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POST CMP CLEANING COMPOSITIONS FOR CERIA PARTICLES

Field of the Invention

The present invention relates generally to compositions for removing cena particles and
other chemical mechanical polishing shurry contaminants from microelectronic devices having

same thereon.

Backeround of the Invention

Microelectronic device wafers are used to form mtegrated circuits. The microelectronic
device wafer includes a substrate, such as silicon, inte which regions are patterned for deposition
of different maternials having msulative, conductive or semi-conductive propertics.

In order to obtain the correct patterning, cxecss matenal used in forming the layers on the
substrate must be removed. Further, to fabricate functional and reliable circuitry, it 13 important
to prepare a flat or planar microelectronic wafer surface prior to subsequent processing. Thus, it
18 necessary 1o remove and/or polish certain surfaces of a microelectronic device wafer.

Chenucal Mechanical Polishing or Planarization ("CMP") 15 a process in which maternial
i3 removed from a surface of a microelectronic device wafer, and the surface 1s polished {e.g.,
planarized) by coupling a physical process such as abrasion with a chemical process such as
oxidation or chelation. In tis moost rudimentary form, CMP mvolves applving an abrasive slurry
having an active chenustry to a polishing pad that butfs the surface of a microelectronic device
wafer during the removal, planarization, and polishing processes. Removal or polishing
processes using purely physical or purely chemical action are not as effective ag the synergistic
combmation of both m order to achieve fast, unitorm removal. In addition, i the fabrication of
mitegrated circuits, the CMP shirry should also be able to preferentially remove films that
comprise complex layers of metals and other materials so that highly plasar surfaces can be

produced for subsequent photolithography, or patterning, ctching and thin-film processing.

In a front-end-of-the-line (FEQL) method for forming an isolation region in a stlicon
substrate using the shaliow trench isolation (8T1) process, a pad oxide film and a pad nitride film
are deposited on a semiconductor substrate and pattemed to expose portions of the subsirate,
which correspond to an isolation region. Then, the exposed regions of the substrate are etched to
form a trench. Thereafter, the substrate s subjected to a sacrificial oxidation process {0 remove
damage caused bv the substrate etching followed by formation of a wall oxide fili on the

surface of the trench. Next, a trench-buried oxide film (e.g., an oxide film formed by high
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density plasma chemical vapor deposition referred fo as an HPP-oxide film), 1s deposited on the

surface of the substrate in such a manner as 1o be burnied n the trench. Then, the surface of the

HDP-oxide film i1g subjected to chemical mechamical polishing until the pad nitride film 1s

exposed. The resulting substrate is then cleaned and the pad mitnde film which was used as an

ctch barrier during the trench cich is removed, completing the formation of an isolation region.
A CMP slurry using ceria particles generally achieves a faster polishing speed for an

insulator, relative to a sihica-containing slurry. Morgover, a3 ceria-based shurry is most often used

Disadvantageously, ceria~based shurries are difficult to remove from ST structures becaunse of
the opposttely charged zeta potentials of the certa particles relative to the siheon oxide and
silicon nitride surfaces. If a device is manufactured with these residues remaining on the wafer,
the residues will lead to short circuits and an increase in clectrical resistance. Ceria particles are
also a problem with FinFET structures following CMP processing using ceria slurries.

Currently, the most efficient wet cleaning formulation for removing ceria particles is
dilute hydrofluoric acid (DHF). However, DHF disadvantageously etches silicon oxide and
other low-k dielectric matenals.

Therefore, a need remains for a ceria particle removal composition and process that
effectively removes ceria particles from a surface of a microelectronic device while not
damaging the underlving materials such as silicon nitnide, low-k diclectrics {e.g., silicon oxidc},
and tungsten-containing lavers. The ceria particle removal composition should also efficaciously

remove CMP slurry contaminants from the surface of the microelectronic device.

Summary of the Invention

The present invention gencrally relates to a removal composition and process,
particolarly useful for cleaning ceria particles and CMP contaminants from microelectronic
devices having said particles and CMP contaminants thereon, in particular microclectronic
devices having PETEQOS, Silicon Nitnde, and Poly-51 substrates.  In one aspect, the invention
provides treatment of the microelectronic substrate having positively charged ceria particles
thereon using oxidizing agents. in another aspect, a method of removing ceria particies and
CMP contaminants from a microelectronic device baving said particies and contaminants thereon
18 described, said method comprising contacting the microelectronic device with a removal
composition for sufficient time to at least partially clean said particles and contaminants from the
microclectronic device, wherein said removal composition comprises (i} at least one oxidizing
agent; (11} at least one complexing agent; (i) at least one cleaning agent; (iv) at least one
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quatemarv ammonium or quaternary phosphonium compound or morganic hvdroxide and (v)

water; and optionally other ingredients.

Detailed Description of the Invention

The present invention relates generally to compositions useful for the removal of
positively-charged cena particles and CMP contaminants from a microglectronic device having
such material{s) thercon. The ceria particles and CMP contaminants are efficaciously removed
using the compositions and further the compositions are compatible with silicon nitride and low-
k diclectric {e.g., silicon oxide) layers.

In a first aspect, the invention provides a composition, comprising, consisting of, or
consisting essentially of a composition as set forth herein. In one embodiment, the invention
provides a composition comprising

{1} at least one oxidizing agent;

(11) at least one complexing agent;

{(111) at least one cleaning agent;

{(1v} at least one quatemary ammonium or quaternary phosphomium compound or
morganic hydroxide; and

{v) water.

As used herein, the term "oxidizing agent(s)" includes, but is not limited to: hydrogen
peroxide; other per-compounds such as salts and acids contaning peroxomonosulfate, perborate,
perchlorate, periodate, persulfate, permanganate, and peracetate anions; and amine-N-oxides.
Further examples include FeCls, FeFs, Fe{NO1) 3, Se(NGs) 2, CoFs, MnFs, ozone
{(ZKHSOs KHS04. K780, 1odic acid, vanadium (V) oxade, vanadiom (IV, V) oxade, ammonium
vanadate, ammonium polyatomic salts (e.g., ammoniom peroxomonosulfate, ammonium chiorite
(NH4C1Os), ammoniam chlorate (NH:ClOs), ammonium iodate (NHOs), ammontom nitrate
(NHsNG3), ammonium perborate (NHsBGO:), ammonium perchlorate (NH1ClO4), ammonium
periodate (NH4IO4), ammonium persulfate ((NH1) 25:05), ammonium hypochlorite (NHaCIO)),
ammontam tungstate ((NH4) 10HAW2(7)), sodium polyatotnic salts {e.g., sodim persulfate
{(Naz520s), sodium hypochlorite (NaCl0), sodium perborate), potassium polyatomic salts {e.g.,
potasstum 1odate (K1Os), potassium permanganate (KMnOa), potassium persultate, nitric acid

(HNO3), potassium persulfate (K28:08), potassium hypochlorite (KCI03), tetramethvl

ammonium polyatomic salts {e. g, tetramethylammoniom chlonte (N(CH3) 4CIO0),

tetramethylammonum chlorate ((N(CHz) 9CIOs). tetramethylammonium iodate (N(CH:) 4)103),

tetramethylammonium perborate (N{TCH3) 4)BGs), tetramethvlammonium perchiorate ((IN(CHs)
- 3
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4104, tetramethylanuonium periodate ((N(CH3) 43104, tetramethylaramonium persulfate
({N{CH:31)S204)), tetrabutylammonium polyatomic salts {e.g., tetrabutylammonium
peroxomonosulfate}, peroxotnonosulfuric acid, ferric mitrate (Fe(N{z) 3), urea hyvdrogen peroxide
({COMNH2) 3H:00), peracetic acid (CH3{COYOOH), 1.4-benzoquinone, tolaquinone, dimethyl-
1.4-benzoquinone, chloranil, alloxan, N-methylmorpholing N-oxide, timethylamine N-oxide,
and combinations thereof. Other examples of oxadizing agents inclade perbromic acid, telluric
acid trifluoroperacetic acid, m-chioroperbenzoic acid, t-butyl hydroperoxide, dibenzoyl peroxide,
potassium peroxysulfate {e.z. . Oxone ® DuPont), methylethylketone peroxide, acetone peroxide,
cthythydroperoxide, and cumene hydroperoxide.

