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PEROXIDE ACTIVATED OXOMETALATE BASED FO RMU LATIO NS

FOR REMOVAL OF ETCH RESIDUE

FIELD OF THE INVENTION

[0001] This invention relates to compositions useful for removing etch residue from microelectronic devices, which

composition provides good corosion resistance and improved cleaning efficiency. ln particular the invention

provides aqueous, highly alkaline oxometalate formulations activated by peroxide that are especially useful in the

microeleclronics industry and especially effective in removing etch residue from microelectronic substrates having

metal lines and vias. The invention also provides method for cleaning such microelectronic substrates and devices

employing such compositions.

BACKGROUND TO THE INVENTION

[0002] An integral part of microelectronic fabrication is the use of photoresists to lransfer an image from a mask

or reticle to the desired circuit layer. After the desired image transfer has been achieved, an etching process is

used to form the desired structures. The most common structures formed in this way are metal lines and vias.

The metal lines are used to form electrical connections between various parts of the integrated circuit that lie in

the same fabrication layer. The vias are holes that are etched through dielectric layers and later filled with a

conductive metal. These are used to make electrical connections between different vertical layers of the

integrated circuit. A halogen containing gas is generally used in the processes used for forming metal lines and

vias.

[0003] After the etching process has been completed, the bulk of the photoresist may be removed by either a

chemical stripper solution or by an oxygen plasma ashing process. The problem is that these etching processes

produce highly insoluble metal-containing residues that may not be removed by common chemical stripper

solutions, Also, during an ashing process the metal-containing residues are oxidized and made even more

difficult to remove, particularly in the case of aluminum-based integrated circuits. See, "Managing Etch and

lmplant Residue," Semiconductor lnternational, August 1997, pages 56-63.

[0004] An example of such an etching process is the patterning of metal lines on an integrated circuit. ln this

process, a photoresist coating is applied over a melal film then imaged through a mask or reticle to selectively

expose a pattern in the photoresist coating. The coating is developed to remove either exposed or unexposed

photoresist, depending on the tone of the photoresist used, and produce a photoresist on the metal pattem. The

remaining photoresist is usually hard-baked at high temperature to remove solvents and optionally to cross-link

the polymer matrix. The actual metal etching step is then performed. This etching step removes metal not

covered by photoresist through the action of a gaseous plasma. Removal of such metal transfers the pattem from

the photoresist layer to the metal layer. The remaining photoresist is then removed ("stripped') with an organic

stripper solution or with an oxygen plasma ashing procedure. The ashing procedure is often followed by a rinsing

step that uses a liquid organic stripper solution. However, the stripper solutions cunently available, usually
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This invention relates to compositions useful for removing etch residue Irom microelectronic
devices, which composition provides good corrosion resistance and improved cleaning
efficiency. In particular the invention provides aqueous, highly alkaline oxornetalate
formulations activated by peroxide that are especially useful in the microelectronics industry
and especially effective in removing etch residue from microelectronic substrates having metal
lines and vies. The invention also provides method for cleaning such microelectronic
substrates and devices employing such compositions. BACKGROUND TO THE INVENTION
(0002] An integral part of microelectronic fabrication is the use of photoresists to transfer an
image from a mask or reticle to the desired circuit layer, After the desired image transfer has
been achieved, an etching process is used to form the desired structures. The most common
structures formed in this way are metal lines and vbs. The metal lines are used to form
electrical connections between various parts of the integrated circuit that lie in the same
fabrication layer. The vies are holes that are etched through dielectric layers and later filled
with a conductive metal. These are used to make electrical connections between different
vertical layers of the integrated circuit. A halogen containing gas is generally used in the
processes used for forming metal lines and vies. (0003) After the etching process has been
completed, the bulk of the photoresist may be removed by either a chemical stripper solution
or by an oxygen plasma ashing process. The problem is that these etching processes
produce highly insoluble metal-containing residues that may not be removed by common
chemical stripper solutions. Also, during an ashing process the metal-containing residues are
oxidized and made even more difficult to remove, particularly in the case of aluminum-based
integrated circuits. See, "Managing Etch and Implant Residue," Semiconductor International,
August 1997, pages 56-63. PON] An example of such an etching process is the patterning of
metal lines on an integrated circuit. In this process, a photoresist coating is applied over a
metal film then imaged through a mask or reticle to selectively expose a pattern in the
photoresist coating. The coating is developed to remove either exposed or unexposed
photoresist, depending on the tone of the photoresist used, and produce a photoresist on the
metal pattern. The remaining photoresist is usually hard-baked at high temperature to remove
solvents and optionally to cross-link the polymer matrix. The actual metal etching step is then
performed. This etching step removes metal not covered by photoresist through the action of
a gaseous plasma. Removal of such metal transfers the pattern from the photoresist layer to
the metal layer. The remaining photoresisl is then removed ("stripped") with an organic
stripper solution or with an oxygen plasma ashing procedure. The ashing procedure is often
followed by a rinsing step that uses a liquid organic stripper solution. However, the stripper
solutions currently available, usually 
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alkaline stripper solutions, leave insoluble metal oxides and other metal-containing residues on the integrated

circuit.

p0051 Another example of such an etching process is the patterning of vias (interconnect holes) on an

integrated circuit. ln this process, a photoresist coating is applied over a dielectric film then imaged through a

mask or reticle to selectively expose a pattern in the photoresist coating. The coating is developed to remove

either exposed or unexposed photoresist, depending on the tone of the photoresist used, and produce a

photoresist on the metal pattern. The remaining photoresist is usually hard-baked at high temperature to remove

solvents and optionally to cross-link the polymer matrix, The actual dielectric etching step is then performed. This

etching step removes dielectric not covered by photoresist through the action of a gaseous plasma. Removal of

such dielectric transfers the pattern from the photoresist layer to the dielectric layer. The remaining photoresist is

then removed ("stripped') with an organic stripper solution or with an oxygen plasma ashing procedure. Typically,

the dielectric is etched to a point where the underlying metal layer is exposed, A titanium or titanium nitride anti-

reflective or diffusion barrier layer is typically present at the metal/dielectric boundary, This boundary layer is

usually etched through to expose the underlying metal. lt has been found that the action of etching through the

titanium or titanium nitride layer causes titanium to be incorporated into the etching residues formed inside of the

via. Oxygen plasma ashing oxidizes these via residues making them more difficult to remove, A titanium residue

removal enhancing agent must therefore be added to the stripper solution to enable the cleaning of these

residues. See "Removal of Titanium Oxide Grown on Titanium Nitride and Reduction of Via Contact Resistance

Using a Modem Plasma Asher", Mat, Res. Soc. Symp. Proc., Vol. 495, 1998, pages 345-352. The ashing

procedure is oflen followed by a rinsing step that uses a liquid organic stripper solution. However, the stripper

solutions cunently available, usually alkaline stripper solutions, leave insoluble metal oxides and other metal-

containing residues on the integrated circuit. There are some hydroxylamine-based strippers and post-ash

residue removers on the market that have a high organic solvent content, but they are not as effective on other

residues found in vias or on metaLlines. They also require a high temperature (typically 650 C or higheQ in order

to clean the residues from the vias and metal-lines.

t00061[ The use of alkaline stdppers on microcircuit containing metal films has not always produced quality

circuits, particularly when used with metal fìlms containing aluminum or various combinations or alloys of active

metals such as aluminum or titanium with more electropositive metals such as copper or tungsten. Various types

of metal conosion, such as corrosion whiskers, galvanic corosion, pittihg, notching of metal lines, have been

observed due, at least in part, to reaction of the metals with alkaline strippers. Further it has been shown, by Lee

et al., Proc. lnterface '89, pp. 137-149, that very little corrosive action takes place untilthe water rinsing step that

is required to remove the organic stripper from the wafer. The corrosion is evidently a result of contacting the

metals with the strongly alkaline aqueous solution that is present dudng dnsing. Aluminum metal is known to

conode rapidly under such conditions, Ambat et al., Conosion science, Vol. 33 (5), p. 684. 1992.

