
MICROELECTRON IC CLEAN¡NG COMPOSITION CO NTAIN ING

HALOGEN OXYGEN ACIDS, SALTS AND DERIVATIVES THEREOF

FIELD OF THE INVENTION

[000f ] This invention relates to methods and cleaning compositions for cleaning

microelectronic substrates, and particularly to such cleaning compositions useful

w¡th and having improved compatibility with rnicroelectronic substrates

characterized by silicon dioxide, sensitive low-r or high-r dielectrics and copper,

tungsten, tantalum, nickel, gold, cobalt, palladium, platinum, chromium, ruthenium,

rhodium, iridium, hafnium, titanium, molybdenum, tin and other metallization, as

well as substrates of Al or Al(Cu) metallizations and advanced interconnect

tebhnologies. The invention also relates to the use of such cleaning compositions

for stripping photoresists, and cleaning residues from plasma process generated

organic, organometallic and inorganic compounds, and cleaning residues from

planarization processes such as chemical mechanical polishing (CMP).
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BACKGROUND TO THE INVENTION

[00021 Many photoresist strippers and residue removers have been proposed

for use in the microelectronics field as downstream or back end of the

manufacturing line cleaners. ln the manufacturing process a thin film of

photoresist is deposited on a wafer substrate, and then circuit design is imaged on

the thin film. Following baking, the unpolymerized resist ls removed with a

photoresist developer. The resulting image is then transfened to the underlying

materlal, which is generally a dielectric or metal, by way of reactive plasma etch

gases or chemical etchant solutions. The etchant gases or chemical etchant

solutions selectively attack the photoresist-unprotected area of the substrate. As a

result of the plasma etching process, photoresist, etching gas and etched material

by-products are deposited as residues around or on the sidewall of the etched

openings on the substrate.
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MICROELECTRONIC CLEANING COMPOSITION CONTAINING HALOGEN OXYGEN
ACIDS, SALTS AND DERIVATIVES THEREOF FIELD OF THE INVENTION [0001]This
invention relates to methods and cleaning compositions for cleaning microelectronic
substrates, and particularly to such cleaning compositions useful with and having improved
compatibility with microelectronic substrates characterized by silicon dioxide, sensitive low-K
or high-x dielectrics and copper, to tungsten, tantalum, nickei, odd, cobalt, palladium,
platinum, chromium, ruthenium, rhodium, iridium, hafnium, titanium, molybdenum, tin and
other metallization, as well as substrates of Al or Al(Cu) metallizations and advanced
interconnect technologies. The invention also relates to the use of such cleaning compositions
for stripping photoresists, and cleaning residues from plasma process generated isorganic,
organometallic and inorganic compounds, and cleaning residues from planarization processes
such as chemical mechanical polishing (CMP). BACKGROUND TO THE INVENTiON
20[0002] Many photoresist strippers and residue removers have been proposed for use in the
microelectronics field as downstream or back end of the manufacturing line cleaners. In the
manufacturing process a thin film of photoresist is deposited on a wafer substrate, and then
circuit design is imaged on the thin film, Following baking, the unpolymerized resist is
removed with a 25 photoresist developer. The resulting image is than &angered to the
underlying material, which is generally a dielectric or metal, by way of reactive plasma etch
gases or chemical etchant solutions. The etchant gases or chemical etchent solutions
selectively attack the photoresig-unprotected area of the substrate. As a result of the plasma
etching process, photoresist, etching gas and etched material soby-products are deposited as
residues around or on the sidewall of the etched openings on the substrate.
100031Additionally, following the termination of the etching step, the resist mask must he
removed from the protected area of the wafer so that the final finishing operation can take
place. This can be accomplished in a plasma ashing step by the use of suitable plasma
ashing gases or wet chemical strippers. Finding a suitable cleaning composition for removal of
this resist mask material without adversely affecting, e.g., corroding, dissolving or dulling, the
metal circuitry has also proven problematic, la[00041As microelectronic fabrication integration
levels have increased and patterned microelectronic device dimensions have decreased, it
has become increasingly common in the art to employ copper metallizations, low-x and high-K
dielectrics, These materials have presented additional challenges to find acceptable cleaner
compositions. Many process technology compositions that 15 have been previously
developed for "traditional" or "conventional" semiconductor devices containing A113102 or
Al(Cu)15i02 structures cannot he employed with copper, tungsten, tantalum, nickel, gold,
cobalt, palladium, platinum, chromium, ruthenium, rhodium, iridium, hafnium, titanium,
molybdenum, tin and other metallized, and low-K or hiph-K dielectric structures. For example,
hydroxylamine 20. based stripper or residue remover compositions are successfully used for
cleaning devices with Al metallizations, but are practically unsuitable for those with copper
and other metallizations. Similarly, many copper metallized/ low-K strippers are not suitable
for Al metallized devices unless significant adjustments in the compositions are made. 25
[0005]Removal of these etch and/or ash residues following the plasma etch and/or ashing
process has proved problematic. Failure to completely remove or neutralize these residues
can result in the absorption of moisture and the formation of undesirable materials that can
cause corrosion to the metal structures, The 30circuitry materials are corroded by the
undesirable materials and produce  discontinuances in the circuitry wiring and undesirable
increases in electrical resistance. [00061The current back end cleaners show a wide range of
compatibility with 



[00031 Additionally, following the termination of the etching step, the resist

mask must be removed from the protected area of the wafer so that the final

finishing operation can take place. ThÍs can be accomplished in a plasma ashing

step by the use of suitable plasma ashing gases or wet chemical strippers.

Finding a suitable cleaning composition for removal of this resist mask material

without adversely affecting, e.9., corroding, dissolving or dulling, the metaf

circuitry has also proven problematic.

L0 [00041 As microelectronic fabrication integration levels have increased and

patterned microelectronic device dimensions have decreased, it has become

increasingly common in the art to employ copper metallizations, low-r and high-r

dielectrics. These materials have presented additional challenges to find

acceptable cleaner compositions. Many process technology compositions that

have been previously developed for "traditional" or "conventional" semiconductor

devices containing AI/S¡O2 or Al(Cu)/SiO2 structures cannot be employed with

copper, tungsten, tantalum, nickel, gold, cobalt, palladium, platinum, chromium,

ruthenium, rhodium, iridium, hafnium, titanium, molybdenum, tin and other

metallized, and low-r or high-r dielectric structures. For example, hydrorylamine

based stripper or residue remover compositions are successfully used for cleaning

devices with Al metallizations, but are practically unsuitable for those with còpper

and other metallizations. Similarly, many copper metallized/ low-r strippers are not

suitable for Al metallized devices unless significant adjustments in the

compositions are made.

[00051 Removal of these etch and/or ash residues following the plasma etch

and/or ashing process has proved problematic. Failure to completely remove or

neutralize these residues can result in the absorption of moisture and the formation

of undesirable materials that can cause corosion to the metal structures, The

circuitry materials are conoded by the undesirable materials and produce
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certain, sensitive dielectrics and metallizations, ranging from totally unacceptable to
marginally satisfactory. Many of the current strippers or residue cleaners are not acceptable
for advanced interconnect materials such as porous and low-K dielectrics and copper
metallizations. Additionally, the typical alkaline cleaning solutions employed are overly
aggressive towards porous and low-K and high-K. 10 dielectrics and/or copper metallizations.
Moreover, many of these alkaline cleaning compositions contain organic solvents that show
poor product stability, especially at higher pH ranges and at higher process temperatures.
[0007]Heretofore, oxidizers have been used in cleaning compositions in 15 primarily aqueous
form. Oxidizers, such as the commonly used hydrogen peroxide and peracids, are known to
react readily or decompose easily, especially in organic solvent matrices that have been
generally employed in stripping compositions. In such instances the oxidizing agent is
consumed and becomes unavailable for its intended use. Additionaiiy, microelectronic
cleaning compositions containing 20 oxidizers often show poor product stability, especially in
the presence of significant amounts of 10 wt% or more of organic solvents, and at higher pH
ranges and high process temperatures. Furthermore, in many compositions the use of
stabilizers and solvents often tie up the oxidizing agent resulting in diminished capabilities of
performing effective oxidation/reduction reactions employed in the cleaning 25 process. In US
Patent No. 6,116,254 the inventors teach introducing chlorine gas into pure water in a tank to
thereby generate chloride ions, hypochlorite ions, chlorite ions and chlorate ions in the pure
water and, then immersing a substrate in the pure water solution for cleaning. Such a cleaning
scheme is not well controlled or stable over a period of days and is certainly not
environmentally friendly and has Jotoxic properties. Additionally, the amount of dissolved
chlorine is limited to no  more than 0,3% due to the limitation of the amount of chlorine gas
dissolvable in the water. Furthermore, the pure water solutions with dissolved chlorine gas is
always an acidic mixture and, thus, not usable in situations where an alkaline cleaning
solution is desired or required. Moreover, such a cleaning solution is not a preformed product
capable of being packaged and transported for use at a site remote from its production. Also,
the patentees state that it is sometimes necessary to screen the irradiation of visible and/or
UV light to the pure water solution containing the dissolved chlorine gas in order to prevent
decomposition from occurring. The pure water solution containing the dissolved chlorine gas
is is also temperature sensitive and is generally kept at a temperature of 10C while being
generated and until ready for use. Ali of the drawbacks make this cleaning system not very
desirable and severely limits its use, BRIEF SUMMARY OF THE INVENTION [00OB] There
is, therefore, a need for microelectronic dewing compositions that are suitable for back end
cleaning operations, which compositions are effective cleaners and are applicable for stripping
photoresists and cleaning residues from plasma process generated organic, organometallic
and inorganic 20 compounds, cleaning residues from planarization processes, such as CMP,
and which can be used for advanced interconnect materials employing copper and other
metallizations, including but not limited to tungsten, tantalum, nickel, gold, cobalt, palladium,
platinum, chromium, ruthenium, rhodium, iridium, hafnium, titanium, molybdenum, and tin
metallization, and porous or non-porous low-K ( is., 25 a K value of 3 or less) or high-K (1,e,, a
K value of 20 or greater) dielectrics as well as useful for cleaning conventional devices, such
as those with aluminum or aluminum(copper) metallizations containing silicon dioxide, low-K
or hlgh-x dielectrics. There is also a need for such cleaning compositions that avoid pitfalls
and drawbacks of the cleaning system disclosed in US Patent No, 6,116,254 as 30mentioned
hereinbefore. This invention also relates to such compositions that are generally effective
cleaners for cleaning all such devices over a wide range of pH  conditions. (0009]It has been
discovered that effective microelectronic cleaning compositions for cleaning microelectronic
substrates, and particularly cleaning compositions useful with and having improved
compatibility with microelectronic substrates characterized by silicon dioxide, sensitive low-r or



discontinuances in the circuitry wiring and undesirable increases in electrical

resistance.

