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(57) ABSTRACT 

A cleaning composition comprising (1) at least one of 
?uoride salts and hydrogendi?uoride salts; (2) an organic 
solvent having a hetero atom or atoms; and (3) Water; a 
method of cleaning metal gate, contact hole, via hole and 
capacitor using the composition; a method of cleaning a 
residual polymer derived from a resist using the composi 
tion; and a method of cleaning after CMP using the com 
position. 
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DETERGENT COMPOSITION 

TECHNICAL FIELD 

[0001] The present invention relates to a cleaning compo 
sition for use in the process of producing a semiconductor. 
Speci?cally the invention relates to a composition Which can 
be used in cleaning a metal gate, a contact hole, a via hole, 
a capacitor or the like, in removing a polymer derived from 
a resist and in cleaning after CMP. More speci?cally, the 
invention relates to a cleaning composition Which can be 
suitably used in producing a semiconductor device or a 
liquid crystal panel device such as IC, LSI or the like. 

BACKGROUND ART 

[0002] Conventionally poly-Si has been used as a material 
for a gate electrode in a semiconductor device. With micro 
miniaturiZation, there is a possibility of using tungsten, 
copper, aluminum or like metals as a material for a gate 

electrode. NoW SPM (H2SO4—H2O2—H2O), APM 
(NH4OH—H2O2—H2O), HPM(HCl—H2O2—H2O), 
DHF(HF—H2O), etc. are used as a cleaning composition for 
cleaning a gate, a contact hole, a capacitor or the like. 
HoWever, these compositions easily corrode metals so that 
there is a demand for a cleaning composition Which is 
unlikely to corrode metals and Which can remove a polymer 
derived from a resist, a native oXide and the like. 

[0003] When a semiconductor device or a liquid crystal 
panel device such as IC or LSI is produced, the folloWing 
steps are carried out. A photo-resist is uniformly applied to 
a ?lm of electroconductive metal such as aluminum, copper, 
aluminum-copper alloy or the like or to an insulating ?lm 
such as SiO2 ?lm, each formed on a substrate. Then a resist 
pattern is formed by lithography technique, and the electro 
conductive metal ?lm or the insulating ?lm is selectively 
etched. After etching, a residual resist is removed by ashing, 
by polymer removing composition and the like. 

[0004] KnoWn polymer-removing compositions include, 
for eXample, those comprising an aqueous solution of a 
?uoride salt, a Water-soluble organic solvent such as DMF, 
DMSO or the like and optionally hydro?uoric acid as 
disclosed in Japanese Unexamined Patent Publications No. 
197681/1997 and No. 47401/2000. HoWever, it is difficult 
for a polymer-removing composition to satisfy tWo require 
ments, i.e. a loW property of corroding a metal and a high 
ability of removing a polymer. Thus, conventional polymer 
removing compositions remain to be improved in the bal 
ance of the tWo requirements. 

[0005] With increased complexity of element structure of 
IC and progress of multi-level interconnection, single dama 
scene or dual damascene process is carried out in formation 
of interconnection. The damascene process includes polish 
ing (CMP: Chemical Mechanical Polishing) a surface of the 
article using an abrasive so that numerous particles derived 
from the abrasive adhere to the surface of the article after 
damascene process, and particles may become lodged in the 
surface of the ?lm during polishing. After conventional 
CMP of oXide ?lm, the article is cleaned With a brush using 
a cleaning composition such as DHF(HF—H2O), APM 
(NH4OH—H2O2—H2O) or the like. HoWever, metals such 
as Al, Al—Cu, Cu or TiN eXist on the surface of the article 
in damascene process. Thus the above-mentioned cleaning 
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composition is dif?cult to use because the composition is 
likely to corrode the metal surface. 

DISCLOSURE OF THE INVENTION 

[0006] An object of the present invention is to provide a 
cleaning composition Which shoWs a loW property of cor 
roding metals and an ability of removing a polymer, a native 
oXide and the like and Which is usable for cleaning a metal 
gate, a contact hole, a via hole, a capacitor or the like. 

[0007] Another object of the invention is to provide a 
polymer-removing composition Which can be suitably used 
in producing a semiconductor device or a liquid crystal 
panel device such as IC or LSI and Which shoWs a loW 
property of corroding a metal and a high capacity of remov 
ing a polymer. 

[0008] A further object of the invention is to provide a 
cleaning composition Which can remove slurry particles 
from the surface of an article after CMP in single damascene 
and dual damascene process and Which shoWs a loW prop 
erty of corroding metals or substrates of Al, Al—Cu, Cu, 
TiN and the like Which are likely to corrode. 

[0009] The present invention includes the subject matters 
de?ned in the folloWing items. 

[0010] Item 1. A cleaning composition comprising (1) at 
least one of ?uoride salts and hydrogendi?uoride salts; (2) 
an organic solvent having a hetero atom or atoms; and (3) 
Water. 

[0011] Item 2. The cleaning composition according to item 
1, Wherein at least one of ?uoride salts and hydrogendi?uo 
ride salts is formed from hydro?uoric acid and at least one 
member selected from the group consisting of ammonia, 
hydroXylamines, aliphatic amines, aromatic amines and ali 
phatic or aromatic quaternary ammonium salts. 

