
slurry has a pH of from about 4 to about 9. 

27. The chemical mechanical polishing slurry of claim 26 
Wherein the Weight ratio of oxidiZing agent to acetic acid is 
greater than about 25. 

28. Amethod for polishing a substrate including a copper 
portion and a Ta portion comprising: 

applying a ?rst aqueous chemical mechanical polishing 
slurry comprising at least one abrasive, at least one 
oxidiZing agent, at least one complexing agent, and at 
least one organic amino compound to a substrate 
including a copper portion and a tantalum portion; 

removing at least a portion of the copper portion from the 
substrate by bringing a pad into contact With the 
substrate and moving the pad in relation to the substrate 
to give a partially polished substrate including a copper 
portion and a tantalum portion; 

applying a second slurry comprising at least one abrasive, 
at least one oxidiZing agent, and at least one complex 
ing agent Wherein the Weight ratio of oxidiZing agent to 
complexing agent is greater than about 10 to the 
partially polishing substrate; 

removing a least a port of the tantalum portion from the 
substrate by bringing a pad into contact With the 
substrate and moving the pad in relation to the substrate 
to give a polished substrate. 
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29. The method of claim 28 Wherein the ?rst slurry 
polishes the copper portion of the substrate at a rate that is 
at least 10 times faster than the rate at Which the ?rst slurry 
polishes the tantalum portion of the substrate. 

30. The method of claim 28 Wherein the second slurry 
polishes the tantalum portion of the partially polished sub 
strate at a rate that is at least 7 times faster than the rate at 
Which the second slurry polishes the copper portion of the 
partially polished substrate. 

31. The method of claim 28 Wherein the ?rst polishing 
slurry is applied to the pad before the pad is placed into 
contact With the substrate. 

32. The method of claim 28 Wherein the second polishing 
slurry is applied to the pad before the pad is placed into 
contact With the partially polished substrate. 

33. The method of claim 28 Wherein essentially all of the 
?rst polishing slurry is removed from the partially polished 
substrate before the second slurry is applied to the partially 
polished substrate. 

34. The method of claim 28 Wherein the ?rst slurry and 
the second slurry each include a complexing agent selected 
from the group of compounds including acetic acid, citric 
acid, lactic acid, tartaric acid, succinic acid, oxalic acids, 
amino acids, salts thereof, and mixtures thereof. 

35. The method of claim 34 Wherein the complexing agent 
used in the ?rst slurry is tartaric acid and the complexing 
agent used in the second slurry is acetic acid. 

36. The method of claim 35 Wherein the ?rst slurry 
includes from about 0.5 to about 5.0 Wt % tartaric acid and 
the second slurry includes from about 0.01 to about 3.0 Wt 
% acetic acid. 

37. The method of claim 28 Wherein the ?rst slurry 
organic amino compound has from 7 to 15 carbon atoms. 

38. The method of claim 28 Wherein the ?rst slurry 
organic amino compound is selected from the group alky 
lamines, alcoholamines, urea, derivatives of urea, and mix 
tures thereof. 

39. The method of claim 28 Wherein the ?rst slurry 
includes from about 0.005 to about 10.0 Wt % of at least one 
organic amino compound. 

40. The method of claim 28 Wherein the ?rst slurry 
includes a ?lm forming agent. 

41. The method of claim 28 Wherein the ?rst and second 
slurry each include an abrasive selected from metal oxide 
abrasive is selected from the group including alumina, ceria, 
germania, silica, titania, Zirconia, and mixtures thereof. 

42. The method of claim 28 Wherein the ?rst slurry and 
the second slurry each include an abrasive that is an aqueous 
dispersion of a metal oxide. 

43. The method of claim chemical mechanical polishing 
slurry of claim 42 Wherein the abrasive is selected from the 
group consisting of precipitated abrasives or fumed abra 
sives. 

44. The method of claim 28 Wherein the ?rst slurry and 
the second slurry each include an aqueous dispersion of 
alumina. 

45. The method of claim 28 Wherein the second slurry has 
a pH of from about 4 to about 9. 

46. The method of claim 28 Wherein the second slurry 
includes a ?lm forming agent. 

47. The method of claim 38 Wherein the ?lm forming 
agent is from about 0.01 to about 0.2 Weight percent 
benZotriaZole. 
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48. A method for polishing substrate including a copper 
portion and a portion selected from tantalum, tantalum 
nitride and mixtures thereof comprising the steps of: 

applying a ?rst slurry comprising alumina, at least one 
oXidiZing agent, tartaric acid, benZotriaZole, and at least 
one organic amino compound to the substrate; 

removing at least a portion of the copper portion from the 
substrate by bringing a pad into contact With the 
substrate and moving the pad in relation to the substrate 
to give a partially polished substrate; 

applying a second slurry to the partially polished sub 
strate, the second slurry comprising an aqueous disper 
sion of alumina, hydrogen peroxide, from about 0.01 to 
about 3.0 Wt % acetic acid, from about 0.01 to about 0.2 
Wt % benZotriaZole Wherein the Weight ratio of oXidiZ 
ing agent to acetic acid is greater than about 10, and 
Wherein the slurry has a pH of from about 4 to about 9; 

removing a least a portion of a substrate portion selected 
from tantalum, tantalum nitride or a combination 
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thereof from the partially polished substrate by bring 
ing a pad into contact With the partially polished 
substrate and moving the pad in relation to the substrate 
to give a polished substrate. 

49. The method of claim 48 Wherein the ?rst slurry 
polishes the copper portion of the substrate at a rate that is 
at least 45 times faster than the rate at Which the ?rst slurry 
polishes the tantalum or tantalum nitride portion of the 
substrate. 

50. The method of claim 48 Wherein the ?rst polishing 
slurry is applied to the pad before the pad is placed into 
contact With the substrate. 

51. The method of claim 48 Wherein the second polishing 
slurry is applied to the pad before the pad is placed into 
contact With the partially polished substrate. 

52. The method of claim 48 Wherein essentially all of the 
?rst polishing slurry is removed from the partially polished 
substrate before the second slurry is applied to the partially 
polished substrate. 