[00061 The cunent back end cleaners show a wide range of compatibility with

certain, sensitive dielectrics and metallizations, ranging from totally unacceptable to

marginally satisfactory. Many of the cunent strippers or residue cleaners are not

acceptable for advanced interconnect materials such as porous and low-r

dielectrics and copper metallizations. Additionatly, the typical alkaline cleaning

solutions employed are overly aggressive towards porous and low-r< and high-rc

dielectrics and/or copper metallizations. Moreover, many of these alkaline cleaning

compositions contain organic solvents that show poor product stability, especially

at higher pH ranges and at higher process temperatures.

[00071 Heretofore, oxidizers have been used in cleaning compositions in

primarily aqueous form. Oxidizers, such as the commonly used hydrogen peroxide

and peracids, are known to react readily or decompose easily, especially in organic

solvent matrices that have been generally employed in stripping compositions. ln

such instances the oxidizing agent is consumed and becomes unavailable for its

intended use. Additionally, microelectronic cleaning compositions containing

oxidizers often show poor product stability, especially in the presence of significant

amounts of 10 wt% or more of organic solvents, and at higher pH ranges and high

process temperatures. Fuñhermore, in many compositions the use of stabilizers

and solvents often tie up the oxidizing agent resulting in diminished capabilities of

performing effective oxidation/reduction reactions employed in the cleaning

process. ln US Patent No. 6,116,254 the inventors teach introducing chlorine gas

into pure water ln a tank to thereby generate chloride ions, hypochlorite ions,

chlorite ions and chlorate ions in the pure water and, then immersing a substrate in

the pure water solution for cleaning. Such a cleaning scheme is not well controlled

or stable over a period of days and is certainly not environmentally friendly and has

toxic properties. Additionally, the amount of dissolved chlorine is limited to no
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15 alkaline bases, non-ammonium bases, acids, organic and inorganic metal cheiating or
complexing agents, cleaning performance enhancing additives including metal ion-free
silicates, metal corrosion inhibitors, fluorides, and surfactants. 20tOoillA further feature of this
invention comprise the discovery that the halogen oxygen acids, salt and derivatives thereof
useful in this invention are stabilized, as to their available halogen, by the use therewith of a
stabilizer component that is a triazole, thiazole, thtrazoie or imidazole. This stabilization
feature is particularly applicable to microelectronic cleaning compositions of this 25 invention
containing an oxidizer selected from halogen oxygen acids, organic salts of halogen oxygen
acids, particularly organic salts of hypochlorous add, and especially alkyl hypochlorites and
tetraalkylammonium hypochiorites,                      DETAILED DESCRIPTION OF THE
INVENTION 30AND PREFERRED EMBODIMENTS  [00121The novel back end
microelectronic cleaning composition of this invention will comprise an oxidizer selected from
one or more of halogen oxygen acid, inorganic and organic salts and derivatives thereof
wherein the derivatives are selected from halogenated isocyanates, chlorine dioxide, chlorine
monoxide, and hypochlorite-phosphite complexes with the proviso that when the oxidizer is
hypochlorous acid the cleaning composition also must contain a non-ainmoniumproducing
alkaline base. The halogen oxygen acids, salts of said acids, and derivatives thereof include
such compounds wherein the halogen may be chlorine, fluorine, bromine and iodine, but are
especially chlorine, bromine, and fluorine, and lc more especially chlorine. The halogen
oxygen acids, salts and derivatives thereof will generally be present in the composition in an
amount, based on the total weight of the composition, of from about 0.001% to about 30%,
preferably In an amount of from about 0.001% to about 15%, and preferably in an amount of
from about 0.001% to about 8% by weight. The compositions will be such as to generally is
provide from about 0.001% to about 30% available halogen, preferably from about 0.001% to
about 15%, and more preferably from about 0.001% to about 8% available halogen in the
compositions, wherein the available halogen is determined iodometric titration. 20.10013] The
halogen oxygen acids include, but are not limited to, hypohatous acids, halous acids, hallo
acids, perhalic acids, and halogen-containing oxyacids of the group VIA elements S, Se and
Ts. Examples of especially useful halogen oxygen adds include chiorous acid, hypochlorous
acid, hypobromous acid, chloric acid, perchloric acid, and rnonobasic fluorine containing oxy
acids, such as 25HOSO2F, HOSO2CF3, HOSF5, HOSeF5 and HOTeF5. [0014]Any suitable
inorganic salt of the halogen oxygen acids may be     employed in the compositions of this
invention. The inorganic and organic salts of the halogen oxygen acids include, but are not
limited to, organic and inorganic 30hypohalites such as hypochlorites and hypobromites,
chlorates, chlorites and  perchlorates, The inorganic salts are preferably alkali and alkaline
earth metal salts, especially Na, K, LI, Ca, Sr. and Ba salts, and especially such chlorite and
hypochlorite salts, most especially such hypochlorite salts, and in particular sodium and
calcium hypochlorite. Especially useful are sodium hypochlorite, calcium hypochlorite and
sodium chlorite. (0015]Any suitable organic salt of the halogen oxygen acids may he
employed in the compositions of this invention. Such organic salts include, but are not limited
to alkyl chlorites and alkyl hypochlorites, tetraalkylammonium chlorites and 10
tetraalkylammonium hypochlorites, substituted frialkylammonium chlorites and substituted
triaikyiammonium hypochiorites, tetraaikyl phosphonium chlorites and tetraaikyl phosphcnium
hypochlorites, and benzoxonium chlorites and benzoxonium hypochlorites. Examples of such
preferred metal-free containing salts include methyl, ethyl, propyl, t-butyl,
tetramethylammonium, tetraethyl 15ammonium,tetrapropylarrimenium,tetrabutylammonium.
dimethyldiethylamrnonium,(2-hydroxyethy)tri inethylarnm on ium,glycidyl
trimethylammonium.chlorohydroxypropyitriethylammenium, be,nzyltrimethyiammonitim,
totrabutylphosphonium and benzeixonium salts. Especially preferredmetal-free salts
aret-butYIhypochlorite and 20tetrainethylarnmonium hypochlorite, [0016]The derivates of the



more than 0.3% due to the limitation of the amount of chlorine gas dissolvable in

the water. FuÉhermore, the pure water solutions with dissolved chlorine gas is

always an acidic mixture and, thus, not usable in situations where an alkaline

cleaning solution is desired or required. Moreover, such a cleaning solution is not

a preformed product capable of being packaged and transported for use at a site

remote from its production. Also, the patentees state that it is sometimes

necessary to screen the irradiation of visible andior UV light to the pure water

solution containing the dissolved chlorine gas in order to prevent decomposition

frorn occurring. The pure water solution containing the dissolved chlorine gas is

also temperature sensitive and is generally kept at a temperature of 10oC while

being generated and until ready for use. All of the drawbacks make this cleaning

system not very desirable and severely limits its use.

BRIEF SUMMARY OF THE INVENTION

10008] There is, therefore, a need for microelectronic cleaning compositions

that are suitable for back end cteaning operations, which compositions are

effective cleaners and are applicable for stripping photoresists and cleaning

residues from plasma process generated organic, organometallic and inorganic

compounds, cleaning res¡dues from planarization processes, such as CMP, and

which can be used for advanced interconnect materieils employing copper and

other metallizations, inoluding but not limited to tungsten, tantalum, nickel, gold,

cobalt, palladium, platinum, chromium, ruthenium, rhodium, iridium, hafnium,

titanium, molybdenum, and tin metallization, and porous or non-porous low-r ( i.e.,

a r value of 3 or less) or high-rc (i.e., a r value o'f 20 or greater) dielectrics as well

as useful for cleaning conventional devices, such as those with aluminum or

aluminum(copper) metallizations containing silicon dioxide, low-r or high-x

dielectrics. There is also a need for such cleaning compositions that avoid pitfalls

and drawbacks of the cleaning system disclosed in US Patent No. 6,116,254 as

mentioned hereinbefore. This invention also relates to such compositions that are

generally effective cleaners for cleaning att such devices over a wide range of pH
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(0017]Especially preferred for use in the microelectronic cleaning compositions of this
invention are sodium hypochiorite, calcium hypochlorite, alkyl hypochlorites such as t-butyl
hypochlotite, and tetraalkylammonium hypochlorites such as tetramethylammonium
hypochlorite. In one embodiment of the invention the  microelectronic cleaning compositions
of this invention will contain a stabiiizing agent to maintain the level of available halogen in the
compositions. Such stabilizing agent may be any suitable triazoie, thiazole, tetrazoie and
imidazole. Such stabilizers include, but are not limited to, benzotriazole, 1-
hydroxybenzotriazole. 5-ohloroberizotriaole, 5-methy1-1(H)-benzotriazole,
benzotriazoie-5-carboxylic acid, 5-nitrobenzotriazole, imidazole, benzimiciazole,
2-inercaptobenzothiaz0le. 2-mercaptobenzimiciazole, 1-phenyl- 1H-tetrazole-5- thloi, and
5-pheriy1-1H-tetrazole, The preferred stabilizer is benzotriazoie. The amount of such stabilizer
employed in the invention may be any suitable amount, but will generally be, based on the
total weight of the composition, about 0.5% by weight or less, generally about 0.2% or less,
and preferably from about 0.01% to about 0.2% by weight. The stabilizer may be added to the
composition Song with the halogen oxygen acid, salt or derivative thereof, or may, and in
most cases preferably, is added to the reaction mixture in which the halogen oxygen acid, salt
15 or derivative thereof is produced. Especially for metal-free organic salts such as t-butyl
hypochlorite or tetramethylamrnoniurn hypochiorite, the stabilizer, especially benzotriazole, is
employed in the reaction mixture in which the product is produced so that the level of
available halogen from the product is maintained, or at least its lessening is substantially
abated or inhibited. 20 [00181The microelectronic cleaning compositions of this invention may
be and preferably are formulated as aqueous compositions, but may be formulated as
semi-aqueous and non-reactive (inclusive of minimally non-reactive) organic solvent based
compositions. Generally, the preferred solvent is water. The water  25 can be present as part
of the aqueous portion of the other components and/or as additional added water, However,
the compositions of this invention may also be formulated with non-reactive organic solvents,
which are chosen based on the particular halogen oxygen acid, salt or derivative thereof
employed. Examples of such suitable non-reactive organic solvents include, but are not
limited to, sulfolane 30(tetrahydrothiopene-13-methylsulfolane, n-propyl au:lone, n-butyl
suifone, sulfolene (2,5-dihydrothiopens-1,1-dioxide), 3-methyisulfolene, amides  such as
1-(2-hydroxyeth-2-pyrrolidinone (NEP), dimethyipiperidone (DMPD), Nmethyi pyrrolidinone
(NIVW), and dimethylacetamide (DMAc), dimethylformamide (DMF), and saturated alcohols
such as methanol, ethanol, propanol, butanol, hexanol, ethylene glycol, propylene glycol,
glycerol, and hexaflueroisopropand, alkyl nitriles such as acetonitrile, halogenated alkanes
(CEi2,t2zY2), where Y is a halogen and n is an integer of from 1 to 6, such as for example,
CCI4, 02015 and C2F6. The organic salts of the halogen oxygen adds are those that are
generally formulated in the non-reactive organic solvent-based formulations. However, when
the organic salt is an alkyl hypochiorite, the non-reactive organic solvent is not an tri amide,
sultan, sulfolene, selenone or a saturated alcohol solvent. The amount of advent in the
compositions of this invention, whether the solvent is water, water and non-reactive organic
solvent, or non-reactive organic solvent, will generally be employed in the composition in an
amount, based on the total weight of the composition, of from about 70% to about 99,999% by
weight. [0019]The microelectronic cleaning compositions of this invention may optionaliy
contain other components found in microelectronic cleaning compositions. Such other optional
components include, but are not limited to, alkaline bases and particularly non-ammonium
bases, acids, organic and 20inorganic metal chelating or complexing agents, cleaning
performance enhancing additives including metal ion-free silicates, metal corrosion inhibitors,
fluorides, and surfactants. [0020] The alkaline base is a non ammonium-producing base and
can be 25 present in an amount, based on the total weight of the composition, of from 0% to
about 30 %, generally in an amount of from 01% to about 30%, preferably in an amount of



conditions.