[0012] Item 3. The cleaning composition according to 
item 1, Wherein (2) the organic solvent having a hetero atom 
or atoms is at least one member selected from the group 
consisting of N,N-dimethylformamide, N,N-dimethylaceta 
mide, dimethylsulfoXide, N-methyl-2-pyrrolidone, 1,3-dim 
ethyl-2-imidaZolidinone; methanol, ethanol, isopropyl alco 
hol (IPA), 1-propanol, 1-butanol, 2-butanol, t-butanol, 
2-methyl-1-propanol, 1-pentanol, l-hexanol, 1-heptanol, 
4-heptanol, l-octanol, l-nonylalcohol, 1-decanol, 1-dode 
canol and like alcohols; ethylene glycol, 1,2-propanediol, 
propylene glycol, 2,3-butanediol, glycerin and like polyols; 
acetone, acetylacetone, methyl ethyl ketone and like 
ketones; acetonitrile, propionitrile, butyronitrile, isobuty 
ronitrile, benZonitrile and like nitriles; formaldehyde, acetal 
dehyde, propionaldehyde and like aldehydes; ethylene gly 
col monomethyl ether, ethylene glycol monoethyl ether, 
diethylene glycol monobutyl ether and like alkylene glycol 
monoalkyl ethers; tetrahydrofuran, dioXane and like cyclic 
ethers; tri?uoroethanol, penta?uoropropanol, 2,2,3,3-tet 
ra?uoropropanol and like ?uoroalcohols; sulfolane and 
nitromethane. 

[0013] Item 4. The cleaning composition according to 
item 3, Wherein (2) the organic solvent having a hetero atom 
or atoms is at least one oxygen-containing organic solvent 
selected from the group consisting of alcohols and ketones. 

[0014] Item 5. The cleaning composition according to 
item 4, Wherein (2) the oxygen-containing organic solvent is 
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at least one member selected from the group consisting of 
isopropyl alcohol, ethanol and methanol, and the concen 
tration of Water is 10% by mass or loWer. 

[0015] Item 6. The cleaning composition according to 
item 4, Wherein (2) the oxygen-containing organic solvent is 
acetone and the concentration of Water is 20 to 40% by mass. 

[0016] Item 7. The cleaning composition according to 
item 1, Which comprises (1) a ?uoride salt represented by 
NR4F (Wherein Rs are the same or different and each is a 
straight-chain or branched-chain alkyl group of 1 to 12 
carbon atoms Which may be substituted With a ?uorine atom 
or atoms, a phenyl group Which may be substituted With a 
?uorine atom or atoms, or a hydrogen atom) in a concen 
tration of 1% by mass or loWer and/or a hydrogendi?uoride 
salt represented by NR4HF2 (Wherein Rs are as de?ned 
above) in a concentration of 0.001 to 1% by mass; (3) Water 
in a concentration of 10% by mass or loWer; and (2) at least 
one member selected from the group consisting of isopropyl 
alcohol, ethanol and methanol as the remainder. 

[0017] Item 8. The cleaning composition according to 
item 1, Wherein a ?uoride salt represented by NR4F (Wherein 
Rs are the same or different and each is a straight-chain or 
branched-chain alkyl group of 1 to 12 carbon atoms Which 
may be substituted With a ?uorine atom or atoms, a phenyl 
group Which may be substituted With a ?uorine atom or 
atoms, or a hydrogen atom) in a concentration of 1% by 
mass or loWer and/or a hydrogendi?uoride salt represented 
by NR4HF2 (Wherein R is as de?ned above) in a concentra 
tion of 0.001 to 1% by mass; (3) Water in a concentration of 
20 to 40% by mass; and (2) acetone as the remainder. 

[0018] Item 9. The cleaning composition according to 
item 1, Which further comprises (4) at least one member 
selected from the group consisting of an anionic surfactant, 
a cationic surfacatant, a nonionic surfactant and an ampho 
teric surfactant. 

[0019] Item 10. The cleaning composition according to 
item 9, Wherein (4) the surfactant is an anionic surfactant. 

[0020] Item 11. The cleaning composition according to 
item 10, Wherein (4) the anionic surfactant has a sulfonic 
acid group. 

[0021] Item 12. The cleaning composition according to 
item 11, Wherein (4) the anionic surfactant is at least one 
member selected from the group consisting of a compound 
represented by CnHmC6H3(SO3H)Oph(SO3H) (Wherein ph 
is a phenylene group, n is an integer of 1 to 30 and m is an 
integer of 3 to 61) and a metal salt, an ammonium salt, a 
primary amine salt, a secondary amine salt and a tertiary 
amine salt of the compound. 

[0022] Item 13. The cleaning composition according to 
item 11, Wherein (4) the anionic surfactant is at least one 
member selected from the group consisting of a compound 
represented by CnHmph(SO3H) (Wherein ph is a phenylene 
group, n is an integer of 1 to 30 and m is an integer of 3 to 
61) and a metal salt, an ammonium salt, a primary amine 
salt, a secondary amine salt and a tertiary amine salt of the 
compound. 