[0007] Prior methods used to avoid this conosion problem employed intemediate rinses with non-alkaline

WO 2008/100377PCTRIS20081001103 alkaline stripper solutions, leave insoluble metal
oxides and other metal.contairilng residues on the integrated circuit. [0005] Another example
of such an etching process is the patterning of vies (interconnect holes) on an integrated
circuit. In this process, a photoresist coating is applied over a dielectric film then imaged
through a mask or reticle to selectively expose a pattern in the photoresist coating. The
coating is developed to remove either exposed or unexposed photoresist, depending on the
tone of the photoresist used, and produce a photoresist on the metal pattern. The remaining
phobresist is usually hard-baked at high temperature to remove solvents and optionally to
cross-link the polymer matrix. The actual dielectric etching step is then performed. This
etching step removes dielectric not covered by photoresist through the action of a gaseous
plasma. Removal of such dielectric transfers the pattern from the photoresist layer to the
dielectric layer. The remaining photoresist is then removed ("stripped") with an organic
stripper solution or with an oxygen plasma aching procedure. Typically, the dielectric is etched
to a point where the underlying metal layer is exposed. A titanium or titanium nitride
anti-reflective or diffusion barrier layer is typically present at the metal/dielectric boundary.
This boundary layer is usually etched through to expose the underlying metal. It has been
found that the action ol etching through the titanium or titanium nitride layer causes titanium to
be incorporated into the etching residues formed inside of the via. Oxygen plasma ashing
oxidizes these via residues making them more difficult to remove. A titanium residue removal
enhancing agent must therefore be added to the stripper solution to enable the cleaning of
these residues. See "Removal of Titanium Oxide Grown on Titanium Nitride and Reduction of
Via Contact Resistance Using a Modern Plasma Asher, Mat. Res. Soc. Symp. Proc., Vol. 495,
1998: pages 345-352. The ashing procedure is often followed by a rinsing step that uses a
liquid organic stripper solution. However, the stripper solutions currently available, usually
alkaline stripper solutions, leave insoluble metal oxides and other metal-containing residues
on the integrated circuit There are some hydroxylamine-based strippers and post-ash residue
removers on the market that have a high organic solvent content, but they are not as effective
on other residues found in vies or on metal-lines. They also require a high temperature
(typically 65 C or higher) in order to clean the residues from the vies and metal-lines.  [0006ll
The use of alkaline strippers on microcircuit containing metal Mils has not always produced
quality circuits, particularly when used with metal films containing aluminum or various
combinations or alloys of active metals such as aluminum or titanium with more
electropositive metals such as copper or tungsten. Various types of metal corrosion, such as
corrosion whiskers, galvanic corrosion, pitting, notching of metal lines, have been observed
due, at least in part, lo reaction of the metals with alkaline strippers. Further it has been
shown, by Lee et al., Proc. Interface '89, pp. 137-149, that very little corrosive action takes
place until the water rinsing step that is required to remove the organic stripper from the
wafer. The corrosion is evidently a result of contacting the metals with the strongly alkaline
aqueous solution that is present during rinsing. Aluminum metal is known to corrode rapidly
under such conditions, Arnbat et al., Corrosion Science, Vol. 33 (5), p, 684. 1992. 100071
Prior methods used to avoid this corrosion problem employed intermediate rinses with
non-alkaline  WO 2008/100377PCTIUS2008/001103 organic solvents such as isopropyl
alcohol. However, such methods are expensive and have unwanted safety, chemical hygiene,
and environmental consequences. 
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organ¡c solvents such as isopropyl alcohol, However, such methods are expensive and have unwanted safely,

chemical hygiene, and environmental consequences.

[00081 ln US Patent 6,465,403 there is disclosed aqueous alkaline compositions useful in the microelectronics

industry for stripping or cleaning semiconductor wafer substrates by removing photoresist residues and other

unwanted contaminants. The aqueous compositions typically contain (a) one or more metal ion{ree bases at

sufficient amounts to produce a pH of about 10-13; (b) about 0.01% to about 5% by weight (expressed as % SiO2)

of a water-soluble metal ion-free silicate; (c) about 0.01 % to about 
.10% 

by weight of one or more metal chelating

agents and (d) optionally other ingredients.

f00091 However, none of the compositions disclosed in the prior art effectively remove all organic contamination

and melal-containing residues remaining after a typical etching process. Silicon containing residues are

particularly difficult to remove using these formulations. There is, therefore, a need for stripping compositions that

clean semiconductor wafer substrates by removing inorganic and organic contamination from such substrates

without damaging the integrated circuits. With the widespread use of single wafer tools, there is also a need for

formulations that are able to remove metallic and organic contamination in less time and at lower temperatures

than compositions in the prior art, Such compositions must not conode the metal features that partially comprise

the integrated circuit and should avoid the expense and adverse consequences caused by intermediate rinses.

Tungsten and aluminum lines are particularly susceptible to conosion upon cleaning with the formulations

discussed in paragraph [0008].

SUMMARY OF THE INVENTION

[0010] ln acöordance with this invention there are provided highly alkaline, aqueous formulations comprising (a)

water, (b) at least one metal ion-free base at sufficient amounts to produce a final cornposition of alkaline pH,

prefenably an alkaline pH of from about 1l to about 13.4, (c)from about 0.01% to about 5% by weight (expressed as

0/o SiOz) of at least one water-soluble metal ion-free silicate corrosion inhibitor; (d) from about 0.01 o/o to about 10%

by weight of at least one metal chelating agent, and (e) from more than 0 to about 2.0o/o by weight of at least one

oxometalate. Such formulations are combined with at least one peroxide that reacts with the oxometalate to form

a peroxometalate resulting in an aqueous, alkaline microelectronics cleaning compositions. The amount of water

is the balance of the 100% by weight of the formulation or composition. All percentages mentioned in this

application are percent by weight unless indicated otherwise and are based on the total weight of the composition.

100111 The cleaning compositions are placed in contact with a semiconductor wafer substrate for a time and at a

temperature sufficient to clean unwanted conlaminants and/or residues from the substrate surface. The

compositions of this invention provide enhanced corrosion resistance and improved cleaning efficiency.