In one embodiment, the amount of oxadizing agent is in a range from about 0.0601 wt % to
5 wt %, and in another embodiment in a range of about 0.001 wt % to about 2 wit %, based on the
total weight of the composition.

As used herein, the term “complexing agent” includes those compounds that are
understood by one skilled i the art to be complexing agents, chelating agents and/or
sequestering agents, or otherwise interacts with the Ceria. Complexing agents will chemically
combine with or physically hold the metal atom and/or metal ion to be removed using the
compositions described herein. Complexing agents inclade species having the general formula
NRIR?R?, wherein R!, R? and R’ may be the same as or different from one another and are
chosen from hydrogen, straight-cham or branched C:-Cs alkyl {e. g, methyl, cthyl, propyl, butyl,
pentyl, and hexyl) groups, straight-chain or branched C1-Ce hydroxyalkyl (e.g., hydroxymethyl,
hydrosyethyl, hydroxypropyl, hydroxybutyl, hvdroxypentyl, and hydroxyhexyl} groups, and C1-
Cs alkyl ethers of straight chain or branched Ci-Cs hydroxyalky! groups as defined above. In
certain embodiments, at least one of R?, R? and R’ is a straight-chain or branched C1-Ce
hydroxyalkyl group. Examples include, without imitation, alkanolamines such as
aminoethylethanolamine, N-methylamincethanol, amincethoxyethanol,
dimethylanminoethoxyethanol, dicthanolanune, N-methyldicthanolanine, monocthanolamine
{(MEA), tricthanolanune {TEA), 1-amino-2-propanol, Z-amino-1-butanol, isobutanolamine,
tricthvilenediamine, other C1-Cs alkanclamines and combinations thereof. (In the illustrative
gxamples in Table 1 below, the alkanolamine is listed in the "anune” column.}) When the amine
mchudes the alkylether component, the amine may be considered an alkoxvamine, e.g., 1-
methoxy-2-aminoethane. Alternatively, or in addition to the NR'R’R’ amine, the complexing
agent may be a multi-finctional amine including, but not limited to, 4-(2-
bydroxyethyvlymorpholine (HEM), 1,2-cvclohexanediamine-N, NN, N'-tetraacetic acid (CD'TA),
cthvienediaminetetraacetic acid (EDTA), m-xvienediamine (MXDA), iminodiacetic acid (JDA),
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2~(hvdroxyethyliminodiacetic acid (HIDA), nitnifotriacetic acid, thiourea, 1,1,3,3-
tetramethyviurea, urea, urea derivatives, uric acid, alanine, arginine, asparagine, aspartic acid,
cvsteine, glutamic acid, glutaming, histidine, isoloucine, fencing, lysine, methioning,
phenyvlalanine, proling, serine, threoning, tryptophan, tyrosime, valine, and combinations thereof.
Altemnatively, or in addition to the aforementioned complexing agents, additional complexing
agents can include phosphonates {e. g, 1-hvdroxyethylidene-1, 1-diphosphonic acid (HEDP),

1,5, 9-triazacyclododecane-N N' N"-tris{methyienephosphonic acid} (DOTRP), 1.4.7,10-
tetraazacyelododecane-N, N N" N"'-tetrakis{methylencep- hosphonic acid) (DOTP),
nitrilotristmethyviene yiniphosphonic acid, dicthyienctnaminepentakis{methvienephosphonic acid)
(DETAP), aminotri{methylenephosphonic acid), bisthexamethylene)triaming pentamethvlene
phosphonic acid, 1,4, 7-triazacyclononane-N N' N"-tris{methylenephosphonic acid (NOTP),
bydroxyethvidiphosphonate, nitnlotris(methyleneiphosphonic acid, 2-phosphono-butane-~1,2.3 4-
(etracarboxyvlhic, carboxy ethvl phosphomie acid, aminoethyl phosphonic acid, glvphosate,
ethyvlene diannine tetra{methylenephosphonic acid) phenylphosphonic acid, salts thereof, and
denivatives thereof) and/or carboxylic acids {e.g., oxalic acid, succinnic acid, sulfosuccinic acid,
sulfophthalic acid, maleic acid, malic acid, malonic acid, adipic acid, phthalic acid, citric acid,
sodium citrate, potassium citrate, ammonium citrate, tricarballylie acid, trimethyvlolpropionic
acid, tartaric acid, glucuronic acid, Z-carboxypyridine, etidronic acid, amino
tris{methvienephosphonic acid)) and/or sulfonic acids such as tiron (4,5-Dihydroxy-1,3-
benzenedisultonic acid disodinm salt). In certain embodiments, the at least one complexing
agent comprises a species chosen from monoethanolamine, triethanclamine, sulfuric acid, citric
acid and combinations thereof. In one embodiment, the amount of complexing agent(s) in the
removal composition is in a range from about 0.01 wt % to about 10 wt %, based on the total
weight of the removal composition.

The composition also comprises at least one cleaning agent. Said cleaning agents are
chosen from at least one of (1) one or more water miscible solvent(s) and/or (it} one or more ong
polymer(s).

Examples of water-miscible solvents include, glveols, and glyeol ethers, including, but
not Hmited to, methanol, ethano!, iscpropanol, butancl, and higher alcohols {(such as Co-Cy diols
and C2-Cs triols), tetrahydrofurfuryl alcohol (THFA), halogenated alcohols (such as 3-~chioro-
1.2-propanediol, 3-chloro-i-propancthiol, 1-chloro-2-propanol, 2-chloro-1-propancl, 3-chloro-1-
propanol, 3-bromo-1.2-propanediol, 1-bromo-2-propanol, 3-bromo-1-propanocl, 3-iodo-1-
propanol, 4-chloro-1-butanol, 2-chloroethanol), 3-amino-4-octanol | dichloromethane,