[0023] Item 14. The cleaning composition according to 
item 10, Wherein the content of (4) the anionic surfactant is 
0.001 to 10% by mass. 
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[0024] Item 15. The cleaning composition according to 
item 10, Which comprises (1) a ?uoride salt represented by 
NR4F (Wherein Rs are the same or different and each is a 
straight-chain or branched-chain alkyl group of 1 to 12 
carbon atoms Which may be substituted With a ?uorine atom 
or atoms, a phenyl group Which may be substituted With a 
?uorine atom or atoms, or a hydrogen atom) in a concen 
tration of 1% by mass or loWer and/or a hydrogendi?uoride 
salt represented by NR4HF2 (Wherein Rs are as de?ned 
above) in a concentration of 0.001 to 1% by mass; (3) Water 
in a concentration of 60% by mass or loWer; (4) an anionic 
surfactant in a concentration of 0.001 to 10% by mass and 
(2) at least one member selected from the group consisting 
of isopropyl alcohol, ethanol and methanol as the remainder. 

[0025] Item 16. The cleaning composition according to 
item 1, Which is characteriZed by use for cleaning at least 
one of a metal gate, a contact hole, a via hole and a capacitor. 

[0026] Item 17. The cleaning composition according to 
item 1, Which is characteriZed by use for removing a residual 
polymer derived from a resist. 

[0027] Item 18. The cleaning composition according to 
item 1, Which is characteriZed by use for cleaning after CMP. 

[0028] Item 19. A method of cleaning a semiconductor 
substrate having at least one of a metal gate, a contact hole, 
a via hole and a capacitor formed thereon using a compo 
sition comprising (1) at least one of ?uoride salts and 
hydrogendi?uoride salts; (2) an organic solvent having a 
hetero atom or atoms; and (3) Water. 

[0029] Item 20. A method of removing a polymer derived 
from a resist remaining on an article after etching or after ion 
implantation using a composition comprising (1) at least one 
of ?uoride salts and hydrogendi?uoride salts; (2) an organic 
solvent having a hetero atom or atoms; and (3) Water. 

[0030] Item 21. A method of producing a semiconductor 
device, comprising the steps of: forming a resist pattern on 
a Work layer consisting of an electroconductive layer on an 
insulating layer over a semiconductor substrate composed of 
silicon; forming the Work layer into a speci?ed pattern by 
dry-etching using the resist as a mask; and cleaning the 
semiconductor substrate using a composition comprising (1) 
at least one of ?uoride salts and hydrogendi?uoride salts; (2) 
an organic solvent having a hetero atom or atoms; and (3) 
Water. 

[0031] Item 22. A method of producing a semiconductor 
device, comprising the steps of: forming a speci?ed pattern 
of an electroconductive layer over a semiconductor substrate 
composed of silicon; forming an insulating layer on the 
electroconductive layer; forming a resist pattern on a Work 
layer consisting of an insulating layer; forming the Work 
layer into a speci?ed pattern by dry-etching using the resist 
as a mask; and cleaning the semiconductor substrate using a 
composition comprising (1) at least one of ?uoride salts and 
hydrogendi?uoride salts; (2) an organic solvent having a 
hetero atom or atoms; and (3) Water. 

[0032] Item 23. A method of cleaning a treated surface 
after CMP treatment in a single damascene or dual dama 
scene process, using a composition comprising (1) at least 
one of ?uoride salts and hydrogendi?uoride salts; (2) an 
organic solvent having a hetero atom or atoms; and (3) 
Water. 
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[0033] Item 24. A method of producing a semiconductor 
device, comprising the steps of: forming a Work layer 
comprising an electroconductive layer and an insulating 
layer coexisting on one surface of a semiconductor substrate 
by a single damascene or dual damascene; and cleaning the 
Work layer using a composition comprising (1) at least one 
of ?uoride salts and hydrogendi?uoride salts; (2) an organic 
solvent having a hetero atom or atoms; and (3) Water. 

[0034] The composition of the present invention is char 
acteriZed by comprising (1) at least one of ?uoride salts and 
hydrogendi?uoride salts; (2) an organic solvent having a 
hetero atom or atoms; and (3) Water and can be used in 
cleaning a metal gate, a contact hole, a via hole, a capacitor 
or the like in the course of producing a semiconductor. This 
cleaning composition can be also used for removing a 
polymer remaining on a side Wall of a contact hole, a via 
hole, a capacitor, a metal gate, a metal Wiring and the like, 
for removing a resist residue after ion implantation, for 
removing a polymer remaining after dry etching in a single 
damascene or dual damascene process, or for cleaning after 
CMP in a single damascene or dual damascene process. 

[0035] (1) A ?uoride salt and a hydrogendi?uoride salt to 
be added to the cleaning composition of the invention is 
preferably at least one of them prepared from hydro?uoric 
acid and at least one member selected from the group 
consisting of ammonia, hydroxylamines, aliphatic amines, 
aromatic amines, and aliphatic or aromatic quaternary 
ammonium salts. 

[0036] Examples of the hydroxylamine for use in forming 
salts With hydro?uoric acid are hydroxylamine, N-methlhy 
droxylamine, N,N-dimethylhydroxylamine, N-ethylhy 
droxylamine, N,N-diethylhydroxylamine, N-propylhy 
droxylamine, N-phenylhydroxylamine and like 
hydroxylamines mono- or di-substituted With straight-chain 
or branched-chain alkyl of 1 to 4 carbon atoms or a phenyl 
group. 