t00091 lt has been discovered that effective microelectronic cleaning

compositions for cleaning microelectronic substrates, and particularly cleaning

compositions useful with and having improved compatibility with microelectronic

substrates characterized by silicon dioxide, sensitive low-r or high-r< dielectrics and

copper, tungsten, tantalum, nickel, gold, cobalt, palladium, platinum, chromiurn,

ruthenium, rhodium, iridium, hafnium, titanium, molybdenum, tin and other

metallization, as well as substrates of Al or Al(Cu) metallizations and advanced

interconnect technologies, are provided by microelectronic cleaning compositions

comprising an ox¡d¡zer selected from halogen oxygen acids, salts of said acids,

and derivatives thereof wherein the derivatives are selected from halogenated

isocyanates, chlorine dioxide, chlorine monoxide, and hypochlorite-phosphite

complexes, with the proviso that when the oxidizer is hypochlorous acid the

cleaning composition also must contain a non-ammonium-producing alkaline base.

These cleaning compositions provide improved and superior cleaning and residue

rernoval with surprisingly good compatibilities with rnany sensitive substrates.

Such . microelectronic cleaning compositions that comprise rnetal-free halogen

oxygen acids and salts thereof have shown particular advantageous capabilities for

microelectronic cleaning applications.
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[00f01 The microelectronic cleaning compositions of this invention can be

formulated as highly aqueous to semi-aqueous to non-aqueous (organic), i.e., non-

reactive organic solvent which is inclusive of minimally non-reactive organic solvent

based, compositions, with the proviso that when the organic salt of the halogén

oxygen acid is an alkyl hypochlorite, the solvent is not gn amide, sulfone, sulfolene,

selenonè or a saturated alcohol solvent. The cleaning compositions of this

invention are suitable for stripping photoresists and cleaning residues from plasma

process generated organic, organometallic and inorganic compounds, and have

improved compatibility with microelectronic substrates characterized by silicon
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R4N+01-1" where each R is independently a substituted or unsubstituted alkyl groups,
preferably of I to 22 carbon atoms and more preferably 1 to 4 carbon atoms. Among the
non-ammonia derived alkaline bases useful in the compositions there may be mentioned, for
example, tetramethylammonium hydroxide, tertrabutylarrirnonium hydroxide, choi ine
hydroxide, benzyltrimethylammonium hydroxide, a tetraalkylphosphoniurn such as
tetrabutylphosphonium hydroxide, benzoxonium hydroxide and the like. Inorganic bases such
as for example potassium hydroxide, sodium hydroxide and the iike may also be used as the
alkaline base. 10 [0021] The compositions of this invention may also optionally contain any
suitable inorganic or organic acid. it is generally preferred to employ an inorganic acid if art
acid is employed. The adds can be employed to generate lower pH compositions when that is
desirable, and can be employed to couple with halogen 15 oxygen adds. Examples of suitable
acids include, but are not limited to, hydrochloric add, hydrofluoric add, sulfuric acid,
phosphoric add and acetic acid. The acids may be present in the compositions of this
invention in an amount, based on the total weight of the composition, of from 0% to about
20%, generally in an amount of from about 0.01% to about 10%, preferably in an amount of
from 20about 0,01% to about 5%, [0022]Organic or inorganic cheiating or metal complexing
agents are not required, but offer substantial benefits, such as for example, improved product
stability. Examples of suitable chelating or cornplexIng agents Include but are not 25 limited to
trans-1,2cyclohexanediamine tetraacetic add (CyDTA), ethylenediamine tetraacetic acid
(EDTA), stannates, pyrophosphates, alkylidene-dlphosphonlo acid derivatives (e.g,
ethane-l-hydroxy-1,1-diphosphortate), phosphonates containing ethylenadiamine,
diethylertetriamine, or triathylenetatramine functional moieties [e,g. ethylenediarnine
tetra(methylene phosphortic acid) (EDTWIP), 30diethylenetriamine penta(methylene
phosphonic add), triethylenetetramine  hexa(methylene phosphoric acid). The optional
heisting agent will be present in the composition in an amount, based on the total weight of
the composition, of from 0% to about 10%, preferably from about 0.1% to about 2%.
[0023]The cleaning compositions of this invention may also optionally include cleaning
performance enhancing additives for the compositions of this invention, such as catechol,
pyrogallol, gallic acid, resorcinol and the like, and particularly metal ion-free silicate stabilizers.
Any suitable metal ion-free silicate may be used M the compositions of the present invention.
The silicates are preferably 10  quaternary ammonium silicates, such as tetraalkyl 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 components
are tetramethylammonium silicate, tetraethylorthosilicate, and tetrakis(2-hydroxyethy1)
orthosilicate. The cleaning performance enhancing additives may be present in the
composition in an amount, based on the total weight of the composition, of from about 0% to
30%, preferably in an amount of from about 0,1% to about 5%. [0024]The compositions of this
invention may also optionally contain metal 20corrosion inhibitors such as the triazole,
thiazole, tetrazole and imidazoie stabilizers. The metal corrosion inhibitor will be employed in
an amount, based on the total weight of the composition, of from 0% to about 30%, generally
in an amount of from about 01% to about 5%, and preferably about 0.1% to about 3%
25[0025]The cleaning compositions optionally may also contain suitable surfactants,
Examples of suitable surfactants include, but are not limited to, dimethyl hexyliol (Surlynol-61),
ethoxylated tetramethyi decynediol (Suitynol-465), polytetrafluoroethylene
cetoxypropylbetalne (Zonyl Mk), Zany! FSH and the like. The surfactant will generally be
present in an amount, based on the total weight of 30the composition, of from 0% to about
6%, preferably 0.001% to about 5% and  more preferably from about 0.001% to about 0.3%.
(00261The cleaning compositions may also opticinally contain suitable non
ammonium-producing fluoride. Examples of such suitable fluoride compounds include, but are
not limited to, tetramethylammonium fluoride, and tetrabutylarninonium fluoride. Other suitable



dioxide, sensîtive low-rc or high-rc dielectrics and copper, tungsten, tantalum, nickel,

gold, cobalt, palladium, platinum, chromium, ruthenium, rhodium, iridium, hafnium,

titanium, molybdenum, tin and other metallization, as well as substrates of Al or

Al(Cu) metallizations, and advanced interconnect technologies. Additionally, the

cleaning compositions of this invention are particularly suitable for cleaning difficult

samples containing very stubborn plasma etch and ash residues and also

hardened (e.g., polymerized) photoresists that are generated in the manufacturing

process for producing Cu/low-r and high-r dielectrics structures, whereas other

highly aggressive reagents such as HF, hydroxylamine and strong alkaline

solutions oftén fail to provide the necessary or required cleaning and to do so with

acceptable substrate compatibility. The cleaning compositions of this invention

may be used alone or coupled with other cleaning solutions. Additionally, the

cleaning compositions of this invention may optionally contain other components

employable in microelectronic cleaning compositions, including but not limited to,

alkaline bases, non-ammonium bases, acids, organic and inorganic metal

chelating or complexing agents, cleaning performance enhancing additives

including metal ion-free silicates, metal corrosion inhibitors, fluorides, and

surfactants.
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20 1001{l A further feature of this invention comprise the discovery that the

halogen oxygen acids, salt and derivatives thereof useful in this invention are

stabilized, as to their available halogen, . 
by the use therewith of a stabilizer

component that is a triazole, thiazole, tetrazole or imidazole. This stabilization

feature is particularly applicable to microelectronic cleaning compositions of this

invention containing an oxidizer selected from halogen oxygen acids, organic salts

of halogen o)rygen acids, particularly organic salts of hypochlorous acid, and

especia lly alkyl hypochlorites a nd tetraallcylammoni um hypochlorites.

25

30

DETAILED DESCRIPTION OF THE INVENTION

AND PREFERRED EMBODIMENTS
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20oxide and tantalum nitride) can be readily cleaned with the cleaning compositions of this
invention. [0028]Examples of cleaning composition of this invention containing metal
halogen oxygen adds salts thereof and derivatives are set forth in the following 25Tables 1
and 2. In the following Tables 1 and 2 the abbreviations employed are as follows. Na0O1=
5.25% Na0C1 (aqueous) NeOCI-Solution A= Aqueous Na0C1 solution with 12.9% available
chlorine NaOCI-Solution B.= Aqueous NaOa solution with 12.3% available  chlorine HCIO:3=
Chian acid TMAH= 25% Tetramethylammmonium hydroxide (aqueous) CyDTA=
trans-1,2-cyciohexanediamine tetraacetic add BIDE=I -hydroxyethane-1,1-cliphosphonic add
DC= ethylene glycol Water= additional water over water from aqueous solution of components
Zonyi FSH= Surfactant TABLE 'I CornpositionsiParts by Weight           TABLE 2
Compositions/Parts by Weight FGH  Na0C1 NaOCI-Solution A NaOCI-Solution B 20 TMAH
EG EDHP CyDTA Zortyl FSH     



[00f2] The novel back end rnicroelectronic cleaning composition of this

invention will comprise an oxidizer selected from one or more of halogen oxygen

acid, inorganic and organic salts and derivatives thereof wherein the derivatives

are selected from halogenated isocyanates, chlorine dioxide, chlorine monoxide,

and hypochlorite-phosphite complexes with the proviso that when the oxidizer is

hypochlorous acid the cleaning composition also must contain a non-ammonium-

producing alkaline base. The halogen oxygen acids, salts of said acids, and

derivatives thereof include such compounds wherein the halogen may be chlorine,

fluorine, bromine and iodine, but are especially chlorine, bromine, and fluorine, and

more especially chlorine. The halogen oxygen acids, salts and derivatives thereof

will generally be present in the composition in an amount, based on the totalweight

of the composition, of from about 0.001% to about 30%, preferably in an amount of

from about 0.001% to aboul 15o/o, and preferably in an amount of from about

0.001% to about 8% by weight. The compositÍons will be such as to generally

provide from about 0.001% to about 30% available halogen, preferably from about

0.001% to about 15%, and more preferably from about 0.001% to about 8%

available halogen in the compositions, wherein the available halogen is determined

iodometric titration.