DETAILED DESCRIPTION OF THE INVENTION

AND PREFERRED EMBODIMENTS

[0012] Highly alkaline, aqueous formulation of this invention comprise (a) water, (b) at least one metal ion-free base

at suflicient amounts to produce a final formulation of alkaline pH, preferably a pH of about 11 to about 13.4, (c) from

100081 In US Patent 6465403 there is disclosed aqueous alkaline compositions useful in the
microelectronics industry for stripping or cleaning semiconductor wafer substrates by
removing photoresist residues and other unwanted contaminants. The aqueous compositions
typically contain (a) one or more metal ion-free bases at sufficient amounts to produce a pH of
about 10-13; (b) about 0.01% to about 5% by weight (expressed as % Si02) of a water-soluble
metal ion-free silicate; (c) about 0.01% to about 10% by weight of one or more metal chelating
agents and (d) optionally other ingredients. (0009) However, none of the compositions
disclosed in the prior art effectively remove all organic contamination and metal-containing
residues remaining after a typical etching process. Silicon containing residues are particularly
difficult to remove using these formulations. There is, therefore, a need for stripping
compositions that clean semiconductor wafer substrates by removing inorganic and organic
contamination from such substrates without damaging the integrated circuits. With the
widespread use of single wafer tools, there is also a need for formulations that are able to
remove metallic and organic contamination in less time and at lower temperatures than
compositions in the prior at Such compositions must not corrode the metal features that
partially comprise the integrated circuit and should avoid the expense and adverse
consequences caused by intermediate rinses. Tungsten and aluminum lines are particularly
susceptible to corrosion upon cleaning with the formulations discussed in paragraph [0008].
SUMMARY OF THE INVENTION  [00101 In accordance with this invention there are provided
highly alkaline, aqueous formulations comprising (a) water, (b) at least one metal ion-free
base at sufficient amounts to produce a final composition of alkaline pH, preferably an alkaline
pH of from about 11 to about 13.4, (c) from about 0.01% to about 5% by weight (expressed as
% 5102) of at least one water-soluble metal ion-free silicate corrosion inhibitor; (d) from about
0,01% to about 10% by weight of at least one metal chelating agent, and (e) from more than 0
to about 2.0% by weight of at least one oxornetalate. Such formulations are combined with at
least one peroxide that reacts with the oxometalate to form a peroxometalate resulting in an
aqueous, alkaline microelectronics cleaning compositions. The amount of water is the balance
of the 100% by weight of the formulation or composition. All percentages mentioned in this
application are percent by weight unless indicated otherwise and are based on the total
weight of the composition. [0011] The cleaning compositions are placed in contact with a
semiconductor wafer substrate for a time and at a temperature sufficient to clean unwanted
contaminants and/or residues from the substrate surface. The compositions of this invention
provide enhanced corrosion resistance and improved cleaning efficiency. DETAILED
DESCRIPTION OF THE INVENTION AND PREFERRED EMBODIMENTS 100121 Highly
alkaline, aqueous formulation of this invention comprise (a) water, (b) at least one metal
ion-free base at sufficient amounts to produce a final formulation of alkaline pH, preferably a
pH of about 11 to about 13.4, (c) from  
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about 0.01% to about 5% by weight (expressed as % SiOz) of at least one water-soluble metal ion-free silicate

conosion inhibitor; (d) from about 0.0170 to about 10% by weight of at least one metal chelating agent, and (e)

from more than 0 to about 2.0o/o by weight of at least one oxometalate are provided in accordance with this

invention. Such formulations are combined with at least one peroxide reactive with the oxometalales of the

formulation such that peroxometalates are formed prior to use of the resulting cleaning compositions, The

resulting compositions are placed in contact with a microeleclronic device such as a semiconductor wafer

substrate for a time and at a temperature sufficient to clean unwanted contaminants and/or residues from the

substrate surface.

[0013] The present invention provides new aqueous formulations for combining with a peroxide for stripping and

cleaning sem'tconductor wafer surfaces of contaminants and residues wtrich formulations contain water (preferably

high purity deionized water), one or rnore metal ion-free bases, one or more metal ion-free silicate conosion inhibitors,

one or more metal chelating agents and one or more oxometalates.

[00141 Any suitable base may be used in the aqueous formulations of the present invention. The bases are

preferably quatemary ammonium hydroxides, such as tetraalkyl ammonium hydroxides (including hydroxy- and

alkoxy-containing alkyl groups generally of from 1 to 4 carbon atoms in the alkyl or alkoxy group). The most

preferable of these alkaline materials are tetramethyl ammonium hydroxide and trimethyl-2-hydroxyethyl

ammonium hydroxide (choline). Examples of other usable quatemary ammonium hydroxides include: trimethyl-3-

hydroxypropyl ammonium hydroxide, trimethyl-3-hydroxybutyl ammonium hydroxide, trimethyl-4-hydroxybutyl

ammonium hydroxide, triethyl-2-hydroxyethyl ammonium hydroxide, tiipropyl-2-hydroxyethyl ammonium

hydroxide, tributyl-2-hydroxyethyl ammoniurn hydroxide, dimethylethyl-2-hydroxyethyl ammonium hydroxide,

dimethyldi(2-hydroxyethyl) ammonium hydroxide, monomethyltri(2-hydroxyethyl) ammonium hydroxide, tetraethyl

ammonÍuú hydroxide, tetrapropyl ammonium hydroxide, tetrabutyl ammonium hydroxide, monomethyl{riethyl

ammonium hydroxide, monomethyltripropyl ammonium hydroxide, monomethyltributyl ammonium hydroxide,

monoethyltrirhethyl ammonium hydroxide, monoethyltributyl ammonium hydroxide, dimethyldiethyl ammonium

hydroxide, dimethyldibutyl ammonium hydroxide, and the like and mixtures thereof.

100151 Other bases that will function in the present invention include ammonium hydroxide, organic amines

particularly alkanolamines such as 2-aminoethanol, 1-amino2-propanol, 1-amino-3-propanol, 2-(2-

aminoethoxy)ethanol, 2-(2-aminoethylamino)ethanol, 2-(2-aminoethylamino)ethylamine and the like, and other

strong organic bases such as guanidine, 1,3-pentanediamine, 4-aminomethyl-1,8-octanediamine,

aminoethylpiperazine, 4-(3-aminopropyl)morpholine, 1,2-diaminocyclohexane, tris(2-aminoethyl)amine, 2-methyl-

1,5-pentanediamine and hydroxylamine. Alkaline solutions containing metal ions such as sodium or potassium

may also be operative, but are not preferred because of the possible residual metal contamination that could

occur. Mixtures of these additional alkaline components, pailicularly ammonium hydroxide, with the

aforementioned tetraalkyl ammonium hydroxides are also useful.