[0037] Examples of the aliphatic amine are methylamine, 
ethylamine, propylamine, isopropylamine, butylamine, 
hexylamine, octylamine, dimethylamine, diethylamine, 
dipropylamine, diisopropylamine, dibutylamine, trimethy 
lamine, triethylamine, tripropylamine, triisopropylamine, 
tributylamine and like aliphatic amines mono-, di- or tri 
substituted With straight-chain or branched-chain alkyl 
group of 1 to 8 carbon atoms; mono?uoromethylamine, 
di?uoromethylamine, tri?uoromethylamine, per?uoroethy 
lamine, per?uoropropylamine, per?uoroisopropylamine, 
per?uorobutylamine, per?uorohexylamine, per?uoroocty 
lamine, di(per?uoromethyl)amine, di(per?uoroethyl)amine, 
di(per?uoropropyl)amine, di(per?uoroisopropyl)amine, 
di(per?uorobutyl)amine, tri(per?uoromethyl)amine, tri(per 
?uoroethyl)amine, tri(per?uoropropyl)amine, tri(per?uor 
oisopropyl)amine, tri(per?uorobutyl)amine and like ali 
phatic amines mono-, di- or tri-substituted With straight 
chain or branched chain C1_8 alkyl group containing at least 
one ?uorine atom; monoethanolamine, ethylenediamine, 
2-(2-aminoethylamino)ethanol, diethanolamine, 2-ethylami 
noethanol, dimethylaminoethanol, ethyldiethanolamine, 
cyclohexylamine, dicyclohexylamine, etc. 
[0038] Examples of the aromatic amine are aniline, N-me 
thylaniline, N,N-dimethylaniline, benZylamine, dibenZy 
lamine, N-methylbenZylamine, etc. 
[0039] Examples of the aliphatic or aromatic quaternary 
ammonium salt are tetramethylammonium, tetraethylammo 
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nium, tetrapropylammonium, tetraisopropylammonium, tet 
rabutylammonium, trimethyl(2-hydroxyethyl)ammonium, 
tetraphenylammonium and like aliphatic or aromatic qua 
ternary ammonium hydrochlorides, hydrobromides, sul 
fates, nitrates and like mineral acid salts. 

[0040] The hydro?uoride to be used in the invention is a 
1:1 salt of hydro?uoric acid With ammonia, hydroxy 
lamines, aliphatic amines or aromatic amines, or is hydrof 
luoride salt of aliphatic or aromatic quaternary ammonium. 
Preferred hydro?uorides include a ?uoride salt represented 
by NRI4F (Wherein RIs are the same or different and each is 
a hydrocarbon group Which may be substituted With a 
?uorine atom or atoms; or a hydrogen atom). Speci?c 
preferred examples of the ?uoride salt represented by NRI4F 
include a ?uoride salt represented by NR4F (Wherein Rs are 
the same or different and each is a straight-chain or 
branched-chain alkyl group having 1 to 12 carbon atoms, 
preferably 1 to 4 carbon atoms Which may be substituted 
With a ?uorine atom or atoms; a phenyl group Which may be 
substituted With a ?uorine atom or atoms; or a hydrogen 

atom). 
[0041] The hydrogendi?uoride salt to be used in the 
invention is a 1:2 salt of hydro?uoric acid With 
ammonia, hydroxylamine, aliphatic amine or aromatic 
amine, or is hydro?uoric acid salt of aliphatic or aromatic 
quaternary ammonium. Preferred hydro?uoride salts include 
a hydrogendi?uoride salt represented by NRI4HF2 (Wherein 
RIs are the same or different and each is a hydrocarbon group 
Which may be substituted With a ?uorine atom or atoms; or 
a hydrogen atom). Preferred examples of the hydrogendif 
luoride salt represented by NRI4HF2 include a hydrogendi 
?uoride salt represented by NR4HF2 (Wherein Rs are the 
same or different and each is a straight-chain or branched 
chain-alkyl group having 1 to 12 carbon atoms; preferably 1 
to 4 carbon atoms Which may be substituted With a ?uorine 
atom or atoms; a phenyl group Which may be substituted 
With a ?uorine atom or atoms; or a hydrogen atom), and 
ammonium hydrogen?uoride is more preferable. 

[0042] A hydrogendi?uoride salt (such as ammonium 
hydrogendi?uoride) to be added to the composition of the 
invention may be in the form of crystals or an aqueous 
solution of hydrogendi?uoride salt (such as ammonium 
hydrogendi?uoride). Alternatively, a stoichiometric amount 
of a ?uoride salt (such as ammonium ?uoride) and HF may 
be added to the composition to form a hydrogendi?uoride 
salt (such as ammonium hydrogendi?uoride). 

[0043] The ammonium ?uoride to be added to the com 
position of the invention may be in the form of crystals or 
an aqueous solution. 