chioroform, acetic acid, propionic acid, trifluoroacetic acid, tetrahvdrofuran N-
- 5
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methylpyrrolidinone (NMP), cvelohexvipyrrohdinone, N-octylpyrrolidinone, N-
phenvipyvrrohdinone, methvidicthanolamine, methy! formate, dimethyl formamide (DMF),
dimethylsulfoxide (DMSO), tetramethylene sulfone (sulfolane}, diethyl ether, phenoxy-2-
propanol (PPh}, propricphenone, ethyl lactate, ethyl acetate, ethyl benzoate, acetonitrile, acetone,
cthvlene glycol, propvienc glveol (P(5), 1.3-propanediol, dioxane, butyryl lactone, butviene
carbonate, ethvlene carbonate, propylene carbonate, dipropylene glycol, diethvlene glyveol
monomethyl ether, tricthviene glveol monomethyl ether, dicthylene glycol monoethyl cther,
tricthviene glyeol monocthyl ether, ethylenc glyeol monopropyi cther, cthylene glveol
monobutyl ether, diethylene glveol monobutyl ether (1.¢., butyl carbitol}, triethviene glyveol
monobuty] ether, ethylene glyeol monohexyl! ether, dicthylene glveol monchexyt ether, ethylene
glveol phenyl ether, propyviene glvcol methyl ether, dipropylene glycol methy! ether (BPGME),
tripropviene giveol methyl cther (TPGME), dipropylene glveol dimethyl ether, dipropviene
glveol ethvl ether, propyiene glveol n-propyl ether, dipropylene glyeol n-propyl ether (DPGPE),
tripropylene glveol n-propyl ether, propylene glycol n-butyl ether, dipropylene glyeol n-butyl
cther, tripropylenc glveol n-butyl ether, propviene glycol phenyl cther, ethylene glveol
monophenyl ether, dicthylene glyveol monophenyl ether
hexasthylene glycol monophenviether, dipropyvlene glyveol methyl cther acetate, tetrasthylene
glveol dimethvl ether (TEGDE), dibasic ester, glycerine carbonate, N-formyl morpholine,
tricthyl phosphate, and combinations thercof. Polymers, when present, include, but arc not
limited to, methacrylic acid homopolvmer and copolymers with, for example,
acryvlamidomethylpropanc sulfonic acid and maleic acid; maleic acid/vinyl ether copolvmer;
poly(vinylpyreolidone)/vinyl acetate; homopolymers such as phosphonated polyethyleneglyeol
oligomers, poly{acrylic acid) (PAA}, poly{acrylamide), polv{vinyl acetate), polvicthyiene glveol}
(PEG), polypropylene glveol) (PPG), poly(styrene sulfonic acid), poly{vinyl sulfonic acid),
poly{vinyl phosphonic acid}, poly{vinyl phosphoric acid}, poly{cthylensiming),
poly{propvicncimine}, polvallviamine, polvethvicne oxide (PEQ), polyvinyl pyrrolidone (PVF),
PPG-PEG-PPG block copolvmers, PEG-PPG-PEG block copolvmers, polv({vinyl alcohot),
poly(hydroxyethyDacrylate, polv(hydroxyethyvlimethacryviate, hydroxyethyl celivlose,
methylhvdroxvethv] celhilose, hydroxypropyl cellulose, methvihydroxypropyl cellulose, xanthan
gum, potassium alginate, pectin, carboxymethvicellulose, glucosamine,
polv{dialividimethyvlammonium} chlonde, PEGyviated (0. ¢., polvethyleneglycol-ated)
methacrylate/acrylate copolymers, poly MADGuat and copolymers thereof,
dimethylaminomethacrviate polymers and compolymers thereof, trimethvlammonium
methyimethacrylate polymers (i.¢ water-miscible solvents) and copolymers thereof, and

- 8-
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combinations thereof. The copolymers above may be randont or block copolymers. When
present, the amount of polymer(s) in the composition 18 in a range from about 0.0001 weight %
to about 5 weight %, based on the total weight of the composition. In another embodiment the
amount of polymer{s} in the composition i3 1n the range from about £.0001 weight % to about 20
weight %, based on the total weight of the compaosition.

In certain embodiments, the pH of the composition 1s greater than §, greater than 9,
greater than 10 or greater than 11, less than 14, less than 13, less than 12, orlessthan 11 In
certain embodiments, the pH is about 8 to 11.5; after dilution, the pH in certain embodiments is
greater than 7, greater than 8, greater than 9 or greater than 10, less than 13, less than 12, or less
than 11. In certain embodiments, the pH of the diluted composition is about 8 to 12,

§

For case of reference, "microelectronic device” corresponds to semiconductor substrates,
flat panel displays, phase change memory devices, solar panels and other products including
solar substrates, photovoltaics, and microelectromechanical svstems (MEMS), manufactured for
use in microglectronic, integrated circuit, or computer chip applications. Solar substrates include,
but are not untted to, silicon, amorphous silicon, polvervstalline silicon, monocrystalline silicon,
CdTe, copper mdium selenide, copper mmdium sulfide, and gallivm arsemde on gallium. The
solar substrates mayv be doped or undoped. 1t 18 to be understood that the term "microclectronic
device" is not meant to be linuting in any way and inclodes any substrate that will eventaally
become a microclectronic device or microclectronic assembly,

As used herein, "ceria particles” corresponds to cerium-based abrasive particles that may
be used in chemical mechanical polishing slurries, inchuding, for example, a cerium oxide having
the formula Ce203 and CeOn. It should be appreciated that the "ceria particles” may comprise,
consist of, or consist essentially of certum oxide.

Ag used herein, "contamimants” correspond to chemicals present in the CMP glarry,
reaction by-products of the polishing shirry, post-CMP residue, chemicals present i the wet
ctching composttion, reaction by products of the wet etching composition, and any other
matenals that are the by-products of the CMP process, the wet etching, the plasma etching or the
plasma ashing process.

As used herein, "post-CUMP residue” corresponds to particles from the polishing slurry,
e.g., chemicals present in the slurry, reaction byv-products of the polishing slurry, carbon-rich
particles, polishing pad particles, brush deloading particles, equipment matenals of construction
particles, metal, organic, organometallic, organosilicic, or inorganic i nature. for example,
silicon-containing material, titanium-containing material, nitrogen-containing material, oxygen-
containing material, polymeric residue matenial, copper-containing residue material (including

-7-
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copper oxide residue), tungsten-containing residue material, cobalt-containing residue material,
ctch gas residue such as chlonne and fluorine, and combinations thereof and anv other materials
that are the by-produacts of the CMP process

As used herein, the term "low-k dielectric maternial” corresponds to any material usedasa
diclectric maternial in a lavered microelectronic device, wherein the material has a diclectric
constant less than about 3.5, In certain embodiments, the low-k dielectric matenals mclude low-
polarity materials such as silicon-containing organic polymers, silicon-containing hybrid
organic/inorganic materials, organosilicate glass (0OSG), TEOS, fluoninated silicate glass (FSG),
silicon dioxade, siticon oxycarbide, silicon oxynitride, silicon nitride, carbon-doped oxide (CBO)
or carbon-doped glass, for example, CORAL™ from Novellus Systems, Inc., BLACK
DIAMOND™ from Applied Matenials, Inc{e.g., BD1, BD2, and BD3 designations for PECVD)
SiLK™ diclectric resins from Dow (polymers based on crosslinked polyphenylenes by reaction
of polvfunctional cyclopentadienone and acetvlene-containing matenals; see, for example, US.
Patent No. 3,963,679, imcorporated herein by reference), and NANOGLASS™ of Nanopore,
Inc, (Silica acrogel/xerogel (known as nanoporous silica), and the like. It is to be appreciated
that the low- « dielectric materials may have varving densities and varying porosities.