[00161 The metal ion-free base will be employed in the formulations in an amount etfective to provide a highly

WO 2008/100377PCT/u82008/001103 about 0.01% to about 5% by weight (expressed as 3's
SiO4 of at least one water-soluble metal ion-free silicate corrosion inhibitor; (d) from about
0.01% to about 10% by weight of at least one metal chelating agent, and (e) from more than 0
to about 2.0% by weight of at least one oxometalate are provided in accordance with this
invention. Such formulations are combined with at least one peroxide reactive with the
oxometalates of the formulation such that perommetalates are formed prior to use of the
resulting cleaning compositions. The resulting compositions are placed in contact with a
microelectronic device such as a semiconductor wafer substrate for a time and at a
temperature sufficient to clean unwanted contaminants and/or residues from the substrate
surface. [0013] The present invention provides new aqueous formulations for combining with
a peroxide for stripping and cleaning semiconductor wafer surfaces of contaminants and
residues viThich formulations contain water (preferably high purity delonized water), one or
more metal ion-free bases, one or more metal ion-tree skate corrosion inhibitors, one or more
metal chelating agents and one or more oxametalates. [0014) Any suitable base may be used
in the aqueous formulations of the present invention, The bases are preferably quaternary
ammonium hydroxides, such as tetraalkyl ammonium hydroxides (including hydroxy- and
alkoxy-containing alkyl groups generally of from 1 to 4 carbon atoms in the alkyl or alkoxy
group). The most preferable of these alkaline materials are tetramethyl ammonium hydroxide
and trimethy1-2-hydroxyethyl ammonium hydroxide (choline). Examples of other usable
quaternary ammonium hydroxides include: trimethy1-3- hydroxypropyl ammonium hydroxide,
trimethy/-3-hydroxybutyl ammonium hydroxide, trimethy1-4-hydroxybutyl ammonium
hydroxide; triethy1-2-hydroxyethyl ammonium hydroxide, Inpropyl-2-hydroxyethyl ammonium
hydroxide, tributy1-2-hydroxyethyl ammonium hydroxide, dimethylethy1-2-hydroxyethyl
ammonium hydroxide, dimethyldi(2-hydroxyethyl) ammonium hydroxide;
monomethyltri(2-hydroxyethyl) ammonium hydroxide, tetraethyl ammonium hydroxide,
tetrapropyi ammonium hydroxide, tetrabutyl ammonium hydroxide, monorrethyl-triethyl
ammonium: hydroxide, monomethyltripropyl ammonium hydroxide, rnonomethyltdbutyl
ammonium hydroxide, monoethyltrimethyl ammonium hydroxide, monoelhyltributyl ammonium
hydroxide. dimethyldiethyl ammonium hydroxide, dirnethyldibutyl ammonium hydroxide, and
the like and mixtures thereof. 10015) Other bases that will function in the present invention
include ammonium hydroxide, organic amines particularly alkanolamines such as
2-aminoethanol, 1-amino-2-propanol, 1-amino-3-propanol. 2-(2- aminoethoxy)ethanol,
2-(2-aminoethylamino)ethanol, 2-(2-aminoethylamino)ethylamine and the like, and other
strong organic bases such as guanidine, 1,3-pentariediamine,
4-aminornethy1-1,8-octanediamine, aminoethylpiperazine, 4-(3-arninopropyl)morpholine,
1,2-diaminocyclohexane, tds(2-aminoethyparnine, 2-methyl1,5-pentanediamine and
hydroxylamine. Alkaline solutions containing metal ions such as sodium or potassium may
also be operative, but are not preferred because of the possible residual metal contamination
that could occur, Mixtures of these additional alkaline components, particularly ammonium
hydroxide, with the aforementioned letraalkyl ammonium hydroxides are also useful. [0016)
The metal ion-free base will be employed in the formulations in an amount effective to provide
a highly  WO 2008/100377Per/US2008/00110 alkaline pH to the final formulations, generally a
pH of from about 11 to about 13.4: 
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alkaline pH to the lìnal formulations, generally a pH of from about 1 1 to about 13.4.

[0017] Any suitable metal ion-free silicate may be used in the formulations of the present invention. The

silicates are preferably quatemary ammonium silicates, such as letraalkyl ammonium silicate (including hydroxy-

and alkoxy-containing alkyl groups generally of from 1 to 4 carbon atoms in the alkyl or alkoxy group), The most

preferable metal ion-free silicate component is tetramethyl ammonium silicate. Other suitable metal ion-free

silicate sources for this invention may be generated in-situ by dissolving any one or more of the following

materials in the highly alkaline cleaner. Suitable metal ion-free materials useful for generating silicates in the

cleaner are solid silicon wafers, silicic acid, colloidal silica, fumed silica or any other suitable form of silicon or

silica.

[00181 At least one metal ion-free silicate will be present in the formulation in an amount from about 0.01 to

about 5% by weight, preferably from about 0,01 to about 2%.

[0019] The formulations of the present invention are also formulated with suitable one or more metal chela¡ng

agents to increase the capacity of the formulation to retain metals in solution and to enhance the dissolution of

metallic residues on the wafer substrate. Typical examples of metal chelating agents useful for this purpose are

the following organic acids and their isomers and salts: (ethylenedinitrilo)tetraacetic acid (EDTA),

butylenediaminetetraacetic acid, cyclohexane-1,2-diaminetetraacetic acid (CyDTA), diethylenetriaminepentaacetic

acid (DETPA), ethylenediaminetetrapropionic acid, (hydroxyethyl)ethylenediaminetriacetic acid (HEDTA),

N,N,N',N'-ethylenediaminetetra(methylenephosphonic) acid (EDTMP), triethylenetetraminehexaacetic acid

(TTHA), 1,3-diamino-2-hydroxypropane-N,N,N',N'-tetraacetic acid (DHPTA), methyliminodiacetic acid,

propylenediaminetetraacetic acíd, nitrolotriacetic acid (NTA), citdc acid, tartaric acid, gluconic acid, saccharic acid,

glyceric acid, oxalic acid, phthalic acid, maleic acid, mandelic acid, malonic acid,lactic acid, salicylic acid,

catechol, gallic acid, propylgallate, pyrogallol, 8-hydroxyquinoline, and cysteine.

[00201 Prefened as the metal chelating agents are aminocarboxylic acids such as cyclohexane-1,2-

diaminetehaacetic acid (CyDTA), Metal chelating agents of this class have a high affinity for the aluminum-

containing residues typically found on melal lines and vias after plasma "ashing". ln addition, the pKa's for this

class of metal chelating agents typically include one pKa of approximately 12 which improves the performance of

the compositions of the invention.

[00211 At least one metal chelating agent will be present in the formulation in an amount from about 0,01 to

about 10% by weight, preferably in an amount from about 0.01 to about 2%

Í00221 Any suitable oxometalate of the transition metals from Groups V and Vl of the periodic chart may be

employed in the formulations of this invention. The oxometalate component may comprise one or more

oxometalates selected from mononuclear oxometalates, homopolynuclear oxometalates and heteropolynuclear

oxometalates. The transition metal oxometalates of this invention compñse oxometalates of molybdenum (Mo),

tungsten (W), vanadium (V), niobium (Nb), chromium (Cr) or tantalum (Ta). The oxometalate will be present in the

formulation in an amount of more than 0 to about 2%, preferably in an amount from about 0.01 to 2% by weight.