[0044] Examples of (2) the organic solvent having a hetero 
atom or atoms to be added to the composition of the 
invention are N,N-dimethylformamide, N,N-dimethylaceta 
mide, dimethylsulfoxide, N-methyl-2-pyrrolidone, 1,3-dim 
ethyl-2-imidaZolidinone; methanol, ethanol, isopropyl alco 
hol (IPA), 1-propanol, 1-butanol, 2-butanol, t-butanol, 
2-methyl-1-propanol, 1-pentanol, 1-hexanol, 1-heptanol, 
4-heptanol, 1-octanol, 1-nonylalcohol, 1-decanol, 1-dode 
canol and like alcohols; ethylene glycol, 1,2-propanediol, 
propylene glycol, 2,3-butanediol, glycerine and like polyols; 
acetone, acetylacetone, methyl ethyl ketone, 1,3-dihydroxy 
acetone and like ketones; acetonitrile, propionitrile, buty 
ronitrile, isobutyronitrile, benZonitrile and like nitriles; 
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formaldehyde, acetaldehyde, propionaldehyde and like alde 
hydes; ethylene glycol monomethyl ether, ethylene glycol 
monoethyl ether, diethylene glycol monobutyl ether and like 
alkylene glycol monoalkyl ethers; tetrahydrofuran, dioXane 
and like cyclic ethers; tri?uoroethanol, penta?uoropropanol, 
2,2,3,3-tetra?uoropropanol and like ?uoroalcohols; sul 
folane and nitromethane. More preferred are oxygen-con 
taining organic solvents selected from alcohols and ketones. 
Preferred examples of such solvents are methanol, ethanol, 
n-propanol, isopropanol (IPA) and like alcohols, and 
acetone, methyl ethyl ketone, 1,3-dihydroXyacetone and like 
ketones. These organic solvents having a hetero atom or 
atoms can be used either alone or in combination. 

[0045] When (2) the oxygen-containing organic solvent in 
the composition of the invention is at least one member 
selected from the group consisting of isopropyl alcohol, 
ethanol and methanol, preferably the concentration of Water 
is 10% by mass or loWer. When (2) the oxygen-containing 
organic solvent in the composition of the invention is 
acetone, the concentration of Water is preferably 20 to 40% 
by mass. 

[0046] When containing an alcohol as the solvent, usually 
the composition of the invention comprises (1) 0.001 to 1% 
by mass of at least one of ?uoride salts and hydrogendif 
luoride salts, (2) 89 to 99.989% by mass of an alcohol and 
(3) 0.01 to 10% by mass of Water, or preferably (1) 0.005 to 
0.1% by mass of at least one of ?uoride salts and hydro 
gendi?uoride salts, (2) 89.99 to 99.985% by mass of an 
alcohol and (3) 0.01 to 10% by mass of Water. 

[0047] More speci?cally, a preferred composition of the 
invention comprises (1) a ?uoride salt represented by NR4F 
(Wherein Rs are the same or different and each is a straight 
chain or branched-chain alkyl group having 1 to 12 carbon 
atoms, preferably 1 to 4 carbon atoms Which may be 
substituted With a ?uorine atom or atoms, a phenyl group 
Which may be substituted With a ?uorine atom or atoms, or 
a hydrogen atom) in a concentration of 1% by mass or loWer 
and/or a hydrogendi?uoride salt represented by NR4HF2 
(Wherein Rs are as de?ned above) in a concentration of 
0.001 to 1% by mass; (3) Water in a concentration of 10% 
by mass or loWer; and (2) at least one member selected from 
the group consisting of isopropyl alcohol, ethanol and 
methanol as the remainder. 

[0048] When containing a ketone as the solvent, usually 
the composition of the invention comprises (1) 0.001 to 1% 
by mass of at least one of ?uoride salts and hydrogendif 
luoride salts, (2) 59 to 79.999% by mass of a ketone and (3) 
20 to 40% by mass of Water, or preferably (1) 0.005 to 0.1% 
by mass of at least one of ?uoride salts and hydrogendif 
luoride salts, (2) 59.9 to 79.995% by mass of a ketone and 
(3) 20 to 40% by mass of Water. 

[0049] More speci?cally, a preferred composition of the 
invention comprises (1) a ?uoride salt represented by NR4F 
(Wherein Rs are the same or different and each is a straight 
chain or branched-chain alkyl group having 1 to 12 carbon 
atoms, preferably 1 to 4 carbon atoms Which may be 
substituted With a ?uorine atom or atoms, a phenyl group 
Which may be substituted With a ?uorine atom or atoms, or 
a hydrogen atom) in a concentration of 1% by mass or loWer 
and/or a hydrogendi?uoride salt represented by NR4HF2 
(Wherein Rs are as de?ned above) in a concentration of 
0.001 to 1% by mass; (3) Water in a concentration of 20 to 
40% by mass; and (2) acetone as the remainder. 
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[0050] The composition of the invention may further 
comprise (4) a surfactant. Useful surfactants are at least one 
of anionic, cationic and nonionic surfactants. Among them, 
an anionic surfactant is preferred. 

[0051] Preferred anionic surfactants include those of car 
boXylic acid type, sulfonic acid type or sulfuric ester type 
Wherein a hydrophilic group is —COOM, —SO3M, or 
—OSO3M (Wherein M is a hydrogen atom, ammonium or a 
metal atom) respectively. Useful salts are salts of alkali 
metals (such as sodium, potassium or the like) and like metal 
salts, ammonium salts, primary, secondary or tertiary amine 
salts and the like. Metal atoms may be monovalent or 
divalent. Among them, anionic surfactants of sulfonic acid 
type are preferred. 

[0052] Useful surfactants of carboXylic acid type include, 
for eXample, CF3(CF2)aCOOH, (CF3)2CF(CF2)aCOOH, 
HCF2(CF2)aCOOH, CF3(CF2)a(CH2)bCOOH, 
CF3(CF2)aCF=CH(CH2)bCOOH, 
Cl(CF2CFCl)pCF2COOH {Wherein a is an integer of 2 to 17, 
b is an integer of 1 or 2, and p is an integer of 1 to 9}, and 
their alkali metal salts, ammonium salts, primary amine 
salts, secondary amine salts tertiary amine salts, etc. 