Asg used herein, the term "gtchant” refers to: hydrofhuoric acid (HF}, fluorosilicic acid
{(Ha51Fsq); fluoroboric acid; ammonium fluorosilicate salt ((NHa4} 25iFs); tetramethylammoniom
hexatluorophosphate; ammonium fluonde; anunonium bifluonde; quatcrnary anunonium
tetrafluoroborates and quaternary phosphonium tetrafluoroborates and combinations thereof,

As used therein, the term "metal corrosion mhibitors” refers to non-ionic surfactants such
as PolyFox PF-159 (OMNOV A Solutions), polvethviene glyeol) ("PEG™), polyv{propylene
glveol) ("PPG"), ethyvlene oxide/propylene oxide block copolymers such as Plaronic F-127
(BASF), a polvsorbate polvoxyethylene (20) sorbitan monooleate (Tween 80}, polvoxvethylene
(20) sorbitan monostearate (Fween 60), polyoxyethylens (20) sorbitan monopalmitate {Twee
403, polyvoxyethylene (20) sorbitan monolaurate (Tween 20)),
polyvoxypropylene/polvoxyethylene block copolymers {e.g., Pluronic 131, Plutonic 31R1,
Pluronic 23R2 and Pluronic 25R4), and combinations thereof, and such compounds in
combination with azoles such as S-aminotetrazole, S-phenyl-benzotriazole, 1H-tetrazole-S-acetic
acid, 1-phenvi-2-tctrazoline-3-thione, benzimidazole, methyltetrazole, Bismuthiol §, cytosing,
guaning, thymine, pyvrazoles, iminodiacetic acid (IDA), propanethiol, benzohydroxamic acids,
citric acid, ascorbic acid, S-aminoe-1,3 4-thiadiazole-2-thiol (ATDT), benzotriazole (BTA), 1,2.4-
triazole {TAZ), tolvltriazole, S-methvl-benzotriazole (mBTA), S-phenvi-benzotriazole, S-nitro-
benzotnazole, benzotriazole carboxylic acid, 3-amino-3-mercapio-~1,2 4-triazole, I-amino-1,2.4-
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triazole, hydroxybenzotrazole, 2-(5-ammo-pentyl)-benzotriazole, 1-amino-~1,2 3-triazole, 1-
amino-3~-methyl-1,2, 3-tnazole, 3-ammo-1,2,4-triazole (3-ATA), 3-mercapto-~1,2,4-trazole, 3-
sopropyi-1,2.4-tnazole, S-phenylthiol-benzotriazole, halo-benzotriazoles (halo=F, Cl, Bror [},
naphthotriazole, Z-mercaptobenzimidazole (MBI}, 2-mercapiobenzothiazole, 4-methyl-2-
phenvlimidazole, 2-mercaptothiazoline, 5-amino-1,2 4-triazole (5-ATA), sodium dedecyl sulfate
(5D8), ATA-SDS, 3-amino-S-mercapto-1,2 4-triazole, pentylenetetrazole, 5-phenyl-1H-
tetrazole, 5-benzvl-1H-tetrazole, Abluomine O, 2-benzvipvridine, succinimide, 2,4-diamino-6-
methyl-1,3 5-triazine, thiazole, triazine, methyvlictrazole, 1,3-dimethyi-2-imidazolidinone, 1,5-
pentamethylenetetrazole, 1-phenyl-5-mercaptotetrazole, diaminomethyltnazine, imidazoline
thiong, 4-methyi-dH-1.2 4-inazele-3-thiol, 4-amino-4H-1,2 4-tnazole, 3-aming-5-methylthio-
1H-1.2 4-tnazole, benzothiazole, imidazole, ndiazole, adenine, succinimide, adenosine,
carbazole, saccharin, uric acid, benzoinoxime, cationic quaternary salts {¢.g., benzalkonium
chlonide, benzyldimethvidodecylammonium chionde, myristvltnime thylammonium bronude,
dodecyltrimethylammonium bromide, hexadecvlpyridimuom chlonde, Aliquot 336 (Cognis),
henzyldimethyiphenviammonium chioride, Crodaguat TES (Croda. Inc.), Rewoquat CPEM
(Witco), hexadecylinimethyviammonium p-tolucnesulfonate, hexadecyvltrimethylammoninm
hydroxide, 1-methyl--tetradecyl-4,4"-bipyrdium dichloride, alkylinmethylammonium bromide,
amprolium hydrochionde, benzethonium hydroxide, benzethonium chioride,
benzyidimethythexadecylammonium chloride, benzyidimethvitetradecviaromonium chlonde,
benzyidodecyldimethylammonium bromide, benzyldodecvidimethylammonium chloride,
cetylpyridineum chloride, choline p-tolucnesulfonate salt, dimethyldioctadecylammonium
bromide, dodecylethvidime thylammonium bromide, dodecyitrimethyvlammonium chloride,
cthythexadecylidimethylammonium bromide, Girard's reagent, hexadecvi(2-
hydroxyethylidimethyvlanmonium dihydrogen phosphate, dexadecylpyridinium bromide,
hexadecylrimethyiammonium bromide, hexadecyltrimethyiammonium chiornide,
methylbenzethoninm chloride, Hyamine® 1622, Luviguat™, N N N'-polvoxyethylene (10}-N-
tallow- 1, 3-diaminopropane liquid, oxyphenonium bromide, tetraheptvlammonium bromide,
tetrakis{decyvBammomum bromide, thonzonium bromide, tridodecyviammonium chloride,
trimethyloctadecylammoniom bromide, 1-methyl-3-n-octylimidazolium tetrafiuoroborate, 1-
decyl-3-methvlimidazolium tetrafluorcborate. 1-decyi-3-methylimidazolium chlonde,
tndodecylmethylammonium bromide, dimethyldistearviammonium chlonde,
cetyitnmethvlammoniwm bromide, mynstylirimethylammoniam bromide, and hexamethoniom
chionide), antonic surtactants {¢.g., dodecvibenzenesulfonic acid, soduum

dodecvibenzenesulfonate, dodecylphosphonic acid (BDPA), and combmations thereof).
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As used herem, the term "low-k passivating agents” refers to compounds which reduce
the chemical attack of the low-k lavers and to protect the wafer from additional oxidation. Boric
acid 13 one example of a low-k passivating agent, although other hvdroxy! additives are known
for such purpose, e.g., 3-hydroxy-Z-naphthoic acid, malonic acid, iminodiacetic acid, ammonium
pentaborate, urca, methyhtncthoxysilane and mixtures thereof,

"Substantially devoid” 1s defined herein m certain embodiments as less than 2 wt. %, less
than T wt. %, less than 0.5 wi. %, or less than 0.1 wt. %. "Devoid" is mtended in certain
embodiments to correspond to less than 0.001 wt % to account for covironmental contamination,
and n another embodiment, 0.0 wt. %.

In some embodiments, the compositions are substantially devoid of (a) corrosion
inhibitors; (b} etchants; and (¢} passivation agents. In other embodiments, the compositions are
devoid of (a) corrosion inhibitors; (b} cichants; and {(¢) passivation agents

As used herein, "about” 1s intended to correspond to +/~ 8.5% of the stated value.

As used herein, the term "buffer” refers to common buffers such as phosphate salts (e g,
diammmonium hydrogen phosphate, anunonium dihydrogen phosphbate, ammonium phosphate)
and carbonates such as potassium hydrogen carbonate and potassium carbonate.  When present,
the composition comprises about 0.1 wt % to about 20 wt % buffering species, based on the total

cight of the composition.

As used herein, "suitability” for reroving ceria particles and CMP contaminants from a
microelectronic device having said particles and contaminants thercon corresponds to at least
partial removal of said particles/contaminants from the microelectronic device. Cleaning
cfficacy is rated by the reduction of objects on the microclectronic device. For example, pre- and
post-cleaning analysis may be carmied out using an atomic force microscope. The particles on the
sample may be registered as a range of pixels. A histogram {e.g., a Sigma Scan Pro} may be
applied to fikier the pixels in a certain intensity {e.g., 231-233) and the number of paiticies

counted. The particle reduction may be calculated using:

Cleaning Efficacy =
{(Number of PreClean Obiects - Number of PostClean Objects) X 100
Number of PreClean Objects

Notably, the method of determination of cleaning efficacy is provided for example only and is
not intended to be hmited to same. Alternativelv, the cleaning efficacy may be considered as a
- 10-
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percentage of the total surface that 1s covered by particulate matter. For example, AFM's may be
programmed to perform a z-plane scan to identify topographic areas of interest above a certam
height threshold and then calculate the arca of the total surface covered by said areas of interest.
One skilled in the art would readily understand that the less area covered by said areas of interest
post-cleaning, the more efticacious the removal composition. In certain embodiments, at least
75% of the particles/contaminants are removed from the microelectronic device using the
compositions described herein, at least 90%, at least 95%, or at least 99% of the
particies/contaninants are removed.