[0017) Any suitable metal ion-free silicate may be used in the formulations of the present
invention. The silicates are preferably quaternary ammonium silicates, such as letraalkyl
ammonium silicate (Including hydroxyand alkoxy-containing alkyl groups generally of from 1 to
4 carbon atoms in the alkyl or alkoxy group). The most preferable metal ion-free silicate
component is tetramethyl ammonium silicate. Other suitable metal ion-free silicate sources lor
this invention may be generated in-situ by dissolving any one or more of the following
materials in the highly alkaline cleaner. Suitable metal ion-free materials useful for generating
silicates in the cleaner are solid silicon wafers, silicic acid, colloidal silica, fumed silica or any
other suitable form of silicon or silica. [0018] At least one metal ion-free silicate will be present
in the formulation in an amount from about 0.01 to about 5% by weight, preferably from about
0.01 to about 2%.  [0019) The formulations of the present invention are also formulated with
suitable one or more metal chelating agents to increase the capacity ol the formulation to
retain metals in solution and to enhance the dissolution of metallic residues on the wafer
substrate. Typical examples of metal chelating agents uselul for this purpose are the following
organic acids and their isomers and salts: (ethylenedinitrilcntetraacetic acid (EDTA),
butylenediaminetetraacetic acid, cyclohexane-1,2-diaminetetraacetic acid (CyDTA),
diethylenetnaminepentaacetic acid (DETPA), ethyleneiliaminetetrapropionic acid,
(hydroxyethyl)ethytenediaminetriacetic acid (HEDTA),
N,N,NI,NI-ethylenediaminetetra(ntethylenephosphonic) acid (EDTMP),
triethylenetetraminehexaacetic acid (TTHA),
113-diarnino-2-hydroxypropane-N,N,11',Nr-letraacetic acid (DHPTA), methyliminodiacetic
acid, propylenediaminetetraxetic acid, nitrolotriacetic acid (NTA), citric acid, tartaric acid,
gluconic acid, saccharic acid, glyceric acid, oxalic acid, phthalic acid, maleic acid, rnandelic
acid, malonic acid,lactic acid, salicylic acid, catechol, gallic acid, propyl gallate, pyrogallol,
8hydroxyquinoline, and cysteine. (0020) Preferred as the metal chelating agents are
aminocarboxylic acids such as cyclohexane-1,2- diarninetetraacetic acid (CyDTA). Metal
chelating agents of this class have a high affinity for the aluminum-containing residues
typically found on metal lines and vias after plasma 'Sling". In addition, the pKa's for this class
of metal chelating agents typically include one pKa of approximately 12 which improves the
performance at the compositions of the invention, 100211 At least one metal chelating agent
will be present in the formulation in an amount from about 0,01 to about 10% by weight,
preferably in an amount from about 0.01 to about 2% [0022) Any suitable oxometalate of the
transition metals from Groups V and VI of the periodic chart may be employed in the
formulations of this invention. The oxornetalate component may comprise one or more
oxometalates selected from mononuclear oxometalates, homopolynuclear oxometalates and
heteropolynuclear oxometalates. The transition metal oxometafates of this invention comprise
oxornetalates of molybdenum (klo), tungsten (W), vanadium (V), niobium (Nb), chromium (Cr)
or tantalum (Ta). The oxometalate will be present in the formulation in an amount of mom than
0 to about 2%, preferably in an amount from about 0.01 to 2% by weight.  WO
2008/100377PCTIUS2008/001103 [0023) Suitable mononuclear oxometalates include those
of the formula [M04)aZ- , where M are high oxidation state early transition metals such as Cr,
V, Mo, VV, Nb, and Ta and Z is a charge balancing counter-ion. The most preferred charge
balancing counter-ions are protons, leb-aalkyl ammonium, and ammonium cations. Metal ions
such as sodium or potassium are also operative, but are not preferred because of the possible
residual metal contamination that could occur, One example of such a suitable mononuclear
oxemetalate is, for example, (Nki4)2Mo04, where NH4r is the charge balancing counter-ion
and Mo04- is the oxometalate. 
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[00231 Suilable mononuclear oxometalates include those of the formula [MOpl"ã , where M are high oxidation

state early transition metals such as Cr, V, Mo, W, Nb, and Ta and Z is a charge balancing counter-ion. The most

prefened charge balancing counter-ions are protons, tekaalkyl ammonium, and ammonium cations. Metal ions

such as sodium or potassium are also operative, but are not prefened because of the possible residual metal

contamination that could occur. One example of such a suitable mononuclear oxometalate is, for example,

(NHo)zMoOr, where NH¿'is the charge balancing counter-ion and MoOr' is the oxometalate.

10024] Suilable homopolynuclear oxometalates include those of the formula [M,O,],Z' where M are high

oxidation state early transition metals such as Cr, V, Mo, W, Nb, and Ta and Z is a charge balancing counter-ion..

These are formed from the mononuclear oxometalates by condensation with acid. One example of a suitable

homopolynuclear oxometalate is (NHlþMozOz¿ where NH¿* is the charge balancing counler-ion and Mo¡Oz¿G is the

homopolynuclear oxometalate. Suitable heteropolynuclear oxometalates include those of the formula [X*MrOplr-

Z- where M are high oxidation state early transition metals such as Cr, V, Mo, W, Nb, and Ta; X is a heteroatom

that can be either a transition metal or a main group elemenl and Z is a charge balancing counter-ion. One

example of a suitable heteropolynuclear oxometalate is H¿SiWrzO¡0, where H. is the charge balancing counter ion,

Si is the heteroatom X, and W is the early transition metal M.

100251 The formulations of this invention may contain optional ingredients that are not harmful to the

effectiveness of the cleaning composition, such as for example, surfactants, residue remover enhancers, and the

like,

[0026] Suitable oxometalates for the formulations of this invention include, but are not limited to, ammonium

molybdate ((NH¿)zMoO¿), ammonium tungstate ((NHrþWOr), tungstic acid (HzWOn), ammonium metavanadate

(NHrVO3), ammonium heptamolydbate ((NHr)oMorOz¡), ammonium metatungstate ((NHr)oHzWrzO¿o), ammonium

paratungstate ((NHr)roHzWuOc), tetramethylammonium decavanadate ((TMA)nHzVroOze), tetramethylammonium

decaniobate ((TMAþNbroOæ), ammonium dichromate ((NH¿)zCrzOz), ammonium phosphomolybdate

((NH¿)¡PMorzO¿¡, silicotungstic acid (HaSiWrzOo), phosphotungstic acid (H3PWrzOæ), phosphomolybdic acid

(H3PMorzOo), silicomolybdic acid (HrSiMorzO¡o), and molybdovanadophosphates (HsPMoroVzOro).

f0027] Example of prefened formulations of this invention include, but are not limited to, formulations that

comprise 2.1o/o tetramethylammonium hydroxide, 0.14o/o tetramethylammonium silicate, 0.1270 trans-l,2-

cyclohexanediamine tetraacetic acid, and from about 0.01 to about 2% ammonium molybdate or silicotungstic

acid and the balance water to 100%.