[0053] Speci?c eXamples are CF3(CF2)aCOONa, 
(CF3)2CF(CF2)aCOONa, HCF2(CF2)aCOONa, 
CF3(CF2)a(CH2)bCOONa, 
CF3(CF2)aCF=CH(CH2)bCOONa, 
Cl(CF2CFCl)pCF2COONa, etc. 

[0054] Useful surfactants of sulfonic acid type include, for 
eXample, CCHZC+1SO3H, CcH2c+1O(CH2CH2O)dSO3H and 
CcH2c+1-ph-SO3H (Wherein ph is a phenylene group, c is an 
integer of 5 to 20 and d is an integer of 0 to 20); 
CnHmC6H3(SO3H)Oph(SO3H) {Wherein ph is a phenylene 
group, n is an integer of 1 to 30 and m is an integer of 3 to 
61}, CnHmOph(SO3H) {Wherein ph is a phenylene group, n 
is an integer of 1 to 30 and m is an integer of 3 to 61}; and 
their metal salts, ammonium salts, primary amine salts, 
secondary amine salts, tertiary amine salts, etc. 

R““CH=CH(CH2)]-SO3Na {Wherein R““ is CJ-Hm, CJ-Frn or 
CjHkF1,j is an integer of 0 to 30, m is an integer of 1 to 61, 
k is an integer of 1 to 60, and l is an integer of 1 to 60}, 

[0056] It is preferable to use, among the anionic surfac 
tants given above, a compound prepresented by 
CnHmC6H3(SO3H)Oph(SO3H) {Wherein ph is a phenylene 
group, n is an integer of 1 to 30 and m is an integer of 3 to 
61} and a compound represented by CnHmph(SO3H) 
{Wherein ph, n and m are as de?ned above} and their metal 
salts, ammonium salts, primary amine salts, secondary 
amine salts, tertiary amine salts, etc. 

[0057] In the formula given above, the group represented 
by CnHmis a group Which meets the requirements that n is 
an integer of 1 to 30 and m is an integer of 3 to 61, such as 
a straight-chain or branched chain aliphatic alkyl group, an 
aliphatic alkenyl group having at least one double bond, an 
alicyclic alkyl group Which may have a branched chain, an 
alicyclic alkenyl group Which may have a branched chain, an 
aromatic alkyl group and the like. 



US 2005/0054549 A1 

[0058] Preferred nonionic surfactants are surfactants of 
polyethylene glycol type Wherein a hydrophilic group is one 
represented by —R‘ (CH2CH2O)qR“ or 
—R‘O(CH2CH2O)qR“{Wherein R“ is a hydrogen atom or an 
alkyl group having 1 to 10 carbon atoms, R‘ is a hydrocarbon 
group having 1 to 20 carbon atoms in Which a hydrogen 
atom or atoms may be substituted With a ?uorine atom or 

atoms, and q is an integer of 0 to 30}. Speci?c examples are 
as folloWs. 

{Wherein ph is a phenylene group}, etc. 

[0060] Examples of the cationic surfactants include pri 
mary amine represented by R‘"NH2, secondary amine rep 
resented by RWZNH, tertiary amine represented by R‘"3N, 
and tetraamine represented by [R‘"4N]M‘ (Wherein R‘"s are 
the same or different and each represents a straight chain or 
branched chain alkyl group of 1 to 30 carbon atoms Which 
may be substituted With a ?uorine atom or atoms or a OH 

group or groups, or a phenyl group Which may be substituted 
With a ?uorine atom or atoms or a OH group or groups, or 

a hydrogen atom, and M‘ is a monovalent anion (e.g. Cl“). 
Speci?c examples of the compound are: 

[0062] The content of the surfactant is not limited insofar 
as the contemplated effect of the invention can be achieved. 
Usually it is about 0.0001 to about 10% by mass, preferably 
about 0.001 to about 5% by mass, more preferably about 
0.01 to about 1% by mass. 

[0063] When an anionic surfactant is used, the content is 
preferably 0.001 to 10% by mass. 

[0064] When the composition of the invention contains an 
anionic surfactant, the content of Water is preferably 60% by 
mass or loWer. 

[0065] When the composition of the invention contains an 
anionic surfactant, usually the composition of the invention 
comprises (1) 0.001 to 1% by mass of at least one of ?uoride 
salts and hydrogendi?uoride salts, (2) 29 to 99.988% by 
mass of an organic solvent having a hetero atom or atoms, 
(3) 0.01 to 60% by mass of Water, and (4) 0.001 to 10% by 
mass of an anionic surfactant, or preferably (1) 0.005 to 1% 
by mass of at least one of ?uoride salts and hydrogendif 
luoride salts, (2) 58.0 to 99.975% by mass of an organic 
solvent having a hetro atom or atoms, (3) 0.01 to 40% by 
mass of Water and (4) 0.01 to 1% by mass of an anionic 
surfactant. 