l_0

15

20 .t00131 The halogen oxygen acids include, but are not limited to, hypohalous

acids, halous acids, halic acids, perhalic acids, and halogen-containing oxyacids of

the group VIA elements S, Se and Te. Examples of especially useful halogen

oxygen acids include chlorous acid, hypochlorous acid, hypobromous acid, chloric

acid, perchloric acid, and monobasic fluorine containing oxy acids, such as

HOSOzF, HOSOzCF3, HOSF5, HOSeFs and HOTeF5.25

t00f4l Any suitable inorganic salt of the halogen oxygen acids may be

employed in the compositions of this invention. The inorganio and organ¡o salts of

the halogen oxygen acids include, but are not limited to, organic and inorganic

30 hypohalites such as hypochlorites and hypobromites, chlorates, chlorites and

-7-

, Water      (00291The cleaning capability of such microelectronic cleaning compositions of
this 5 invention is illustrated by the follawing tests in which a microelectronic structure that
comprised a silicon wafer of the following structure, namely photoresist (PR)fcarbon doped
oxide (CDO)/NitrideiCopper vies was cleaned. in a first test, the microelectronic structure was
first immersed in a 10:1 solution of commercially available CLIt-688 Saner/residue remcwer
(Mallinckrodt Baker, Inc) and 30% hydrogen peroxide at 75C lo for 30 minutes and then
immersed, in a second step, in Composition A of Table 1 and then the structure was water
washed. Composition A removed 97% to 99% of all PR (bulk PR and tough "skin") and
stubborn via residues. Composition A also exhibited excellent substrate compatibility since
there was no COO etch, Similarly, in a second test employing Compositions G from Table 2, a
first microelectronic structure that is comprised a silicon wafer of the following structure,
PRICDO via, was immersed in Composition G of Table 2 for 30 minutes at 40C and then
water rinsed, and a second microelectronic structure of the same composition was immersed
in Composition I of Table 2 for 30 minutes at 40C and then water rinsed. Compositions G and
I both removed 97% to 99% of all PR (bulk PR and tough "skin') and 100%  stubborn via
residues: Compositions G and I also exhibited excellent substrate compatibility since there
was no CDO etch. [0030)Examples of cleaning composition of this invention containing
metal-free halogen oxygen acids salts thereof and derivatives are set forth in the following
wherein: TMAOCI-Solution A Tetramethylammoniun hypochiorite (without benzotriazole
stabilizer) as prepared in Preparation A following, and 10TMAOCI-Solution B=
Tetramethylammoniun hypochlorite (with about 0.1% benzotriazoie stabilizer) as prepared in
Preparation B following. Solution 81= Tetramethylammonium hwochlorite solution with 7.8%
available chlorine (with about 0.1% benzotriazoie stabilizer) 



perchlorates. The inorganic salts are preferably alkali and alkaline earth metal

salts, especially Na, K, L¡, Ca, Sr, and Ba salts, and especially such chlorite and

h¡rpochlorite salts, most especially such hypochlorite salts, and in particular sodium

and calcium hypochlorite. Especially useful are sodium hypochlorite, calcium

hypochlorite and sodium chlorite.

[0015] Any suitable organic salt of the halogen o)rygen acids may be employed

in the compositions of this invention. Such organic salts include, but are not limited

to alkyl chlorites and alkyl hypochlorites, tetraallqylammonium chlorites and

tetraalkylammonium hypochlorites, substituted trialkylammonium chlorites and

substituted trialkylammonium hypochlorites, tetraalkyl phosphonium chlorites and

tetraalkyl phosphonium hypochlorites, and benzoxonium chlorites and

benzoxonium hypochlorites. Examples of such preferred metal-free containing

salts include methyl, ethyl, propyl, f-butyl, tetramethylammonium, tetraethyl

ammonium, tetrapropylammonium, tetrabutylammonium,

dimethyldiethylammonium, (2-hydroxyethyl)trimethylammonium, glycidyl

trirnethylammonium, chlorohydroxypropyl triethylammonium,

benzyltrimethylammonium, tetrabutylphosphonium and benzoxonium salts.

Especially prefened metal-free salts are t-Uutyl hypochlorite and

tetramethylammonium hypochlorite,

10

L5

20

[00f 61 The derivates of the halogen oxygen acids that may be employed in the

microelectronic cleaning compositions of this invention include halogenated

isocyanates, particularly chlorinated isocyanates, chlorine dioxide, dichlorine

25 monoxide,andhypochlorite-phosphitecomplexes.

[00f 71 Especially preferred for use in the microelectronic cleaning compositions

of this invention are sodium hypochlorite, calcium hypochlorite, alkyl hypochlorites

such as f-butyl hypochlorite, and tetraalkylammonium hypochlorites such as

30 tetramethylammonium hypochlorite. ln one embodiment of the invention the

8-

TiViAF= 20% Totramethylammonium fluoride (aqueous) TMACI= Tetramethylammonium
chloride Suifolane= Tetrahydrothlopene4,1-dioxide 20Preparation A To a 250-m1 Erlenmeyer
flask was added 152.8g of 25% TMAH (tetrarnethylammonium hydroxide). Chlorine gas was
introduced in a slow bubbling rate for approximately 6 minutes to give a yellow solution (with a
weight gain of 18,25g). To this resulting yellow solution was added additional 33.8g of 25 25%
TfV1AH to give an intermediate solution. After removing 3.5g for pH measurements, additional
3,1g of 25% TWIAH was added to the remaining solution to give a yellow solution of TMA0C1
(tetramethylammonium hypochlorite) mixture. This mixture was calculated to contain the
following components: 15.2% (wt) TMAOCI, 13.2% TMACI, 0.9% TMAH, and 70.3% water.
30The available chlorine was calculated to be about 8.6%. A cleaning formulation  of this
invention was prepared by mixing 160g of this mixture, 160g water and 0.155g Zany! FSH
surfactant. Thus this formulation was calculated to contain the following: 7.6% (wt) TMAOCI,
6.6% TMACi, 0.43% TMAH, 85.3% water, and 0.05% of Zonyi FSH. The available chlorine
was calcuiated to be about 4.3%. This formulation was designated TrvlAOCI-Solution A.
Preparation B To a 250-ml Erlenmeyer flask was charged 113.4g of 25% TMAH and 0.13g
benzotriazoie, Chlorine gas (10.2g) was introduced in a slow bubbling rate for 11 io minutes to
give a clear, yellow solution (calculated 92.2% TMAH reacted), The resulting TiviA0a solution
gave the following assay of available chlorine: 8.1% (initial, <2 hours after synthesis; 8.1% (1
day old standing at room temperature); 8,1% (6 days old); 8.0% (14 days old); and 7.5% (70
days old). A cleaning composition of this invention was prepared from this reaction product by
adding is sufficient water, 26% tetramethylammonium hydroxide (IMAM) and Zonyl FSH
surfactant to give a final formulation solution with 3.5% available chlorine and 0.6% TMAH,
0.025% Zonyl FSH and 0,1% henzotriazole.. The pH of a 10% aqueous solution was about
pH 13 at 256C, This formulation was designated TMAOCI-Solution B. The stabilizing effect of
berizotriazoie in maintaining the 20level of available chlorine is illustrated by this Preparation
B. [00311in addition to said TMOACI-Solution A and TMOACI-Solutien B         compositions
further examples of compositions of metal-free halogen oxygen 25acid salts include, but are
not limited to, Compositions J, K, L and tvl in Table 3, 30  Compon  Compositions/Parts Table
3 by Weight Solution 81 45 45I45 SuRatan 55  



microelectr.onic cleaning compositions of this invention will contain a stabilizing

agent to maintain the level of available halogen in the compositions. Such

stabilizing agent may be any suitable triazole, thiazole, tetrazole and imidazole.

Such stabilizers include, but are not limited to, benzotriazole, 1-

hydroxybenzotriazole, S-chlorobenzotriaole, 5-methyl-1(H)-benzotriazole,

benzotriazole-b-carboxylic acid, 5-nitrobenzolriazole, imidazole, benzimidazole,

2-mercaptobenzothia zole, 2-mercaptobenzimidazole, 1-phenyl- 1 H-tetrazole-5-

thiol, and 5-phenyl-1H-tetrazole, The preferred stabilizer is benzotriazole. The

amount of such stabilizer employed in the invention may be any suitable amount,

but will generally be, based on the total weight of the composition, about 0.5% by

weight or less, generally about 0.2% or less, and preferably from about 0.01% to

about 0.2% by weight. The stabilizer may be added to the composition along with

the halogen oxygen acid, salt or derivative thereof, or may, and in most cases

preferably, is added to the reaction mixture in which the halogen oxygen acid, salt

or derivative thereof is produced. Especiatly for metal-free organic salts such as f-

butyl hypochlorite or tetramethylammonium hypochlorite, the stabilizer, especially

benzotriazole, is employed in the reaction mixture in which the product is produced

so that the level of available halogen from the product is maintained, or at least its

lessening is substantially abated or inhibited.

10

l_5

20

t001Sl The microelectronic cleaning compositions of this invention may be

and preferably are formulated as aqueous compositions, but may be formulated as

serni-aqueous and non-reactive (inclusive of minimally non-reactive) organic

solvent based compositions. Genèrally, the prefened solvent is water. The water

can be present as part of the aqueous portion of the other components and/or as

additional added water. However, the compositions of this invention. may also be

formulated with non-reactive organic solvents, which are chosen based on the

particular halogen oxygen acid, salt or derivative thereof employed. Exarnples of

such suitable non-reactive organic solvents include, but are not limited to, sulfolane

(tetrahydrothiopene-1,1-dioxide), 3-methylsulfolane, n-propyl sulfone, n-butyl

sulfone, sulfolene (2,5-dihydrothiopene-1,1dioxide), 3-methylsulfolene, amides

9

25

30

45 TWIAF   10 Water  10  iIbT    [0032]The excellent cleaning performance, and substrate
compaibilities of such metal-free cleaning compositions of this invention are illustrated by the
results of the following experiments. The copper, tantalum and tungsten etch rate for cleaning
compositions of this invention are demonstrated by the etch rate data in the following Table 4.
The etch rate was determined for Composition  o TMAOCI-Solution B utilizing the following
test procedure. Pieces of copper, titanium and tungsten foil of approximately 13 x 50 nun were
employed. The weight of the foil pieces was measured. After cleaning the foil pieces with 2-
propanol, distilled water and acetone and the foil pieces are dried in a drying oven. The
cleaned, dried foil pieces were then placed in loosely capped bathes of preheated
TMAOCI-Soiution B cleaning compositions of the invention and placed in a vacuum oven for a
period of from two to twenty-four hours at the Indicated temperature. Following treatment and
removal from the oven and bottles, the cleaned foils were rinsed with copious amounts of
distilled water and dried in a drying oven for about 1 hour and then permitted to cool to room
20temperature, and then the etch rate determined based on weight loss or weight change.
TABLE 4  Composition TMAOCi-Solution B CuEtch Rate at 45C (AimIn) Ta Etch Rate at 45t
(Aimin) 4 V/ Etch Rate at 45C 



such as 1-(2-hydroxyethylþ2-pyrrolidinone (HEP), dimethylpiperidone (DMPD)' N-

methyl pyrrolidinone (NMP), and dimethylacetamide (DMAo), dimethylformamide

(DMF), and saturated alcohols such as methanol, ethanol, propanol, butanol,

hexanol, ethylene glycol, propylene glycol, glycerol, and hexafluoroisopropanol,

alkyl nitriles such as acetonitrile, halogenated alkanes (CnHzn*z-Jt), where Y is a

halogen and n is an integer of from 1 to 6, such as for example, CCla, CzCls and

CzFo. The organic salts of the halogen oxygen acids are those that are generally

forrnulated in the non-react¡ve organic solvent-based formulations. However, when

the organic salt is an alkyl hypochlorite, the non-reactive organic solvent is not an

amide, sulfone, sulfolene, selenone or a saturated alcohol solvent. The amount of

solvent in the compositions of this invention, whether the solvent is water, water

and non-reactive organic solvent, or non-reactive organic solvent, will generally be

em.ployed in the composition ¡n an amount, based on the total weight of the

composition, of from about 70% to about 99.999% byweight'

t0

15

lggfgl The microelectronic cleaning compositions of this invention may

optionally contain other components found in microelectronic cleaning

compositions. Such other optional components include, but are not limited to,

alkaline bases and particularly non-ammonium bases, acids, organic and

inorganic metal chelating or complexing agents, cleaning performance enhancing

additives including metal ion-free silicates, metal corrosion inhibitors, fluorides,

and surfactants.