Compositions described herein may be embodied in a wide vaniety of specific
formulations, as heremafter more fully described.

In all such compositions, wherein specific components of the composition are discussed
in reference 1o weight percentage ranges including a zero lower It it will be understood that
such components may be present or absent in various specific embodiments of the composition,
and that in mstances where such components are present, they may be present at concentrations
as low as 0.00001 weight percent, based on the total weight of the composition in which such
components are employed.

In order to adjust the pH to the desired endpoint, guaternary ammonium compounds
and/or quaternary phosphonivm compounds may be utidized. As used herein, the torm
"quatcmary ammonium compound” refers to s ordinary meaning and includes
tetraalkylammonium hydroxide, compounds having the formula NR*R*R*R7OH, wherein RY, R7,
R® and R” may be the same as or different from one another and are chosen from hydrogen,
straight-chain or branched Ci1-Co alkyl {e.g.. methyl, ethyl propyl, butyl, pentyl, and hexyl)
groups, C1-Ce hvdroxyalkyl {e.g., hyvdroxymethyvl, hydroxvethyl, hvdroxypropyl, hydroxvbutyl,
hydroxypentyl, and hydroxvhexyl) groups, methyltriethyvlammonium hydroxide,
diethvidimethylammonium hvdroxide, ethyltnmethylammoniom hvdroxide, choline hydroxide,
methyltristhydroxyethyhammonium bydroxide, potassiom hvdroxide, eesium hydroxide, and
substituted or unsubstituted Ce-Cro aryl groups {e.g., benzyl groups). Tetraalkviammonium
hydroxides that are commercially available include tetramethylammontum hydroxade {TMAH),
tetracthylammonium hydroxide (TEAH), tetrapropylammonium hydroxide (TPAH),
tetrabutvlanunonium hydroxide (TBAH), trnbutylmethylammoniuom hydroxide (TBMAH),
benzylinmethyiammonium hydroxide (BTMAH), choline hydroxde, ethylirnmethylammonium
hydroxide, tris(2-hydroxyethylymethyl ammonium bydroxide, dicthvidimethylammoniom

bydroxide, and combinations thereof, may be used.
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Alternativelv or in addition, the pH may be adjusted using a quaternary phosphonivm
compound having the formula (PRPRRIRIDHOH, wherein R®, R”, R'C, and R may be the same
as or different from one another and are selected from the group consisting of hvdrogen, straight-
chain Ci-Cs alkyvl (e. g, methyl ethyl, propyl, butyl, pentyl, and hexyl) groups, branched Ci-Ce
alkvl groups, C1-Cs hydroxyalkyl {e.g., bydroxyvmethyl, hyvdroxyethyl, bvdroxypropyl,
hydroxybutyl, hydroxypentyl, and hydroxvhexyl} groups, substituted Ce-Cro aryl groups,
unsubstituted Co-Cio arvl groups {e.g , benzyl groups), and any combination thereof]
Tetraalkyviphosphonium hydroxides that are commercially available mclude
tetramethyviphosphonium hydroxade (TMPH]}, tetracthyiphosphonmum hydroxade (TEPH),
tetrapropylphosphonium hvdrosade (TPPH), tetrabutviphosphontum hydroxade {TBPAH),
tributyimethyiphosphonium hydroxide (TBMPAH). benzyhirimethylphosphonium hydroxide
(BTMPH), cthvitnmethyvipbosphonium hvdroxide, tris(2-hvdroxvethyDmethy] phosphonium
hydroxide, diethyldimethylphosphonium hvdroxide, and combinations thereof, may be used.
Acids include, but are not limited to, mitnc acid, sulfuric acid, phosphoric acid, hydrochloric
acid, hydrobromic acid, methanesuifonic acid, benzenesubfonic acid, p-toluenesulfonic acid,
influoromethanesutfonic acid, acetic acid, lactic acid, glyeolic acid, and any combination
thereof. In one embodiment, the pH adjusting agent comprises KOH. In ancther embodiment,
the pH adjusting ageot compnses choline hydroxide. In vet another embodiment, the pH
adjusting agent comprises ammonium hydroxide. Alternately, in addition to a gquaternary
ammomum compound and/or a quaternary phosphonium compound, a the pH adjusting agent
may further comprises at least one alkahi metal hydroxide . In another embodiment, the pH
adjusting agent comprises KOH and at least one additional hydroxide enumerated herein. In still
another embodiment, the pH adjusting agent comprises KOH and at least one of choline
hydroxide and ammontum hydroxide. To any of these enumerated embodiments, the pH
adjusting agent can further include at least one acid, for example, sulfuric acid, citric acid, ora
combination of citric acid and sulturic acid.

Alternatively or mn addition, the pH may be adjusted using a imorganic hydroxide
compound being an alkali hydroxide that includes KOH, CsOH, and/or ammonium hydroxade.

Additionally, the compositions may contain other additives as desired, such as fluoride
containing compounds and/or surfactants.

As used herem, "thioride contaiming compounds” correspond {o salts or acid compounds
comprising a fluoride 1on (F-} that 1s ionically bonded to another atom {such as HF).

As used herein the term “surfactant” refers to an organic compound that lowers the

surface tension (or mterfacial tension) between two liguids or between a hiquid and a solid,
- 190.
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typically an organic amphiphilic compound that contains a bvdrophobic group (e.g., a
hydrocarbon (e.g., alkyl) “tail™} and a hydrophilic group. When present, surfactants for use
the compositions described herein include, but are not imited to, amphoteric salts, cationic
surfactants, anionic surfactants, zwitterionic surfactants, non-ionic surfactants, and combinations
thereof inchuding, but not himited to, decyiphosphonic acid, dodecviphosphonic acid (DDPA),
tetradecylphosphonic acid, hexadecylphosphonic acid, bis(2-ethylhexyliphosphate,
octadecyiphosphonic acid, perfluorcheptanocic acid, preflucrodecanoic acid,
triftuoromethanesulfonic acid, phosphonoacetic acid, dodecvibenzenesulfonic acid (DDBSA),
other R: benzene sulfonic acids or salis thereof (where the Ry 15 a straight-chained or branched
Cs-Cis alkyl group), dodecenvisuccinic acid, dioctadecvl hydrogen phosphate, octadecyl
dihydrogen phosphate, dodecyvlamine, dodecenvisuceinic acid monodiethanol amide. lauric acid,
palmitic acid, oleic acid, junipenc acid, 12 hyvdroxysteanic acid, octadecviphosphonic acid
(ODPA), dodecyl phosphate. Non-tonic surfactants conternplated mclude, but are not limited o,
polyoxyethyvlene laury! ether, dodecenvisuccinic acid monodiethanol amide, ethylenediamime
tetrakis {(cthoxyiate-block-propoxylate) tetrol, polyethylene glveols, polypropylene glyveols,
polvethvienc or polypropylene glveol ethers, block copolymers based on ethylene oxide and
propylene oxide, polyvoxypropylene sucrose ether, t-octylphenoxypolvethoxyethanol | 10-cthoxy-
9.9-dimethyidecan-1-aming, Polyoxyethylene {9} nonylphenviether, branched, Polyoxyethylene
{40} nonylphenylether, branched, dinonyviphenyl polyvoxvethylene, nonviphenol alkoxylates,
polyoxyethviene sorbitol hexaoleate, polvoxyethylene sorbitol tetraoleate, polvethvlene ghycol
sorbitan monooleate, sorbitan monooleate, aleohol alkoxylates, alkyl-polyglucoside, ethyl
perfluorchutyrate, 1,1,3.3,5, 5-hexamethyl-1,5-bis] 2-(5-norbomen-2-yiethyifnsiloxane,
monomeric octadecyisilane denvatives, siloxane modified polysilazanes, silicone-polvether
copolymers, and ethoxylated fluorosurfactants. Cationic surfactants contemplated tnclade, bat
are not hmited to, cetyl trimethylammonium bromide (CTAB), heptadecanetluorooctane sulfonic
acid, tetracthylammonium, stearyl trimethvlammonium chlonde, 4-{4-dicthylaminophenyiazo)-
I-(4-nitrobenzylpyndivm bromide, cetylpyridimum chloride monohvdrate, benzalkonium
chloride, benzethomum chlonde benzyldimethyldodecylammonium chloride,
benzyidimethyibexadecyviammoniom chloride, hexadecylirimethylammonium bromide,
dimethyldioctadecylammoniom chioride, dodecvltrimethylammonium chloride,
hexadecyltrimethylammonium p-toluenesulfonate, didodecyvidimethylammonium bromide,
dithydrogenated tallow)dimethylammonium chlornide, tetraheptyviammonium bromide,
tetrakis{decylDammonium bromide, and oxyphenonium bromide, guanidine hydrochloride