[0066] More speci?cally, a preferred polymer-removing 
composition of the invention comprises (1) a ?uoride salt 
represented by NR4F (Wherein Rs are the same or different 
and each is a straight-chain or branched-chain alkyl group 
having 1 to 12 carbon atoms, preferably 1 to 4 carbon atoms 
Which may be substituted With a ?uorine atom or atoms, a 
phenyl group Which may be substituted With a ?uorine atom 
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or atoms, or a hydrogen atom) in a concentration of 1% by 
mass or loWer and/or a hydrogendi?uoride salt represented 
by NR4HF2 (Wherein Rs are as de?ned above) in a concen 
tration of 0.001 to 1% by mass; (3) Water in a concentration 
of 60% by mass or loWer; (4) an anionic surfactant in a 
concentration of 0.001 to 10% by mass; and (2) at least one 
member selected from the group consisting of isopropyl 
alcohol, ethanol and methanol as the remainder. 

[0067] The composition of the invention may further 
comprise (5) a corrosion inhibitor. Examples of the corro 
sion inhibitor are catechol, pyrogallol, oxine and like aro 
matic hydroxy compounds, benZotriaZole, tolyltriaZole and 
like triaZole compounds and derivatives thereof, phthalic 
acid, salicylic acid, aZelaic acid and like carboxyl-containing 
organic compounds, ethylenediaminetetraacetic acid and 
like aminopolycarboxylic acids, 1,2-propaneaminetetram 
ethylenephosphonic acid, and like phosphonic acids, cup 
ferron and like chelating agents, pyridine derivatives, 
sodium 2-mercaptobenZothiaZole and like thiaZole com 
pounds, tetramethylammonium formate and like tatraammo 
nium salts, sorbitol, arabitol, amylose, and like saccharides 
and derivatives thereof. The content of the corrosion inhibi 
tor is not limited insofar as the intended effect of the 
invention is achieved. It is about 0.01 to about 30% by mass, 
preferably about 0.5 to about 10% by mass. 

[0068] The composition of the invention comprising (1) at 
least one of ?uoride salts and hydrogendi?uoride salts; (2) 
an organic solvent having a hetero atom or atoms; and (3) 
Water has a THOX or BPSG etch rate at 25° C. of 100 A/min 
or loWer, preferably 80 A/min or loWer, more preferably 60 
A/min or loWer, still more preferably 50 A/min or loWer. 

[0069] The composition of the invention shoWs a loW 
property of corroding metals and a substrate of Al, Al—Cu, 
Cu, W, Al—Si, Al—Si—Cu or the like Which are likely to 
become corroded. Further the composition of the invention 
exhibits an excellent cleaning ability in treating, at a loW 
temperature for a short time, a polymer derived from a resist, 
a native oxide and contaminants such as organic substances 
and particles produced in the process of producing a semi 
conductor. 

[0070] Consequently the composition of the invention can 
be used for cleaning at least one of metal gate, a contact hole, 
a via hole and a capacitor in the course of producing 
semiconductors even When a material for a gate electrode 
contains a metal. 

[0071] In the present invention, cleaning is performed on 
a substrate at an intermediate stage in the process of manu 
facturing semiconductors. For example, cleaning is carried 
out before embedding metal parts after forming a contact 
hole. 

[0072] Stated more speci?cally, the composition of the 
invention can be used in the process of manufacturing 
semiconductors, namely in the folloWing steps. A resist 
pattern is formed on a Work layer consisting of an electro 
conductive layer formed on an insulating layer over a 
substrate of silicon, ie a semiconductor substrate. Then the 
Work layer is formed into speci?ed pattern by dry-etching 
using the resist as a mask. Thereafter the obtained semicon 
ductor substrate is cleaned With the composition. In these 
steps, for example, a metal gate and a metal Wiring are 
formed on the semiconductor substrate. 
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[0073] Further the composition of the invention can be 
used in the process of manufacturing semiconductors, 
namely in the following steps. A resist pattern is formed on 
a Work layer consisting of an insulating layer formed on 
electroconductive layer over a substrate of silicon, ie a 
semiconductor substrate. Then the Work layer is formed into 
speci?ed pattern by dry-etching using the resist as a mask. 
Thereafter the obtained semiconductor substrate is cleaned 
With the composition. In these steps, for example, a via hole 
and a contact hole are formed on the semiconductor sub 
strate. These steps correspond With dry etching step in a 
single damascene or dual damascene process. 

[0074] In cleaning a metal gate, a contact hole, a via hole 
and a capacitor With the cleaning composition of the inven 
tion, for example, an article to be treated (such as a semi 
conductor substrate having at least one of a metal gate, a 
contact hole, a via hole and a capacitor formed thereon) is 
immersed in the composition and treated, for example, at 
about 15 to about 40° C., preferably approximately at room 
temperature for about 0.5 to about 30 minutes. The cleaning 
can be performed by bringing the cleaning composition into 
contact With the article to be treated. For example, the article 
to be treated can be cleaned by supplying the composition 
onto the article While rotating it, by continuously spraying 
the composition over the article, or by immersing the article 
in the composition. 