100201 The alkaline base is a non ammonium-producing base and can be

present in an amount, based on the totalweight of the composition, of from 0olo to

about 30 %, generalty in an amount of from 0.1% to about 30%, preferably in an

amount of from about 0.1% to about 10 o/o, most preferably in an amount of from

about 0.1% to about 5%. Any suitable alkaline base may be employed in the

cleaning compositions. As examples of suitable non-ammonia derived bases there

rnay be mentioned tetraalkylammon¡um hydroxides such as those of the formula

20

25

30
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(Almin) <1    [00331The dielectric and barrier etch rates for the TMAOCI-Solution B
Composition of this invention against various dielectrics and barriers were evaluated by the
following test procedure. The film thickness of the wafer pieces is measured using a Rudolph
interferometer and/or ellipsometer. The wafer pieces (with dielectric or barrier material
deposited on silicon wafers) were immersed in the designated cleaning compositions at 45eC
for 30 minutes, followed by rinsing with de-ionized water and drying under nitrogen
flow/stream, The thickness was then measured again following the treatment and the etch
rates were then calculated based on the change in film thickness, which are produced by the
indicated treatments. The dielectric or barrier etch rates with the TMAOCI7Solution IS
Composition were as set forth in Table 5. TABLE 5                       



R4N*OH' where each R is independently a substituted or unsubstituted alkyl

groups, preferably of 1 to 22 carbon atoms and more preferably 1 to 4 carbon

atoms. Among the non-ammonia derived alkaline bases useful in the

compositions there may be mentioned, for example, tetramethylammonium

hydroxide, tertrabutylammonium hydroxide, choline hydroxide,

benzyltrimethylammonium hydroxide, a tetraalkylphosphonium such as

tetrabutylphosphonium hydroxide, benzoxonium hydroxide and the like. lnorganic

bases such as for example potassium hydroxide, sodium hydroxide and the like

may also be used as the alkaline base.

10

[002f1 The compositions of this invention may also optionatly contain any

suitable inorganic or organic acid. lt is generalty prefened to employ an inorganic

acid if an acid is employed. The acids can be employed to generate lower pH

compositions when that is desirable, and can be employed to couple with halogen

o4ygen acids. Examples of suitable acids include, but are not limited to'

hydrochloric acid, hydrofluoric acid, sulfuric acid, phosphoric acid and acetic acid.

The acids may be present in the compositions of this invention in an amount,

based on the total weight of the composition, of from 0% to about 30%, generally in

an amount of from about 0.01% to about 10%, preferably in an amount of from

about 0.01Yo to about 5%.

L5

20

t00221 Organic or inorganic chetating or metal complexlng agents are not

required, but offer substantial benefits, such as for example, improved product

stability. Examples of suitable chelating or complexing agents lnclude but are not

lirnited to trans-1,2-cyclohexanediamine tetraacetic acid (CyDTA)' ethylenediamine

tebäacetic acid (EDTA), stannates, pyrophosphates, alkylidene-diphosphonic acid

derivatives (e.g. ethane-1-hydroxy-1,1-diphosphonate), phosphonates containing

ethylenediamine, diethylenetriamine or triethytenetetramine functional moieties

[e,g. ethylenediamine tetra(methylene phosphonic acid) (EDTMP)'

diethylenetriamine penta(methylene phosphonic acid), triethylenetetramine

25

30
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Dielectric/ Barrier               Etch Rate @ I 45C (A/min <1  Carbon doped oxide (CDO)       



hexa(methylene phosphonic acid). The optional chelating agent will be preserit in

the composition in an amount, based on the total weight of the composition, of

from 0% to about 10%, preferably from about 0.1% to about2o/o'

100231 The cleaning compositions of this invention may also optionally include

cleaning performance enhancing additives for the compositions of this invention,

such as catechol, pyrogallol, gallic acid, resorcinol and the like, and particularly

' metal ion-free silicate stabilizers. Any suitable metal ion-free silicate may be used

in the compositions of the present invention. The silicates are preferably

quaternary ammonium silicates, such as tetraalkyl ammonium silicate (including

, hydroxy- and alkoxy-containing alkyl groups generally of from I to 4 carbon

atoms in the alkyl or alkoxy group). The most preferable metal ion-free silicate

components are tetramethylammonium silicate, tetraethylorthosilicate, and

tetrakis(2-hydroxyethyl) orthosilicate. The cleaning performance enhancing

additives may be present in the composítion in an amount, based on the total

weight of the composition, of from about 0% to 30Vo, preferably in an amount of

from about0.1% to about 5%.

10

15

100241 The compositions of this invention may also optionally contain metal

20 corrosion inhibitors such as the triazole, thiazole, tetrazole and imidazole

stabilizers. The metal conosion inhibitor will be employed in an amount, based on

the total weight of the composition, of from 0% to about 30o/o, generally in an

amount of from about 0.1% to about 5%, and preferably about 0.1% to about 3%

25 t00251 Thg cleaning compositions optionally may also contain suitable

surfactants. Examples of sultable surfactants include, but are not limited to,

dimethyl hexynol (Surfynol-61), ethoxylated tetramethyl decynediol (Surfynol465),

polytetrafluoroethylene cetoxypropylbetaine (Zonyl FSK), Zonyl FSH and the like.

The surfactant will generally be present in an amount, based on the total weight of

the composition, of from 0% to about 5%, preferably 0.001% to about 5% and

-L2-
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more preferably from about 0.001% to about 0.3%.

100261 The cleaning compositions may also optionally contain suitable non

ammonium-producing fluoride. Examples of such suitable fluoride compounds

include, but are not limited to, tetramethylammonium fluoride, and

tetrabutylammonium fluoride. Other suitable fluorides include, for example

fluoroborates, tetrabutylammonium fluoroborates, aluminum hexafluorides,

antimony fluoride and the like. The fluoride components will be present in an

amount, based on the total weight of the composition, of from 0% to 30%,

preferably from aboul0.01% to 30%, and more preferably from about 0.01% to

about 10%.

10

ÍOOZ7! The cleaning compositions of this invention can be used over a wìde

range of process/operating conditions of pH and temperature, and can be used

to effectively remove photoresists, post plasma etch/ash residues, sacrificial light

absorbing materials and anti-reflective coatings (ARC). Additionally, it has been

discovered that very difficult to clean samples, such as highly crosslinked or

hardened photoresists and structures which contain titanium (such as titanium,

titanium oxide and titanium nitride) or tantalums (such as tantalum, tantalum

oxide and tantalum nitride) can be readily cleaned with the cleaning compositions

of this invention.

15

20

1SO2BI Examples of cleaning composition of this invention containing metal

halogen oxygen acids salts thereof and derivatives are set forth in the following

Tables 1 and 2. ln the following Tables 1 and 2 the abbreviations employed are

as follows.

NaOCI= 5.25% NaOCI (aqueous)

NaOC|-solution A= Aqueous NaOCI solution with 12.9% available

chlorine

NaOC|-solution B= Aqueous NaOCI solution with 12.3% available

-13

25

30



chlorine

HCIO.= Chloric acid

TMAH = 25o/o T etr am ethyla m m m oni um hyd roxid e (aq ueou s)

CyDTA= trans-1,2-cyclohexaned iam ine tetraacetic acid

EH DP= 1 -hydroxyethane-1, 1 -d iphosphonic acid

EG= ethylene glycol

Water= additional water over water from aqueous solution of

' components

Zonyl FSH= Surfactant

L0

Component

NaOCI

NaOCI-

Solution A

TABLE 1

Composltions/Parts bY Weight

NaOCI-

Solution B

A

100

HCIOs

B

40.6

TMAH

EG

c

EDHP

CyDTA

60

l_5

Zonyl FSH

D

Water

2.7

E

0.6

30

6.6

8.3

0.58

8.8 39.7 30

-L4-

Fluorinated silicate glass (FSG) Tetraethytorthosilicate (TEOS)                           



Component

NaOCI

TABLE 2

Compositions/Parts by Weight

NaOCI-Solution A

NaOCI-Solution B

HCIOg

TMAH

F

EG

EDHP

CyDTA

G

Zonyl FSH

20

30

[00291 The cleaning capability of such microelectronic cleaning compos¡tions of this

invention is illustrated by the foflowing tests in which a microelectronic structure that

comprised a silicon wafer of the following structure, namely photoresist (PR/carbon

doped oxide (CDoyN¡tride/Copper vias was cleaned. ln a first test, the microelectronic

structure was first immersed in a 10:1 solution of commercially available CLk-888

cleaner/resldue remover (Mallinckrodt Baker, lnc) and 30% hydrogen peroxide at 75oC

for 30 rninutes and then immersed, in a second step, in Composition A of Table I and

then the structure was water washed. Composition A removed g7o/o to 99% of all PR

(bulk PR and tough "skin') and stubborn via residues. Composition A also exhibited

excellent substrate compatibility since there was no CDO etch. Similarly, in a second

test employing Compositions G from Table 2, a first microelectronic structure that

comprised a silicon wafer of the following structure, PFI/CDO via, was immersed in

Composition G of Table 2 for 30 minutes at 40oC and then water rinsed, and a

second microelectronic structure of the same composition was immersed in

Composition I of Table 2 for 30 minutes at 40oC and then water rinsed. Compositions

G and I both removed 97% to 99% of all PR (bulk PR and tough "skin") and 100%

Water

H

30

10

40

150

3

0.06

30

15

147

0.07

-l-5-

SiOC SIC Silicon nitride (SiN)                         



stubborn via residues. Compositions G and I also exhibited excellent substrate

compatibility since there was no CDO etch.

t00301 Examples of cleaning composition of this invention containing metal-free

halogen oxygen acids salts thereof and derivatives are set forth in the following

wherein:

TMAOCI-SoIution A= Tetramethylammoniun hypochlorite (without

benzotriazole stabilizer) as prepared in

Preparation A following, and

TMAOCI-Solution B= Tetramethylammoniun hypochlorite (with about

0.1% benzotriazole stabilizer) as prepared in

Preparation B following.