{C(ONH2) 5C) or triflate salts such as tetrabutylammonium trifluoromethanesulfonate,
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dimethyldioctadecyiammoniom chloride, dimethyidibexadecyiammonium bromide,
dithvdrogenated tallow}dimethylammoninm chlonde, and polvoxyethyvlene (16) tallow
cthylmonium cthosulfate. Aniomic surfactants contemplated include, but are not himited to,
poly{acrylic acid sodium salt), ammonium polvacrylate, sodivm polvoxyethyvlene lauryl ether,
sodium dihexylsulfosuccinate, sodium dodecyl sulfate, dioctyisulfosuccinate salt, 2-
sulfosucemnate salts, 2 3-dimercapto-1-propanesulfonic acid salt, dicyclohexyl sulfosuccinate
sodiam salt, sodiom 7-ethyl-2-methyl-4-undecy] sulfate, phosphate flucrosurfactants,
fluorosurfactants, and polvacrylates. Zwitterionic surfactants include, but are not himited to,
acetvienic diols or modified acetyvlenic diols, ethylene oxide alkylamines, N, N-
dimethyldodecylamine N-oxide, sodium cocanunpropinate, 3-(N,N-
dimethylmyristylammonio}propanesulfonate, and (3-{(4-heptylyphenyl-3-
hydroxypropyldimethviammoniopropancsulfonate.

With regard to compositional amounts, the weight percent ratios of other additive(s) to
components (i}, (113, (111}, {1v}), (v} is in onc embodiment, 1n a range from about 0.001:1 to about
10:1, and in other embodiments, about 0.1:1 to about 5:1. The amount of the pH adjusting agent
(i.e., the quaternary ammonium or phosphonium compound) 1s dependent on the tinal pH sought
when preparing the removal composition for use, based on the pH values disclosed herein, and
the knowledge of the person skilled in the art.

The range of weight percent ratios of the components will cover all possible concentrated
or diluted embodiments of the composition. Towards that end, in one embodiment, a
concentrated removal composition is provided that can be diluted for use as a cleaning solution.
A concentrated composition, or "concentrate,” advantageously permits a user {e.g. a CMP
process engimeer) to dilute the concentrate to the desived strength and pH at the pomnt of use.
Dilution of the concentrated aqueous composition may be in a range from about 1:1 to about
2500:1.about 51 to about 2001, or about 2011 to about 120:1, wherein the agueous composition
ts diluted at or just before the tool with solvent, e.g . deionized water. It is to be appreciated by
one skilled 1n the art that following dilution, the range of weight percent ratios of the components
disclosed herein should remain unchanged.

In terms of substrates, the compositions of the nvention are belioved to be usefulin
cleaning low k diclectric materials as set forth herein.

Hlustrative compositions, believed to be useful in removal of Cernia from low-k dielectric
materials, provided by the present invention mclhude the

following:
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Table 1
Example | pH Complexa | Cleaning Additive Oxidizer Amine DIW
Adjustor | nt
I 4% 1% 2% Tetrethylene glycol 196 H202 Remainder
TMAH Ciiric_acid | mono butyl ether
2 4% 1% % PVP 1% H202 Remainder
TMAH Citnic_acid
3 4% 1% 6.05% hydroxvethyl 1% Hz202 Remainder
TMAH Citric acid | Cellulose
4 4% % 2% Tetrethylene glycol 1% Periodic Remainder
TMAH Citric acid | mono butyl ether Acid
3 4% 1% 1% PVP 1% Pertodic Remainder
TMAH Citric_acid Acid
6 4% 1% 0.05% hydroxvethyl 196 Periodic Remainder
TMAH Citric_acid | Cellulose Acid
7 12% % 2% Tetrethylene glycol 196 H202 Remainder
TEAH Citric acid | mono butyl ether
g 12% 1% 1% PVP 1% H202 Remainder
TEAH Citric_acid
9 12% % 0.05% hyvdroxvethyl 195 H202 Remainder
TEAH Curic acid | Cellulose
10 12% 1% 1% 1-Butoxy-2-propanol 1% H202 Remaimder
TEAH Citric_acid
I 2% 1% 2% Tetrethylene glycol 196 H202 5% Remainder
TEAH Citric acid | mono butyl ether Bthanolami
ne
12 12% 1% 1% PVP 19 H202 5% Remainder
TEAH Citric acid Ethanolami
ne
13 2% 1% 6.05% hydroxvethyl 1% Hz202 5% Remainder
TEAH Citric acid | Cellolose Ethanolami
ne
14 12% 1% 1%P5SA 19 H202 Remainder
TEAH Citric_acid
15 12% % 1%PAA 196 H202 Remainder
TEAH Citric acid
16 12% 1% 1%Butvl Carbitol 1% H202 Remaimder
TEAH Citric_acid
17 20% 6% 10% Tetrethylene glycol 10% H202 Remainder
TEAH Citric_acid | mono butyl ether
18 20% % 5% PVP 109 H202 Remainder
TEAH Citric_acid
19 20% 5% 2% hydroxyethyl 10% H202 Remainder
TEAH Citric_acid | Cellulose
20 12% 1% 2% Tetrethylene glycol 1% Periodic Remainder
TEAH Curic acid | mono butyl ether Acad
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Example | pH Complexa | Cleaning Additive Oxidizer Amine Biw
Adjustor | nt
21 12% % 1% PVP 1% Periodic Remainder
TEAH Citric_acid Acid
22 12% 1% 0.05% hydroxyethy! 1% Periodic Remainder
TEAH Citric_acid | Cellulose Acid
23 12% 1% 2% Tetrethylene glveol 1% Periodic | 5% Remainder
TEAH Curic acid | mono butyl ether Acd Ethanolami
ne
24 12% 1% 1% PVP 1% Periodic | 5% Remainder
TEAH Criric acid Acd Ethanolami
ne
25 12% 1% 0.05% hvdroxvethyl 1% Periodic | 5% Remainder
TEAH Citric acid | Cellulose Acid Ethanolami
ne
26 10% 1% 2% Tetrethyvlene glycol 19 H202 Remainder
Cholme | Citric acid | mono butyi ether
Hydroxad
e
27 10% 1% 1% PVP 1% H202 Remaimder
Choline | Citric acid
Hydroxid
[+
28 10% 1% 0.05% hvdroxvethyl 196 H202 Remainder
Choline | Cine acid | Cellulose
Hydroxid
e
1% 2% Tetrethylene glycol 1% Periodic
10% Citric acid | mono butyl cther Acid Remainder
29 {holine
Hydroxad
e
36 10% 1% 1% PVP 1% Periodic Remainder
Cholire | Citnic acid Acid
Hydroxud
e
31 10% % $.05% hydroxyethyl 1% Periodic Remainder
Choline | Citric acid | Celhilose Acid
Hydroxd
S
32 11% 1% 2% Tetrethyvlene glycol %% H2(2 Remainder
TBAH Citric_acid | mono butyl ether
33 1% % 1% PVP 1% H202 Remainder
TBAH Citric acid
34 11% 1% 0.05% hydroxyethy! 1% H202 Remainder
TBAH Citric acid | Cellulose