[0028] The afore-described formulations will be combined with at least one peroxide in a ratio of said formulation

to peroxide from about 5:1 to about 40:1, preferably a ratio of from 15:1 to 30:1, and most preferably at a ratio of

20:1 to provide microelectronic cleaning compositions. Any suitable peroxide that is reactive with the

oxometalates of the afore-described formulations so as to form peroxometalates may be employed. Suitable

peroxides include hydrogen peroxide; peroxyacids such as peroxydiphosphoric acid (HrPzOe), peroxydisulfuric

acid (HrSzOa), phthalimidoperoxycaproic acid, peroxyacetic acid (CzH¿Og), peroxybenzoic acid, diperoxyphthalic

10024) Suitable hornopolynuclear oxometalates include those of the formula [MaOprZ where
M are high oxidation state early transition metals such as Cr, V. l'41o, W, Nb, and Ta and Z is
a charge balancing counter-ion,. These are formed from the mononuclear oxometalas by
condensation with acid. One example of a suitable homopolynuclear onmetalate is
(Nk14)6Mor024 where NH4 is the charge balancing counter-ion and Mc70246- is the
homopolynuclear oxometalate. Suitable heteropolynuclear oxonietalates include those of the
formula [X,M,OapZ where M are high oxidation state early transition metals such as Cr, V,
Mo, W, Nb, and TC:; X is a heteroatom that can be either a transition metal or a main group
element and Z is a charge balancing counter-ion. One example of a suitable
heteropolynuclear oxomelalate is H46iW12040, where kir is the charge balancing counter ion,
Si is the heteroatom X, arid W is the early transition metal M. 0025] The formulations of this
invention may contain optional ingredients that are not harmful to the effectiveness of the
cleaning composition, such as for example, surfactants, residue remover enhancers, and the
like. 10026) Suitable oxornetalates for the formulations of this invention include, but are not
limited to, ammonium molybdate ((NI-42M004), arnmonium tungstate ((NH4)2W04), tungstic
acid (H2W04), ammonium metavanadate (111-14V03), ammoniurn heptamolydbate
UNH4)3Mw024), ammonium metatungstate ((Nti4)5H2W,200), ammonium paratungstate
((NI-14)43H2W52042), tetramethylammonium decavanadate ((TMA)4H2V1a023),
tetramethylammonium decaniobate ((TMA)6Nbi0020), ammonium dichromate PH4)2Cr2O7),
ammonium phosphornolybdate fiNH43PMo12040, silicotungstic acid (H4SiW1204a):
phosphotungstic acid (1-13PW12043), phosphomolyhdic acid (H3PMoi2040), silicomolybdic
acid (H4Sittloi2040, and molybdovanadophosphates (FIRM V 0 ) lc. 2 - 40, .  [0027] Example
of preferred formulations of this invention include, but are not limited to, formulations that
comprise 2.1% tetramethylammonium hydroxide, 0.14% tetramethylammoniurn silicate,
0.12% trans-1,2- cyclohexanediamine tetraacelic acid, and from about 0.01 to about 2%
ammonium molybdate or silicotungstic acid and the balance water to 100%,  [0028] The
afore-described formulations will be combined with at least one peroxide in a ratio of said
formulation to peroxide from about 5:1 to about 40:1, preferably a ratio of from 15:1 to 30:1,
and most preferably at a ratio of 201 to provide microelectronic cleaning compositions. Any
suitable peroxide that is reactive with the oxometalates of the afore-described formulations so
as to form peroxornetalates may be employed. Suitable peroxides include hydrogen peroxide;
peroxyacids such as peroxydiphosphoric acid (H4P208), peroxydisulfuric acid (1-14S203),
phthalimidoperoxycaproic acid, peroxyacetic acid (C21-1403), peroxybenzoic acid,
diperoxyphthalic  WO 2008/100377PCIMS2008/001 acid, and salts thereof; and alkyl
peroxides such as berizoyl peroxide, methyl ethyl ketone peroxide, dicumyl peroxide.
tert-butylcumyl peroxide. The preferred peroxide is hydrogen peroxide. 
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ac¡d, and salts thereof; and alkyl peroxides such as benzoyl peroxide, methyl ethyl ketone peroxide, dicumyl

peroxide, tert-butylcumyl peroxide. The preferred peroxide is hydrogen peroxide.

[0029] The enhanæd cleaning efüciency is believed to be a result of the activation of peroxide by these

oxometalate species. ln basic solution, oxometalates (Metal = ìifl, Mou, Cru, !rv, Nbv, and Tav) react with peroxides

to form inorganic peroxometalates. These peroxomelalates may enhance cleaning in two ways. First,

peroxometalates decompose to generate singlet oxygen, a highly reactive radical oxidizer that is a stronger oxidant

than hydrogen peroxide. lt is believed that this singlet oxygen may improve residue oxidation and therefore improve

dissolulion of the residue, Peroxometalates are also known to be efficient catalysts for the oxidation of organics by

peroxide. This catalytic activity may enhance oxidation and removal of carbon based residues.

t00301 Because of the decomposition of the resulting peroxometalates generated in the combined solution, the

lifetime of these solutions is generally limited. Based on the red color of solution genenated by peroxomolybdate,

the prefened formulation of paragnaph [0027] that contains ammonium molybdate when mixed with hydrogen

peroxide (207d in a20: l dilution displays a lifetime between 5 minutes (2% ammonium molybdate) and 45 minutes

(0.01% ammonium molybdate) at 250. ln the case of the prefened formulation of paragraph [0027] that contains

silicotungstic acid, the lifetime of the cleaning composition resulting from the formulation being mixed with 20%

hydrogen peroxide (20:1) is much longer, between 45 minutes (2% silicotungstic acid) and 5 hrs (0.01% silicotungstic

acid) based on the color change. A measurement of Al etch rate changes for the cleaning composition comprising

the prefened formulation of paragraph [0027] that contains silicotungstic acid (0.5%) when mixed with hydrogen

peroxide 200/o in a 20:1 dilution displayed a bath life of only 3.5 hns, but the composition could be reactivated by

spiking with hydrogen peoxide. Heating of these compositions results in a dramatic decrease in the lifetime of these

compositions.

10031] One other concem of using oxometalates in these cleaning composit¡ons for the semiconductor and

microchip industries is the possibility of metals left on the wafer surface after treatment. Metal absorption of

molybdenum and tungsten from these compositions were tested using XPS (X+ay photoeleclron spectroscopy).

After treatment of Al and TEOS wafers in ammonium molybdate and silicotungstate containing prefened formulations

of paragraph [0027] mixed in a 20:1 ratio with hydrogen peroxide (20%), rinsing for 1 min. in Dl water, and drying in

Ar, no Mo or W were observed on any of the wafer surfaces. This suggests that these metal anions can easily be

rinsed from wafer surfaces and tnansition metal contamination should not be a problem with these formulations,

[0032] Etching nates of cleaning compositions of this invention were measured at 25o C with the prefened

formulations of paragraph [0027] to which was added 20% hydrogen peroxide at a dilution ratio of 20:1. For

comparison, a control formulation was prepared without any oxometalate (control formulation = waler, 2.1o/o

tetramethylammonium hydroxide, 0.14% tetramethylammonium silicate, 0.12% trans-1,2-cyclohexanediamine

telraacetic acid, All tested prefened cleaning compositions containing silicotungstic acid or ammonium molybdate

did not significantly reduce Al, Ti, and TEOS etch rates comparable to the Control formulation but W etch rates were

approximately one half of those obtained with the Control formulation.