Solution 81= Tetramethylammonium hypochlorite solution with 7.8%

available chlorine (with about 0.1% benzotriazole

stabilizer)

. TMAF= 20o/o Tetramethylammonium fluoride (aqueous)

TMACI = Tetramethylammonium chloride

Sulfolane= Tetrahydrothiopene-1, 1 dioxide

Preparation A

To a 250-ml Erlenmeyer flask was added 152.89 of 25o/o TMAH

(tetramethylammonium hydroxide). Chlorine gas was introduced in a slow

bubbling rate for approximately 6 minutes to give a yellow solution (with a weight

gain of 18.259). To this resulting yellow solution was added additional 33.8g of

25o/o -IMAH to give an intermediate solution. After removing 3.59 for pH

measurements, additional 3.19 of 25% TMAH was added to the remaining

solution to give a yellow solution of TMAOCI (tetramethylammonium

hypochlorite) mixture. This mixture was calculated to contain the following

componenls 15.2o/o (wt) TMAOC|13.2% TMACI, 0.9% TMAH, and 70'B% water.

The available chlorine was calculated to be about 8.6%. A cleaning formulation

- l-6
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of this invention was prepared by mixing 1609 of this mixture, 1609 water and

0.1S5g Zonyl FSH surfactant. Thus this formulation was calculated to contain

the following:7.6% (wt)TMAOCI, 6.6% TMACI, 0.43% TMAH, 85.3% water, and

0.05% of Zonyl FSH. The available chlorine was calculated to be about 4.3%.

This formulation was designated TMAOCI-Solution A.

. PreParation B

To a 250-ml Erlenmeyer flask was charged 113.49 of 25% TMAH and 0.13g

benzotriazole. Chlorine gas (10.2g) was introduced in a slow bubbling rate for 11

minutes to give a clear, yellow solution (calculated 92.2% TMAH reacted). The

resulting TMAOCI solution gave the following assay of available chlorine: 8.1%

(inltial, <2 hours after synthesis; 8.1% (1 day old standing at room temperature);

8.1o/o (6 days old); 8.0% (14 days old); and 7.5% (70 days old). A cleaning

composition of this invention was prepared from this reaction product by adding

sufficient water, 25Yo tetramethylammonium hydroxide (TMAH) and Zonyl FSH

surfactant to give a final formulation solution with 3.5% available chlorine and

0.5% TMAH, 0.025% Zonyl FSH and 0.1% benzotriazole.. The pH of a 10o/o

aqueous solution was about pH 13 at 25oC. This formulation was designated

TMAOCI-solution B. The stabilizing effect of benzotriazole in maintaining the

level of available chlorine is itlustrated by this Preparation B.

10

15

20

t00311 tn addition to said TMOACI-Solution A and TMOACI-Solution B

compositions further examples of compositions of metal-free halogen oxygen

2s acid salts include, but are not limited to, Compositions J, K, L and M in Table 3.

30
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Gomponent

Solution 81

Sulfolane

TMAF

Water

Tabte 3

Compositions/Parts by Weight

1N HCI

J

[00321 The excellent cleaning performance. and substrate compaibilities of

such metal-free cleaning compositions of this invention are illustrated by the

results of the following exper¡ments. The copper, tantalum and tungsten etch

rate for cleaning compositions of this invention are demonstrated by the etch rate

data in the following Table 4. The etch rate was determined for Composition

TMAOCI-Solution B utilizing the following test procedure. Pieces of copper,

titanium and tungsten foil of approximately 13 x 50 mm were employed. The

weight of the foil pieces was measured. After cleaning the foil pieces with 2-

propanol, distilled water and acetone and the foil pieces are dried in a drying

oven. The cleaned, dried foil pieces were then placed in loosely capped bottles

of preheated TMAOCI-Solution B cleaning compositions of the invention and

placed in a vacuum oven for a period of from two to twenty-four hours at the

indicated temperature. Following treatment and removal from the oven and

bottles, the cleaned foils were rinsed with copious amounts of distilled water and

dried in a drying oven for about t hour and then permitted to cool to room

temperature, and then the etch rate determlned based on weight loss or weight

change.

45

55

10

K

45

45

10

L

15

45

45

10

tvl

12.1

20

86.3

1.6
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Gomposition

TMAOCI-Solution B

[00331 The dielectric and barrier etch rates for the TMAOCI-Solution B

Composition of this invention against various dielectrics and bariers were

evaluated by the following test procedure. The film thíckness of the wafer pieces is

measured using a Rudolph lnterferometer and/or ellipsometer. The wafer pieces

(with dielectric or barrier material deposited on sificon wafers) were immersed in

the designated cleaning compositions at 45oC for 30 minutes, followed by rinsing

with de-ionized water and drying under nitrogen floMstream. The thickness was

then measured again following the treatment and the etch rates were then

calculated based on the change in film thickness, which are produced by the

indicated treatments. The dielectric or barrier etch rates with the TMAOCI:Solution

B Composition were as set foÍh in Table 5.

TABLE 5

Gu Etch
Rate at 45oG

(/r/min)

TABLE 4

<l

10

Ta Etch Rate at
450C

(/r/m¡n)

<1

W Etch Rate at

450G

(A/min)

Dielectric/ Barrier

<1

Carbon doped oxide (CDO)

Coral (carbon doped oxide)

Black Diamond (carbon doped oxide)

Fluorinated silicate glass (FSG)

Tetraethylorthosilicate (TEOS)

S¡OC

15

sic
Silicon nitride (S¡N)

Etch Rate @
450C

(A/min)

<1

1

5

<1

<1

- 19 -

<1

<1

<1

[0034]The cleaning performance of the metal-free halogen oxygen acid salt containing
compositions, TMAOCI-Solution A and TIVIAOCI-Solution B, is illustrated by the cleaning
results set forth in Table 5 in which the cleaning compositions of this invention were employed
to clean silicon wafers of various iiiicroelectronic structure as detailed in the Table. Table 6



[00341 The cleaning performance of the metal-free halogen oxygen acid salt

containing compositions, TMAOCI-Solution A and TMAOCI-Solution B, is illustrated

by the cleaning results set forth in Table 6 in which the cleaning compositions of this

invention were employed to clean silicon wafers of various microelectronic structure

as detailed in the Table.

Table 6

Microelectronic

Structure

PR/CDO

PRYCDO

Gomposition and Process

Gonditions

PRYSARC/CDO

TMAOCI-Solution A; 50oC for

20 minutes

TMAOCI-Solution B; 50oC for

20 minutes

lmmersed first at 60oC for 16

minutes in a solution of I parts

of a solution of

150:60:17.5:1.8: 30 parts of

sulfolane, water, 25%TMAH,

EDTMP and EG, and 1 part

30% hydrogen peroxide;

followed by:

immersion in TMAOCI-Solution

A for 15 minutes at 55oC

.Results

100% clean (PR, shell,

via residues)

SARC= Sacrificial anti-reflective coating

TMAH= Tetramethylammonium hydroxide

EDTMP= Ethylenediamine tetra(methylene phosphonic acid)

EG= Ethylene glycol

100% clean (PR, shell,

via residues)

L0

100% clean (PR, shell,

via residues)

[0035] While the invention has been described herein with reference to the

-20-
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spec¡fic embodiments thereof, it will be appreciated that changes, modìfication

and variations can be made without depar:ting 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.

-2t-

Results              PR/COOTMAOCI-Solution A; 50C for 20 minutes   100% clean (PR, shell, via
residues)          



I claim:

A composition for cleaning photoresist or residue from a microelectronic

substrate, the cleaning composition comprising: (a) an oxidizer selected from

the group consisting of an alkyl hypochlorite and a tetraalkylammonium

hypochlorite, and (b) a solvent for component (a), (c) a stabilizer for available

hydrogen from the oxidizer, the stabilizer being selected from the group

consisting of triazoles, thiazoles, tetrazoles and imidazoles; and, optionally

one or more of the following components: (d) an non ammonium-producing

alkaline base, (e) an acid, (f) a metal chelating or complexing agent, (g) a

cleaning performance enhancing additive, (h) a metalcorrosion inhibitor, (i) a

non ammonium-producing fluoride, and O a surfactant; with the proviso that

when the oxidizer component (a) is an alkyl hypochlorite, the component (b)

solvent is not an amide, sulfone, sulfolene, selenone or a saturated alcohol

solvent.

2. A composition according to claim 1 wherein the oxidizer component (a) is

tetramethylammonium hypochlorite.

A composition according to claim 2 wherein the component (b) solvent

comprises water, and the composition also comprises a

tetramethylammonium hydroxide as component (d).

4. A composition according to claim 3 additionally comprising a component fi)

surfactant.

5. A composition according to claim 3 comprising benzotriazole as component

(c).

-22-



6. A composition according to claim 2 wherein the component (b) solvent

comprises sulfolane, and the composition also comprises

tetramethylammonium fluoride as component (i).

7. A composition according to claim 6 wherein the composition comprises

benzotriazole as component (c).

8. A composition according to claim 1 wherein the component (b) solvent

comprises water, and the composition also comprises tetramethylammonium

fluoride as component (i).

9. A composition according to claim 8 wherein the composition comprises

benzotriazole as component (c).

10. A composition for cleaning photoresist or residue from a microelectronic

substrate and stabilized as to the amount of available halogen, the cleaning

composition comprising: (a) an oxidizer selected from the group consisting of

a halogen oxygen acid, a salt of said acid, or derivative thereof wherein the

derivative is selected from the group consisting of halogenated isocyanates,

chlorine dioxide, chlorine monoxide, and hypochlorite-phosphite complexes,

and (b) a solvent for component (a), (c) a stabilizing effective amount of a

stabilizer for available hydrogen from the oxidizer, the stabilizer being

selected from the group consisting of triazoles, thiazoles, tetrazoles and

imidazoles in an amount of from aboutO.l% to about 5o/oby weight of the

composition and having been incorporated with the oxidizer component

during synthesis of the oxidizer; and, optionally one or more of the following

components: (d) an non ammonium-producing alkaline base, (e) an acid, (f) a

metal chelating or complexing agent, (g) a cleaning performance enhancing

addltive, (h) a metal corrosion inhibitor, (i) a non ammonium-producing

fluoride, and fi) a surfactant; with the provisos that when the oxidizer

component (a) is an alkyl hypochlorite, the component (b) solvent is not an

-23 -

PR/COOj TMAOCI-Solution B; 50C for 20 minutes   100% dean (PR, shell, via residues)       



am¡de, sulfone, sulfolene, selenone or a saturated alcohol solvent, and when

the oxidizer component (a) is hypochlorous acid the cleaning composition

also must contain the non-ammonium-producing alkaline base.