- 16-




WO 2020/046539 PCT/US2019/044948
Example | pH Complexa | Cleaning Additive Oxidizer Amine Biw
Adjustor | nt
35 12% % % Tetrethylene glycol 1% H202 Remainder
TEAH Tartaric mono butyl ether
acid
36 12% % 1% PVP 1% H202 Remainder
TEAH Tartaric
acid
37 12% % 0.05% hyvdroxvethyl 195 H202 Remainder
TEAH Tartaric Cellulose
acid
38 12% % Oxalic | 2% Tetrethylene glyeol 195 H202 Remainder
TEAH acid mono butyl ether
39 12% 1% Oxalic | 1% PVP 1% H202 Remainder
TEAH acid
40 12% 1% Oxalic | 0.05% hydroxvethyl %% H2(2 Remainder
TEAH acid Cellulose
41 12% % HEDP % Tetrethylene glveol 1% H202 Remainder
TEAH mono butyl ether
42 12% 2% HEDP | 1% PVP 1% H202 Remainder
TEAH
43 12% 2% HEDP | 0.05% hvdroxvethyl 195 H202 Remainder
TEAH Cellulose
In yet another embodiment, the compositions described herein further comprise cena
particles and/or CMP contamunants. The ceria particles and contanunants become a component
5 of the composition after cleaning has begun and will be dissolved and/or suspended n the
compositions.
The removal compositions are casily formulated by simple addition of the respective
ingredients and mixing to homogeneous condition. Furthermore, the compositions may be
readily formulated as single-package formulations or multi-part formulations that are mixed at or
10 before the point ofuse, e.g., the individual parts of the multi-part formulation may be mixed at
the tool or in a storage tank upstream of the tool. The concentrations of the respective ingredients
may be widely varied in specific multiples of the composition, /.e., more dilute or more
concentrated, and 1t will be appreciated that the compositions described herein can variously and
altematively comprise, consist or consist essentially of any combination of ingredients consistent
15 with the disclosure hercin.

Accordmgly, another aspect relates to a kit including, in one or more containers, one or
more components adapted to form the compositions described hergin. The kit may include, 1n

one or more containers, a kit comprising one or more containers having componenis therein
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suitable for removing ceria particles and chemical mechanical polishing (CMP)contaminants
from a microclectronic device having said particles and CMP contaminants thereon, wherem one
or more containers of said kit contains at least one oxidizing agent; at least one complexing
agent; at least one cleaning agent; af least one quaternary ammonium compound; and water for
combining with additional solvent and/or water at the fab or the point of use. The containers of
the kit must be suitable for stoning and shipping the compositions and may be, for example,
NOWPak® containers {Entegris, Inc, Billerica, Mags., USA).

In one embodiment, the one or more containers which contain the components of the
aqueous removal composition include means for bringing the components in said one or more
containers in fluid communication for blending and dispense. For example, referring to the
NOWPak® containers, gas pressure may be applied to the outside of a liner in said ong or more
containers to causc at least a portion of the contents of the liner to be discharged and hence
enable fluid communication for blending and dispense. Alternatively, gas pressure may be
applied to the head space of a conventional pressurizable container or a pump may be used to
¢nable fluid comnunication. In addition, in certain embodiments the system includes a
dispensing port for dispensing the blended removal composttion 1o a process tool.

Ag applied to microelectronic manufacturing operations, the removal compositions
described herein are usefully emploved to clean cena particles and/or CMP contamunants (e.g.,
post-CMP residue and contaminants) from the surface of the microclectronic device. In certain
embodiments, the agqueous removal compositions remove at least 85% of the ceria particles
present on the device prior to particle removal, at feast 90%, at least 95%, or at least 99%.

In post-CMP particle and contaminant removal applications, the agueous removal
composition described herein may be used with a large vanety of conventional cleaning tools
such as megasonics and brush scrubbing, including, but not limited to, Verteq single wafer
megasonic Goldfinger, OuTrak systems DDS (double-sided scrubbers), SEZ or other single
wafer spray rinse, Applicd Matenials Murra-Mesa™/Reflexion™/Reflexion LK™, and
Megasonic batch wet bench systems.

I use of the compositions described hercin for removing ceria particles and CMP
contaminants from microelectronic devices having same thereon, the aqueous removal
composition typically is contacted with the device for a time of from about 5 scconds to about 10
minutes, or about I sec to 20 mun, or about 13 sec to about 5 minutes at temperature in a range of
from about 20° C. to about 90° €, or about 20° €. to about 30° €. Such contacting times and
temperatures arc illustrative, and any other suitable time and temperature conditions may be
employed that are efficacious to at least partially remove the cena particles and CMP
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contanunants from the device, within the broad practice of the method. "At least partially clean”
and "substantial removal” both correspond m certain embodiments {o at removal of at least 85%
of the cena particles present on the device prior to particle removal, at least 90%, at feast 95%, or
at least 99%.

Following the achicvement of the desired particle removal action, the aqueous removal
composition may be readily removed from the device to which it has previously been applied, as
may be desired and efficacions in a given end use application of the compositions described
herein. In onc embodiment, the rinse solution mcludes detonized water. Thereatfier, the device
may be dried using nitrogen or a spin~dry cycle.

Yet another aspect relates to the improved microelectronic devices made according to the
methods described herein and to products containing such microelectronic devices.

Another aspect relates to a recycled aqueous removal composition, wherein the removal
composition may be recvcled until particle and/or contaminant loading reaches the maximum
amount the agueous removal composition mav accommodate, as readily determined by one
skilled m the art.

A still further aspect relates to methods of manufactuning an article comprising a
microelectromic device, said method comprising contacting the microelectronic device with an
aqueous removal composition for sufficient time to remove ceria particles and CMP
contaminants from the muicroclectronic device having said particles and contanunants thercon,
and incorporating said microelectronic device mto said article, using a removal composition
described herein.

In another aspect, a method of removing cena particles and CMP contaminants from a
microelectronic device having same thereon s provided. Accordingly, in another aspect, the
mvention provides a method for removing ceria particles and chemical mechanical polishing
contaminants from a microglectronic device having said particles and contaminants thereon, said
method comprising:

{1} contacting the microelectronic device with the composition of the mvention; and

(i1} at least partially removing said particles and contaminants from said

microelectronic device with an agueous sohution comprising deionized  water.