[0029] The enhanced cleaning efficiency is believed to be a result of the activation of peroxide
by these oxometalate species. in basic solution, oxometalates (Metal = Wvl, Mov], Vv, Nbv,
and Tay) react with peroxides to form inorganic peroxometalates. These peroxometalates
may enhance cleaning in two ways. First, peroxometalates decompose to generate singlet
oxygen, a highly reactive radical oxidizer that is a stronger oxidant than hydrogen peroxide. Its
believed that this singlet oxygen may improve residue oxidation and therefore improve
dissolution of the residue, Peroxometalates are also known to be efficient catalysts for the
oxidation of organics by peroxide. This catalytic activity may enhance oxidafion and removal
of carbon based residues.  10030] Because of the decomposition of the resulting
peroxometalafes generated in the combined solution, the lifetime of these solutions is
generally limited, Based on the red color of solution generated by peroxomolybdate, the
preferred formulation of paragraph [0027] that contains ammonium rnolybdate when mixed
with hydrogen peroxide (20%) in a 20; 1 dilution displays a lifetime between 5 minutes (2%
ammonium molybdate) and 45 minutes (0.01% ammonium molybdate) at 25. In the case of
the preferred formulation of paragraph [0027] that contains silicotungstic acid, the lifetime of
the cleaning composition resulting from the formulation being mixed with 20% hydrogen
peroxide (20:1) is much longer, between 45 minutes (2% silicotungstic acid) and 5 his (0.01%
silicotungstic acid) based on the color change. A measurement of Al etch rate changes for the
cleaning composition comprising the preferred formulation of paragraph [0027] that contains
silicotungstic acid (0,5%) when mixed with hydrogen peroxide 20% in a 201 dilution displayed
a bath life of only 3.5 his, but the composition could be reactivated by spiking with hydrogen
peroxide. Heating of these compositions results in a dramatic decrease in the lifetime of these
compositions. [0031] One other concern of using oxoiretalates in these cleaning compositions
for the semiconductor and microchip industries is the possibility of metals left on the wafer
surface after treatment. Metal absorption ol molybdenum and tungsten from these
compositions were tested using XPS (X-ray photoelectron spectroscopy). After treatment of Al
and TEOS wafers in ammonium rnolybdate and silicolungstate containing preferred
formulations of paragraph 10027] mixed in a 201 ratio with hydrogen peroxide (20%), rinsing
for 1 mm. in DI water, and drying in Ar, no Mc or W were observed on any of the wafer
surfaces. This suggests that these metal anions can easily be rinsed from wafer surfaces and
transition metal contamination should not be a problem with these formulations. [0032]
Etching rates of cleaning compositions of this invention were measured at 25 C with the pre!
ired formulations of paragraph [0027] to which was added 20% hydrogen peroxide at a
dilution ratio of 20:1. For comparison, a control formulation was prepared without any
oxometalate (control formulation = water, 2.1% letramethylaminonium hydroxide, 0,14%
tetramethylammonium silicate, 0.12% trans-1,2-cyclohexanediamine tetraacetic acid. All
tested preferred cleaning compositions containing silicolungsfic acid or ammonium molybdate
did not significantly reduce Al, Ti, and TEOS etch rates comparable to the Control formulation
but W etch rates were approximately one half of those obtained with the Control formulation.
WO 20081100377PCl/US2uotri00t 103 10033] Cleaning efficiencies of these preferred
formulations to which was added 20% hydrogen peroxide at a ratio of 20:1 were tested on
both Al metal lines and vias. As a control, the Control lormulation of paragraph [0032] was
used. In the case of the tested Al metal lines, the Control formulation could only remove all the
residue after 5 min. at 
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[0033] Cleaning efficiencies of these prefened formulations to which was added 20% hydrogen peroxide at a ratio

of 20:1 were lested on both Al metal lines and vias. As a contrcl, the Control formulation of paragraph [0032t was

used. ln the case of the tested Al metal lines, the Control formulation could only remove all the residue after 5 min. at

450 C, but galvanic conosion was always observed, even after 5 min, at 250 C. For both prefened formulations, a

dnamatic decrease in galvanic conosion was observed compared to the control formulation, and residue removal was

accomplished at a reduced temperature and treatment time. For the prefened formulation containing ammonium

molybdate (0.1olo), these metal lines were cleaned without conosion in as little as 2 min. at 250 C., For the prefened

formulation containing silicotungstic acid (0.57o), the metal lines could be completely cleaned in 2 min. at 2So C, with

almost no conosion observed. ln the case of the tested Al vias, the Controlformulation could clean the vias in as litile

as 5 min. at 250 C with a 20 % hydrcgen peroxide ratio of 20:1, The prefened formulation with silicotungstic acid

allowed for a higher ratio of formulation lo 20o/o hydrogen peroxide (30:1) to be used without the increased conosion

observed with the Controlfonnulation. Cleaning could be done in this case in as little as 2 min. at 250 C.

t00341 ln general, the prefened formulations containing silicotungstic acid and ammonium molybdate display

improved conosion inhibition and cleaning efficiency over the Control formulation. Also in both cases, tungsten etch

rates are cut nearly in half relative to the controlformulation..

[0035] While the invention has been described herein with reference to the specifìc embodiments thereof, it will

be appreciated that changes, modilication and variations can be made without departing from the spirit and scope

of the inventive concept disclosed herein. Accordingly, it is intended to embrace all such changes, modifìcation

and varialions that fall with the spirit and scope of the appended claims.

C, but galvanic corrosion was always observed, even after 5 ruin, at 25 C. For both preferred
formulations, a dramatic decrease in galvanic corrosion was observed compared to the
control formulation, and residue removal was accomplished at a reduced temperature and
treatment time. For the preferred formulation containing ammonium molybdate (0.1%), these
metal lines were cleaned without corrosion in as little as 2 ruin, at 25 C., For the preferred
formulation containing silicotongsfic acid (0.5%), the metal lines could be completely cleaned
in 2 min, at 25 C, with almost no corrosion observed. In the case of the tested Al vies, the
Control formulation could clean the vies in as little as 5 min. at 25 C with a 20 % hydrogen
peroxide ratio of 20:1, The preferred formulation with silicolungstic acid allowed for a higher
ratio of formulation to 20% hydrogen peroxide (30:1) to be used without the increased
corrosion observed with the Control formulation. Cleaning could be done in this case in as
little as 2 min, at 25C. [0034] In general, the preferred formulations containing silicotengstic
acid and ammonium rnolybdate display improved corrosion inhibition and cleaning efficiency
over the Control formulation. Also in both cases, tungsten etch rates are cut nearly in half
relative to the control formulation.. [0035] While the invention has been described herein with
reference to the specific embodiments thereof, it will be appreciated that changes,
modification and variations can be made without departing from the spirit and scope of the
inventive concept disclosed herein. Accordingly, it is intended to embrace all such changes,
modification and variations that fall with the spirit and scope of the appended claims.  I. An
alkaline, aqueous formulation for combining with peroxide for cleaning a microelectronic
device, the formulation comprising: (a) water, (b) at /east one metal ion-free base at sufficient
amounts to produce a final formulation having an alkaline pH (c) from about 0,01% to about
5% by weight (expressed as % Si02) of at least one water-soluble metal ion-free silicate
corrosion inhibitor; (d) from about 0,01% to about 10% by weight of at least one metal
chelating agent, and (e) from more than 0 to about 2.9% by weight of at least one
oxometalate, 2 A formulation according to claim 1 wherein the oxornetalate is an oxometalate
of a metal selected from molybdenum (fy1o), tungsten (W), vanadium (V), niobium (Nb),
chromium (Cr) and tantalum (ra). 3. A formulation according to claim 2 wherein the
oxornetalate is selected from mononuclear oxornetalates, hornopolynuclear oxometalates and
heteropolynuclear oxometalates. 4. A formulation according to claim 2 wherein the alkaline pH
of the formulation is from about pH 11 to about 13,4, 5. A formulation according to claim 2
wherein the metal ion-free base is an ammonium hydroxide, the metal ion-free silicate is a
quaternary ammonium silicate, and the metal chelating agent is an aminocarboxylic acid, 