11. A composition according to claim l0 wherein the composition comprises a

halogen oxy acid or salt or derivative thereof in an amount, based on the total

weight of the composition, of from about 0.001% to about 30% and provides

from about 0.001% to about 30% available halogen.

12. A composition according to claim 10 the oxidizer is selected from the group

consisting of a halogen oxy-acid, salt or derivative thereof wherein the

derivative is a hypochlorite-phosphite complex and wherein the stabilizer (c)

is present in an amount up to about O.5o/o by weight.

13. A composition according to claim 10 wherein the stabilizer is benzotriazole.

14. A composition according to claim 10 wherein the oxidizer component (a) is

selected from the group consisting of an alkyl chlorite, an alkyl hypochlorite, a

tetraalkylammonium chlorite, a tetraalkylammonium hypochlorite, a

substituted trialkylammonium chlorite and a substituted trialkylammonium

hypochlorite, and wherein said oxidizer provides from about 0.001 to about

30% available halogen.

15. A composition according to claim 10 wherein the oxidizer component (a) is

selected from the group consisting of hypochlorous acid, chloric acid, alkali

and alkaline earth salts of said acids, alkyl hypochlorites and

tetraalkylammoni um hypochlorites.

16. A composition of claim 10 wherein the oxidizer component (a) is selected

from the group consisting of sodium hypochlorite.
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17. A composition according to claim 16 wherein the solvent is water.

18. A composition according to claim 10 wherein the oxidizer component (a)

comprise HClO.sub.3.

19. A composition according to claim 18 wherein the component (b) solvent

comprises water, and the composition comprises a component fi) surfactant.

20. A process for cleaning photoresist or residue from a microelectronic substrate,

the process comprising contacting the substrate with a cleaning composition

for a time sufficient to clean the photoresist or residue from the substrate,

wherein the cleaning composition comprises a composition of claim 10.

21. The process for cleaning photoresist or residue from a microelectronic

substrate, the process comprising contacting the substrate with a cleaning

composition for a time sufficient to clean the photoresist or residue from the

substrate, wherein the cleaning composition comprises a composition of claim

11.

22. The process for cleaning photoresist or residue from a microelectronic

substrate, the process comprising contacting the substrate with a cleaning

composition for a time sufficient to clean the photoresist or residue from the

substrate, wherein the cleaning composition comprises a composition of claim

12.

23. The process for cleaning photoresist or residue from a microelectronic

substrate, the process comprising contacting the substrate with a cleaning

composition for a time sufficient to clean the photoresist or residue from the

substrate, wherein the cleaning composition comprises a composition of claim

13.
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PRLSARC/CDOI Immersed first at 60C for 16 minutes in a solution of 8 parts of a solution of
150:60:17.51.8: 30 parts of sulfolane, water, 25%TIVIAH, EBTiviP and EG , and 1 part 30%
hydrogen peroxide; followed by:   100% clean (PR, shell, via residues)            



24. The process for cleaning photoresist or residue from a microelectronic

substrate, the process comprising contacting the substrate with a cleaning

composition for a time sufficient to clean the photoresist or residue from the

substrate, wherein the cleaning composition comprises a composition of claim

14.

25. The process for cleaning photoresist or residue from a microelectronic

substrate, the process comprising contacting the substrate with a cleaning

composition for a time sufficient to clean the photoresist or residue from the

substrate, wherein the cleaning composition comprises a composition of claim

15.

26. The process for cleaning photoresist or residue from a microelectronic

substrate, the process comprising contacting the substrate with'a cleaning

composition for a time sufficient to clean the photoresist or residue from the

substrate, wherein the cleaning composition comprises a composition of claim

16.

27. The process for cleaning photoresist or residue from a microelectronic

substrate, the process comprising contacting the substrate with a cleaning

composition for a time sufficient to clean the photoresist or residue from the

substrate, wherein the cleaning composition comprises a composition of claim

17.

28. The process for cleaning photoresist or residue from a microelectronic

substrate, the process comprising contacting the substrate with a cleaning

composition for a time sufficient to clean the photoresist or residue from the

substrate, wherein the cleaning composition comprises a composition of claim

18.

-26 -

Immersion hi TMAOCI-Solution A for 15 minutes at 55C                  



29. The process for cleaning photoresist or residue from a microelectronic

substrate, the process comprising contacting the substrate with a cleaning

composition for a time sufficient to clean the photoresist or residue from the

substrate, wherein the cleaning composition comprises a composition of claim

19.

30. A process for cleaning photoresist or residue from a microelectronic substrate,

the process comprising contacting the substrate with a cleaning composition

for a time sufficient to clean the photoresist or residue from the substrate,

wherein the cleaning composition comprises a composition of claim 1.

31. A process for cleaning photoresist or residue from a microelectronic substrate,

the process comprising contacting the substrate with a cleaning composition

for a time sufficient to clean the photoresist or residue from the substrate,

wherein the cleaning composition comprises a composition of claim 2.

32. A process for cleaning photoresist or residue from a microelectronic substrate,

the process comprising contacting the substrate with a cleaning composition

for a time sufficient to clean the photoresist or residue from the substrate,

wherein the cleaning composition comprises a composition of claim 3.

33. A process for cleaning photoresist or residue from a microelectronic substrate,

the process comprising contacting the substrate with a cleaning composition

for a time sufficient to clean the photoresist or residue from the substrate,

wherein the cleaning composition comprises a composition of claim 4.

U. A process for cleaning photoresist or residue from a microelectronic substrate,

the process comprising contacting the substrate with a cleaning composition

for a time sufflcient to clean the photoresist or residue from the substrate,

wherein the cleaning composition comprises a composition of claim 5.
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35. A process for cleaning photoresist or residue from a microelectronic substrate,

the process comprising contacting the substrate with a cleaning composition

for a time sufficient to clean the photoresist or residue from the substrate,

wherein the cleaning composition comprises a composition of claim 6.

36. A process for cleaning photoresist or residue from a microelectronic substrate,

the process comprising contacting the substrate with a cleaning composition

for a time sufficient to clean the photoresist or residue from the substrate,

wherein the cleaning composition comprises a composition of claim 7.

37. A process for cleaning photoresist or residue from a microelectronic substrate,

the process comprising contacting the substrate with a cleaning composition

for a time sufficient to clean the photoresist or residue from the substrate,

wherein the cleaning composition comprises a composition of ctaim 8.

38. A process for cleaning photoresist or residue from a microelectronic substrate,

the process comprising contacting the substrate with a cleaning composition

for a time sufficient to clean the photoresist or residue from the substrate,

wherein the cleaning composition comprises a composition of claim 9.

39. A composition stabilized as to the amount of available halogen comprising: (a)

an oxidizer selected from the group consisting of an organic salt of a halogen

oxygen acid selected from the group consisting of alkyl chlorites alkyl

hypochlorites, tetraalkylammonium chlorites, tetraalkylammonium

hypochlorites, substituted tetraalkylammonium chlorites, and substituted

tetraalkylammonium hypochlorites; and (b) a stabilizing effective amount of a

stabilizer selected from the group consisting of triazoles, thiazoles, tetrazoles

and imidazoles in an amount of from about O.1o/o to about 5% by weight of the

composition and having been incorporated with the organic salt of the

halogen oxygen acid during synthesis of the organic salt of the halogen

oxygen acid.
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SARC:= Sacrificial anti-reflective coating TMAH= Tetramethylarnmonium hydroxide
EDIMP= Ethylenediamine tetra(methylene phosphonic acid) 1 ciEGir--- Ethylene glycol
specific embodiments thereof, it Mil he appreciated that changes, modification and variations
can he made without departing from the spirit and scope of the inventive concept disclosed
herein. Accordingiy, it is intended to embrace ail such changes, modification and variations
that fall with the spirit and scope of the appended claims,  I claim: A composition for cleaning
photoresist or residue from a microelectronic substrate, the cleaning composition comprising:
(a) an oxidizer selected from the group consisting of an alkyl hypochlorite and a
tetraalkylammonium hypochlorite, and (b) a solvent for component (a), (c) a stabilizer for
available hydrogen from the oxidizer, the stabilizer being selected from the group consisting of
triazoles, thiazoles, tetrazoles and imidazoles; and, optionally one or more of the following
components: (d) an non ammonium-producing alkaline base, (e) an acid, (t) a metal chelating
or complexing agent, (g) a cleaning performance enhancing additive, (h) a metal corrosion
inhibitor, (i) a non ammonium-producing fluoride, and (j) a surfactant; with the proviso that
when the oxidizer component (a) is an alkyl hypochlorite, the component (b) solvent is not an
amide, sullen% sulfolene, selenone or a saturated alcohol solvent. 2. A composition according
to claim I wherein the oxidizer component (a) is tetramethylammonium hypochlorite. A
composition according to claim 2 wherein the component (b) solvent comprises water, and the
composition also comprises a tetramethylarr3moniurn hydroxide as component (d). 4. A
composition according to claim 3 additionally comprising component (j) surfactant. 5. A
composition according to claim 3 comprising benzotriazole as component  6. A composition
according to claim 2 wherein the component (b) solvent comprises sulfolane, and the
composition also comprises tetramethylammonium fluoride as component (i). 7, A
composition according to claim 6 wherein the composition comprises benzotriazole as
component (c). 8, A composition according to claim 1 wherein the component (b) solvent
comprises water, and the composition also comprises tetramethylammonium fluoride as
component (i), 9. A composition according to claim 8 wherein the composition comprises
benzotriazole as component (c), 10. A composition for cleaning photoresist or residue from a
microelectronic substrate and stabilized as to the amount of available halogen, the cleaning
composition comprising: (a) an oxidizer selected from the group consisting of a halogen
oxygen acid, a salt of said acid, or derivative thereof wherein the derivative is selected from
the group consisting of halogenated isocyanates, chlorine dioxide, chlorine monoxide, and
hypochlorite-phosphite complexes, and (b) a solvent for component (a), (c) a stabilizing
effective amount of a stabilizer for available hydrogen from the oxidizer, the stabilizer being
selected from the group consisting of triazoies, thiazoles, tetrazoles and imidazoles in an
amount of from about 0.1% to about 5% by weight of the composition and having been
incorporated with the oxidizer component during synthesis of the oxidizer; and, optionally one
or more of the following components: (d) an non ammonium-producing alkaline base, (e) an
acid, (f) a metal chelating or complexing agent, (g) a cleaning performance enhancing
additive, (h) a metal corrosion inhibitor, (i) a non ammonium-producing fluoride, and (I) a
surfactant; with the provisos that when the oxidizer component (a) is an alkyl hypochlorite, the
component (b) solvent is not an  amide. sulfone, sulfolene. selenone or a saturated alcohol
solvent, and when the oxidizer component (a) is hypochlorous acid the cleaning composition
also must contain the non-ammonium-producing alkaline base. 11. A composition according
to claim 10 wherein the composition comprises a halogen oxy acid or salt or derivative thereof
in an amount, based on the total weight of the composition, of from about 0.001% to about
30% and provides from about 0.001% to about 30% available halogen. 12. A composition
according to claim 10 the oxidizer is selected from the group consisting of a halogen oxy-acid,
salt or derivative thereof wherein the derivative is a hypochiorite-phosphite complex and
wherein the stabilizer (c) is present in an amount up to about 0.5% by weight. 