This mnvention can be further illustrated by the following examples of preferred
embodiments thereof, although 1t will be understood that these examples are included merely tor
purposes of ilustration and are not intended to limit the scope of the invention unless otherwise

specifically indicated.
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Experimental Section

Beaker-dip expeniment Procedure

1. Dip Sobstrate n diluted Cena Sturry for 3 min followed by PIW (deionized water)
Rinse for 30 seconds

2. Dip shurry exposed substrate 1 diluted cleaner for 1 min followed bv DIW Rinse for
30 seconds
Performance evaluation {(metrology):
Performance evaluation metrology: Post clean images of coupons collected hy SEM

»  Total arca of Ceria particles calculated by image analvzing software (Image I}

s
5 £ g
& “ @
(¥ 23
o | N o > > >
= T S22 gl a2 2 lelS 8 » > -
ElEE | E (EEEFE BT 8] 2 2 2
= & v LI o £ % £ %
e
Sample I | 99 0.5-5 127013 | 103460 | 114692
Sample 2 | 952 | 4.8 124656 | 118113 | 125961
Sample 3 | 93.8 | 4.8 T4 3807 1140 | 45357
Sample 4 | 93.8 4.8 1.4 4426 206 44625
Sample 5 | 933 48 T4 03 3656 S04 73379
)
Sample 6 | 93.3 48 14 5 5204 18146 | 39551
937 0
Sample 7 | 5 4.8 14 i 556 1346 | 25292
Samplc 8§ | 91.3 i8 P4 25 | 745 1458 31240
Sample 9 | 92.8 $ | 14 503 8247 56129
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Claims

We Claim:

1. A composition comprising

{1} at least one oxidizing agent;

(11) at least one complexing agent;

(i1} at least one cleaning agent;

{(1v} at least one quatemary ammonium or quaternary phosphonium compound or
morganic hydroxide; and

{v) water.

2. The composition of claim 1, wheremn the oxidizing agent 1s chosen from hydrogen peroxide
> S >
periodic acid, t-butythydroperoxade, peracetic acid, potassium persulfate, ammonium persulfate,

potassium peroxysulfate, potassium permanganate, and urea hydrogen peroxade.

3. The composition of claim 1, wherein the complexing agent is chosen from compounds the
general formula NRIRPR? wherein R!, R? and R may be the same or different from one another
and are chosen from hydrogen, straight-chain or branched C1-Cs alkvl, straight-chain or branched
C1-Ce hvdroxyalkyl, and Ci-Cs alkyl ethers of straight chain or branched Ci-Cs hvdroxvalkyl

groups.

4. The composition of claim 1, wherein the complexing agent 15 chosen from

{1-Cg alkanolamines.

5. The composition of claim 1, wherein the complexing agent 15 chosen from 4-(2-
hydroxyethyvlymorpholine (HEM), 1,2~-cvclohexanediamine-N, N N', N'-tetraacetic acid (CDTA),
ethyvlenediamingtetraacetic acid (EDTA), m-xvlenediamime (MXDA), iminodiacetic acid (IDA),
2-thydroxyethyljiminodiacetic acid (HIDA), sitrilotriacetic acid, thiourea, 1,1,3,3-
tetramethyvlurea, urca, urea derivatives, uric acid, alanine, arginine, asparagine, aspartic acid,
cvsteine, glutamic acid, ghutamine, histidine, 1soleucine, feucing, lvsine, methionine,

phenvlalanine, proline, serine, threonine, tryptophan, tvrosine, valine, and combinations thereof.
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6. The composition of claim |, wherein the complexing agent is chosen from 1-
hydroxyethylidene-1,1-diphosphonic acid (HEDP), 1,5, 9-tnazacyclododecane-N,N' N"-
tris{methyiencphosphonic acid) (BOTRP), 14,7 10-tetraazacyclododecang-N N N" N™-
tetrakis(methylenep- hosphonic acid) (DOTP), nitrilotnis(methylene)triphosphonic acid,
dicthylenetriaminepentakis(methylenephosphonic acid) (DETAP),
aminotri{methyvlenephosphonic acid), bisthexamethylene Mriamine pentamethylene phosphonic

acid, 1.4,7-tnazacyclononane-N N' N"-tris{methylenephosphonic acid (NOTP),

hydroxyethyldiphosphonate, mitrilotris(methylene)phosphonic acid, 2-phosphono-butane-1,2,3 4~

tetracarboxylic, carboxy ethyl phosphonic acid, aminoethyl phosphonic acid, glyphosate,

cthyvlene diamine tetra{methvlenephosphonic acid) phenylphosphonic acid, sakis thereof.

7. The composition of claim 1, wherein the complesing agent is chosen from

mongethanolamine, tricthanclamine, selfuric acid, citric acid and combinations thereof.

8. The composition of any one of claims 1, wherein the amount of complexing agent in the
removal composition 18 in a range from about 0.01 wit % to about 10 wt %, based on the total

weight of the composition.

9. The composition of clamm 1, wherem the water miscible organic solvent is chosen from
methanol, ethanol, isopropanocl, butanol, tetrahvdrofurfuryl alcohol {THFA}, 3-chlore-1,2-
propanediol. 3-chloro-1-propanethiol, 1-chloro-2-propanol. Z-chloro-1-propans, 3-chloro-1-
propanol, 3-bromo-1,2-propancdiol, 1-bromo-2-propanol, 3-bromo-1-propanol, 3-iodo-1-
propanol, 3-amino-4-octanol, 4-chioro-1-butanol, 2-chlorocthanol), dichloromethane,
chloroform, acetic acid, propionic acid, triftacroacetic acid, tetrahydrofuran N-
methylpyrrolidinone (NMP), cyvclohexyipyrrolidinone, N-octvipyrrohidinone, N-
phenyipyrrolidinone, methyldiethanolamine, methyl formate, dimethy! formamide (DMF),

dimethyisulfoxide (DMS0), tetramethylene sulfone (sulfolane), diethyl ether, phenoxy-2-

propanol {PPh}, propriophenone, ethyl lactate, ethyl acetate, ethy! benzoate, acetonitrile, acetone,

cthvlene glveol, propylene glveol (PG), 1,3-propancdiol, dioxane, butyrvl lactone, butylene
carbonate, ethvlene carbonate, propviene carbonate, dipropylene glveol, diethviene glveol

monomethy] ether, and combinations thereof.
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10. The composition of claim 1, further comprnising a polvmer.

11. The composition of claim 1, wherein the quatemary ammoniom compound is chosen from
choline hydroxide, tetramethyl ammonium hydroxide, tetracthy] ammonium hvdroxide, and

tetrabuty] ammonium hydroxide.

12. The compostiion of claim 1, wherein the water miscible organic solvent in the composition
i3 present in a range from about 0.06001 weight % to about 3 percent weight %, based on the total

weight of the composition.

13, A method for removing ceria particles and chermical mechanical polishing contaminants
from a microelectronic device having said particles and contammants thereon, said method
comprising:
{1} contacting the microelectronic device with the composition of claim 1; and
(11} at least partially removing said particles and contanunants from said

microelectronic device with an agueous solution comprising deionized  water.

14. The method of claim 13, wherein the low-k diclectric is chosen from Poly-Si, PETEGS,
silicon carbide, polvmer films, silicon oxycarbide, stlicon oxynitride and silicon mitrnide, silicon-
containing organic polymers, silicon-containing hybrid organic/inorganic materials,
organosilicate glass (O8G), TEOS, fluorinated silicate glass {FSG), silicon dioxide, and carbon-

doped oxade {CDO) glass and carbon doped glass.
15. The method of claim 13, further comprising the step of difuting the composition with a

solvent comprising water and/or water miscible organic solvents at or before a point of use, and

optionally one or more surfactants.
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