Claims:

An alkaline, aqueous formulation for combining with peroxide for cleaning a microelectronic device,

the formulation comprising: (a) water, (b) at least one metal ion-free base at sufficient amounts to

produce a final formulation having an alkaline pH (c) from about 0.01o/o to about 5o/o by weight

(expressed as % SiO2) of at least one water-soluble metal ion-free silicate corrosion inhibitor; (d) from

about 0.01% to about 'l0o/o by weight of at least one metal chelating agent, and (e) from more than 0

to about 2.0o/o by weight of at least one oxometalate.

A formulation according to claim 1 wherein the oxometalate is an oxometalate of a metal selected

from molybdenum (Mo), tungsten (W), vanadium (V), niobium (Nb), chromium (Cr) and tantalum (Ta).

A formulation according to claim 2 wherein the oxometalate is selected from mononuclear

oxometalates, homopolynuclear oxometalates and heteropolynuclear oxometalates.

A formulation according to claim 2 wherein the alkaline pH of the formulation is from about pH 11 to

about 13.4.

A formulation according to claim 2 wherein the metal ion-free base is an ammonium hydroxide, the

metal ion-free silicate is a quaternary ammonium silicate, and the metal chelating agent is an

aminocarboxylic acid.

A formulation according to claim 5 wherein the oxometalate is selected from ammonium molybdate

((NHa)2MoOa), ammonium tungstate ((NH4)2WO4), tungstic acid (H2WOa), ammonium metavanadate

(NH4VO3), ammonium heptamolydbate ((NH¿)oMotOzt), ammonium metatungstate ((NH4)6H2WrzO¿o),

ammonium paratungstate ((NH4)roH2WnOcz), tetramethylammonium decavanadate

((TMA)4H2VroOze), tetramethylammonium decaniobate ((TMA)oNbroOza), ammonium dichromate

((NH)2Cr2O7), ammonium phosphomolybdate ((NHr)gPMo12Oas, silicotungstic acid (HaSi\A/rzO¿o),

phosphotungstic acid (HePWrzOro), phosphomolybdic acid (H3PMo12Oae), silicomolybdic acid

(HaSiMol2Oae), and molybdovanadaphosphates (HsPMoroVzOro)

A formulation according to claim 6 wherein the metal ion-free base is tetramethylammonium

hydroxide, the metal ion-free silicate is tetramethylammonium silicate, the metal chelating agent is

trans-1,2-cyclohexanediamine tetraacetic acid, and the oxometalate is selected from ammonium

molybdate and silicotungstic acid.

4.

9

6. A formulation according to claim 5 wherein the oxometalate is selected from ammonium
molybdate ((NH4)2Mo04), ammonium tungstate ((NH4)2W04), tungstic acid (H2W04),
ammonium metavanadate (NR4V03), ammonium heptamolydbate ((NH4)611:107024),
ammonium metatungstate ((NR061-42W,2040),
ammoniumparatungstate((Nt14)101-12W12042),tetramethylammoniumdecavanadate
((TMA)4H2V10028), tetramethylammoniurn decanrobate ((TMA)6Nb10028). ammonium
dichromate ((N1-14)2Cr207), ammonium phosphomolybdate ((NH4)3PM012040,
silicotungstic acid (H4S1W12040), phosphotungstic acid (H3PW12040), phosphomolybdic
acid (H3PMo12040), silicomolybdic acid (H4SiMo12040), and molybdovanadaphosphates
(H5PliAot0V2043) 7. A formulation according to claim 6 wherein the metal ion-free base is
tetramethylammonium hydroxide, the metal ion-free silicate is tetramethylammonium silicate,
the metal chelating agent is trans-1,2-cyclohexanediamine tetraacetic acid, and the
oxometalate is selected from ammonium rnolybdate and silicotungstic acid.  8. A formulation
according to claim 7 comprising 2.1% tetramethylammonium hydroxide, 0.14%
tetramethylarnmonium silicate, 012% trans-1,2-cyclohexanediamine tetraacetic acid, and from
about 0.01 to about 2% of the oxometalate, and the balance water to 100%, all by weight 9. A
formulation according to claim 8 wherein the oxometalate is amnion um molybdate, or
silicotungstic acid. 10. An alkaline, aqueous cleaning composition for cleaning a
microelectronic device, the cleaning composition comprising the formulation according to any
of claims 1,2 or 7 admixed with at least one peroxide in a ratio of the formulation to peroxide
from about 5:1 to about 40:1 and wherein the at least one peroxide is reactive with the
oxornetalate to form a peroxometalate. 11. An alkaline, aqueous cleaning composition
according to claim 10 wherein the at least one peroxide comprises hydrogen peroxide. 12, A
process for cleaning contaminants or residue from a microelectronic substrate comprising
contacting the microelectronic substrate with a cleaning composition of claim 10 for a time and
temperature sufficient to remove the contaminants or residue, 



8. A formulation according to claim 7 comprising 2.1o/o tetramethylammonium hydroxide, 0.14o/o

tetramethylammonium silicate, 0.12o/o trans-1,2-cyclohexanediamine tetraacetic acid, and from about

0.01 to aboul2o/o of the oxometalate, and the balance water to 100o/o, all by weight

9. A formulation according to claim I wherein the oxometalate is ammonium molybdate, or silicotungstic

acid.

10. An alkaline, aqueous cleaning composition for cleaning a microelectronic device, the cleaning

,composition comprising the formulation according to any of claims 1,2 or 7 admixed with at least one

peroxide in a ratio of the formulation to peroxide from about 5:1 to about 40:1 and wherein the at least

one peroxide is reactive with the oxometalate to form a peroxometalate.

11. An alkaline, aqueous cleaning composition according to claim 10 wherein the at least one peroxide

comprises hydrogen peroxide.

12. A process for cleaning contaminants or residue from a microelectronic substrate comprising

contacting the microelectronic substrate with a cleaning composition of claim 10 for a time and

temperature sufficient to remove the contaminants or residue.

l0