40. The composition of claim 39 wherein the stabilizer is a triazole.

41. The composition of claim 40 wherein the stabilizer is benzotriazole.

42. The composition of claim 39 wherein the oxidizer component (a) is selected

from the group consisting of alkyl hypochlorites and tetralkylammonium

hypochlorites.

43. The composition of claim 39 wherein the oxidizer component (a) is setected

from the group consisting of t-butyl hypochlorite and tetramethylammonium

hypochlorite.

4. The composition of claim 41 wherein the oxidizer component (a) is selected

from the group consisting of t-butyl hypochlorite and tetramethylammonium

hypochlorite.

45. A process for cleaning photoresist or residue from a microelectronic substrate,

the process comprising contacting the substrate with a cleaning composition

for a time sufficient to clean the photoresist or residue from the substrate,

wherein the cleaning composition comprises a composition of claim 39.

46. A process for cleaning photoresist or residue from a microelectronic substrate,

the process comprising contacting the substrate with a cleaning composition

for a time sufficient to clean the photoresist or residue from the substrate,

wherein the cleaning composition comprises a composition of claim 40.

47. A process for cleaning photoresist or residue from a microelectronic substrate,

the process comprising contacting the substrate with a cleaning composition

for a time sufficient to clean the photoresist or residue from the substrate,

wherein the cleaning composition comprises a composition of claim 41.
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13. A composition according to claim 10 wherein the stabilizer is benzotriazole. 14. A
composition according to claim 10 wherein the oxidizer component (a) is selected from the
group consisting of an alkyl chlorite, an alkyl hypochlorite, a tetraalkylammonium chlorite, a
tetraalkyiammonium hypochiorite, a substituted trialkylarnmonium chlorite and a substituted
trialkylammonium hypochlorite, and wherein said oxidizer provides from about 0.001 to about
30% available halogen. 15. A composition according to claim 10 wherein the oxidizer
component (a) is selected from the group consisting of hypochlorous acid, chloric acid, alkali
and alkaline earth salts of said acids, alkyl hypochlorites and tetraal kylam mon i um
hypochlorites. 16. A composition of claim 10 wherein the oxidizer component (a) is selected
from the group consisting of sodium hypochlorite.  17. A composition according to claim 16
wherein the soivent is water. 18. A composition according to claim 10 wherein the oxidizer
component (a) comprise FICIO.sub.3. 19. A composition according to claim 18 wherein the
component (b) solvent comprises water, and the composition comprises a component (j)
surfactant, 20. A process for cleaning photoresist or residue from a microelectronic substrate,
the process comprising contacting the substrate with a cleaning composition for a time
sufficient to dean the photoresist or residue from the substrate, wherein the cleaning
composition comprises a composition of claim 10. 21. The process for cleaning photoresist or
residue from a microelectronic substrate, the process comprising contacting the substrate with
a cleaning composition for a time sufficient to clean the photoresist or residue from the
substrate, wherein the cleaning composition comprises a composition of claim 11. 22. The
process for cleaning photoresist or residue from a microelectronic substrate, the process
comprising contacting the substrate with a cleaning composition for a time sufficient to clean
the photoresist or residue from the substrate, wherein the cleaning composition comprises a
composition of claim 12. 23. The process for cleaning photoresist or residue from a
microelectronic substrate, the process comprising contacting the substrate with a cleaning
composition for a time sufficient to dean the photoresist or residue from the substrate, wherein
the cleaning composition comprises a composition of claim 13.  24. The process for cleaning
photoresist or residue from a microelectronic substrate, the process comprising contacting the
substrate with a cleaning composition for a time sufficient to dean the photoresist or residue
from the substrate, wherein the cleaning composition comprises a composition of claim 14.
25. The process for cleaning photoresist or residue from a microelectronic substrate, the
process comprising contacting the substrate with a cleaning composition for a time sufficient
to clean the photoresist or residue from the substrate, wherein the cleaning composition
comprises a composition of claim 15. 28. The process for cleaning photoresist or residue from
a microelectronic substrate, the process comprising contacting the substrate with's cleaning
composition for a time sufficient to dean the photoresist or residue from the substrate, wherein
the cleaning composition comprises a composition of claim 16. 27. The process for cleaning
photoresist or residue from a microelectronic substrate, the process comprising contacting the
substrate with a cleaning composition for a time sufficient to dean the photoresist or residue
from the substrate, wherein the cleaning composition comprises a composition of claim 17.
28. The process for cleaning photoresist or residue from a microelectronic substrate, the
process comprising contacting the substrate with a cleaning composition for a time sufficient
to clean the photoresist or residue from the substrate, wherein the cleaning composition
comprises a composition of claim 18. 



48. process for cleaning photoresist or residue from a microelectronic substrate,

the process comprising contacting the substrate with a cleaning composition

for a time sufficient to clean the photoresist or residue from the substrate,

wherein the cleaning composition comprises a composition of claim 42.

49. A process for cleaning photoresist or residue from a microelectronic substrate,

the process comprising contacting the substrate with a cleaning composition

for a time sufficient to clean the photoresist or residue from the substrate,

wherein the cleaning composition comprises a composition of claim 43.

50. A process for cleaning photoresist or residue from a microelectronic substrate,

the process comprising contacting the substrate with a cleaning composition

for a time sufficient to clean the photoresist or residue from the substrate,

wherein the cleaning composition comprises a composition of claim 44.

51. A process according to claim 30 wherein the composition comprises an

organic salt of a halogen oxy acid in an amount, based on the total weight of

. the composition, of from about 0.001% to about 30% and provides from about

0.001% to aboul30% available halogen.

52. A process according to claim 51 wherein the composition comprises

benzotriazole as component (c).

53. A process according to claim 51 wherein-the stabilizer (c) is present in an

amount up to about O.5o/o by weight.

U. A process according to claim 53 wherein the composition comprises

benzolriazole as component (c).

-30-

29. The process for cleaning photoresist or residue from a microelectronic substrate, the
process comprising contacting the substrate with a cleaning composition for a time sufficient
to clean the photoresist or residue from the substrate, wherein the cleaning composition
comprises a composition of claim 19. 30. A process for cleaning photoresist or residue from a
microelectronic substrate, the process comprising contacting the substrate with a cleaning
composition for a time sufficient to dean the photoresist or residue from the substrate, wherein
the cleaning composition comprises a composition of claim 1. 31. A process for cleaning
photoresist or residue from a microelectronic substrate, the process comprising contacting the
substrate with a cleaning composition for a time sufficient to dean the photoresist or residue
from the substrate, wherein the cleaning composition comprises a composition of claim 2. 32.
A process for cleaning photoresist or residue from a microelectronic substrate, the process
comprising contacting the substrate with a cleaning composition for a time sufficient to dean
the photoresist or residue from the substrate, wherein the cleaning composition comprises a
composition of claim 3. 33. A process for cleaning photoresist or residue from a
microelectronic substrate, the process comprising contacting the substrate with a cleaning
composition for a time sufficient to clean the photoresist or residue from the substrate,
wherein the cleaning composition comprises a composition of claim 4. 34, A process for
cleaning photoresist or residue from a microelectronic substrate, the process comprising
contacting the substrate with a cleaning composition for a time sufficient to dean the
photoresist or residue from the substrate, wherein the cleaning composition comprises a
composition of claim 6.  35, A process for cleaning photoresist or residue from a
microelectronic substrate, the process comprising contacting the substrate with a cleaning
composition for a time sufficient to clean the photoresist or residue from the substrate,
wherein the cleaning composition comprises a composition of claim 6. 36. A process for
cleaning photoresist or residue from a microelectronic substrate, the process comprising
contacting the substrate with a cleaning composition for a time sufficient to clean the
photoresist or residue from the substrate, wherein the cleaning composition comprises a
composition of claim 7. 37. A process for cleaning photoresist or residue from a
microelectronic substrate, the process comprising contacting the substrate with a cleaning
composition for a time sufficient to dean the photoresist or residue from the substrate, wherein
the cleaning composition comprises a composition of claim 8. 38. A process for cleaning
photoresist or residue from a microelectronic substrate, the process comprising contacting the
substrate with a cleaning composition for a time sufficient to clean the photoresist or residue
from the substrate, wherein the cleaning composition comprises a composition of claim 9, 39.
A composition stabilized as to the amount of available halogen comprising: (a) an oxidizer
selected from the group consisting of an organic salt of a halogen oxygen acid selected from
the group consisting of alkyl chlorites alkyl hypochlorites, tetraalkylammonium chlorites,
tetraalkylammonium hypochlorites, substituted tetraalkylammoniurn chlorites, and substituted
tetraalkylammonium hypochlorites; and (b) a stabilizing effective amount of a stabilizer
selected from the group consisting of triazoles, thiazoles, tetrazoles and imidazoles in an
amount of from about 0.1% to about 5% by weight of the composition and having been
incorporated with the organic salt of the halogen oxygen acid during synthesis of the organic
salt of the halogen oxygen acid.  40. The composition of claim 39 wherein the stabilizer is a
triazoie. 41. The composition of claim 40 wherein the stabilizer is benzotriazole. 42. The
composition of claim 39 wherein the oxidizer component (a) is selected from the group
consisting of alkyl hypochiorites and tetralkylammonium hypochlorites, 43. The composition of
claim 39 wherein the oxidizer component (a) is selected from the group consisting of t-butyl
hypochlorite and tetramethylammonium hypochlorite. 44. The composition of claim 41 wherein
the oxidizer component (a) is selected from the group consisting of t-butyl hypochlorite and
tetramethylammonium hypochlorite. 45. A process for cleaning photoresist or residue from a



55. A process according to any one of claims 30, 31 o¡ 32-54 wherein the

microelectronic substrate being cleaned is characterized by the presence of

at least one of a copper, tantalum, tungsten, nickel, gold, cobalt, palladium,

platinum, chromium, ruthenium, rhodium, iridium, hafnium, titanium,

molybdenum, and tin metallization, and sensitive low-.kappa. or high-.kappa.

dielectrics.

- 31 -

63. A process according to claim 51 wherein-the stabilizer (c) is present in an amount up to
about 0,5% by weight. 54. A process according to claim 53 wherein the composition
comprises benzotriazole as component (c).  55, A process according to any one of claims 30,
31 or 32-54 wherein the microelectronic substrate being cleaned is characterized by the
presence of at least one of a copper, tantalum, tungsten, nickel, gold, cobalt, palladium,
platinum, chromium, ruthenium, rhodium, iridium, hafnium, titanium, molybdenum, and tin
metallization, and sensitive low-,kappa, or high-.kappa. dielectrics, 