[0075] The semiconductor substrate cleaned With the com 
position of the invention can be processed into various kinds 
of semiconductor devices by conventional methods (such as 
the method disclosed in Atlas of IC Technologies: An 
Introduction to VLSI Processes by W. Maly, 1987 by The 
Benj amin/Cummings Publishing Company Inc.). 
[0076] The composition of the invention shoWs a loW 
property of corroding a metal and a substrate of Al, 
Al—Cu—, —Cu, W, Al—Si, Al—Si—Cu or the like Which 
are likely to become corroded. Further the composition of 
the invention exhibits a high cleaning ability in treating, at 
a loW temperature for a short time, a polymer derived from 
a resist or the like. Accordingly the cleaning composition of 
the invention can be used for removing a polymer for a resist 
remaining on a side Wall of a via hole, a metal gate, a contact 
hole, a capacity or the like, namely can be used as a 
composition for removing such polymer. The present inven 
tion also includes such composition for removing a polymer. 

[0077] The polymer-removing composition of the inven 
tion can be used also for removing the polymer remaining 
after forming a metal gate, a contact hole, a via hole, a 
capacitor or a n+or p+region or for removing the polymer 
remaining after dry etching in a single damascene or dual 
damascene process. 

[0078] The polymer can be removed With the composition 
of the invention by immersing an article to be treated (e.g., 
a semiconductor substrate having formed thereon at least 
one of via hole, metal gate, contact hole and capacitor) in the 
composition for treatment, eg at about 15 to about 40° C., 
preferably approximately at room temperature for about 0.5 
to about 30 minutes. In this case, the polymer can be 
removed by bringing the composition into contact With the 
article to be treated. For example, the article may be cleaned 
by supplying the composition onto the article While rotating 
it, or by continuously spraying the composition over the 
article. 
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[0079] Preferably the composition of the invention is used 
for removing a polymer remaining on a semiconductor 
substrate having a ?ne pattern (eg a pattern having a gap of 
about 0.0001 to about 10 pm). 

[0080] After a polymer has been removed from the semi 
conductor substrate With the composition of the invention, 
the semiconductor substrate can be processed into various 
kinds of semiconductor devices by conventional methods 
(e.g., the method disclosed in Atlas of IC Technologies: An 
Introduction to VLSI Processes by W. Maly, 1987 by The 
Benj amin/Cummings Publishing Company Inc.). 
[0081] The cleaning composition of the invention (espe 
cially polymer-removing composition) can be advanta 
geously used for resists (including a negative type resist and 
a positive type resist) Which can be developed using an 

aqueous solution of alkali. The foregoing resists include a positive type resist comprising naphthoquinonediaZide 

compound and novolak resin; (ii) a positive type resist 
comprising a compound Which generates an acid by expo 
sure to light, a compound Which decomposes due to an acid 
and Which is thereby increased in the solubility in an 
aqueous solution of alkali, and an alkali-soluble resin; (iii) 
a positive type resist comprising a compound Which gener 
ates an acid by exposure to light, and an alkali-soluble resin 
having a group Which decomposes due to an acid and Which 
is thereby increased in the solubility in an aqueous solution 
of alkali; and (iv) a negative type resist comprising a 
compound Which generates an acid by exposure to light, a 
crosslinking agent and an alkali-soluble resin. HoWever, the 
foregoing resists are not limited thereto. 

[0082] After etching, a polymer derived from the residual 
resist may be cleaned or removed With the composition of 
the invention after or Without ashing. 

[0083] The cleaning composition and the polymer-remov 
ing composition according to the invention can be used in 
the course of producing liquid crystal panel devices as Well 
as in the course of producing semiconductors. 

[0084] In the course of producing semiconductors, clean 
ing is required for removing an abrasive material from the 
surface of the substrate after CMP in a single damascene or 
dual damascene process. Using the cleaning composition of 
the invention, the abrasive material remaining on the surface 
of the substrate can be removed With a brush or the like after 
CMP. Accordingly the cleaning composition of the invention 
can be used for cleaning the surface of the substrate after 
CMP in the course of producing semiconductors. 

[0085] The article to be treated is cleaned With the com 
position of the invention after CMP, for example, by 
immersing the article in the composition at about 15 to about 
40° C., preferably approximately at room temperature for 
about 0.1 to about 30 minutes or by alloWing the composi 
tion to flow over the article at about 15 to about 40° C., 
preferably approximately at room temperature for about 1 
second to about 10 minutes. Although a brush need not be 
used in the cleaning step, the slurry can be removed With 
higher efficiency by use of a brush. Thus, the use of a brush 
is preferable. The article may be cleaned after CMP by its 
immersion in the composition for ultrasonic cleaning 
(megasonic cleaning). 
[0086] The foregoing cleaning can be performed after 
CMP on a Work layer consisting of an electroconductive 
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layer and an insulating layer coexisting on one surface of a 
semiconductor substrate or a Work layer consisting of an 
electroconductive layer thereon, for example, after CMP in 
single damascene process or dual damascene process for 
forming a plug or Wiring. 

[0087] The damascene process may be also carried out, for 
example, in the course of producing liquid crystal panel 
devices. The composition of the invention can be used in 
cleaning the article after CMP in a single damascene process 
or dual damascene process during the manufacture of such 
elements. 

[0088] This invention includes a method of producing a 
semiconductor device, comprising the steps of: forming a 
Work layer consisting an electroconductive layer and an 
insulating layer coexisting on one surface of a semiconduc 
tor substrate by a single damascene or dual damascene; and 
cleaning the Work layer using the cleaning composition of 
the invention. 

[0089] The semiconductor substrate cleaned With the 
cleaning composition of the invention after CMP can be 
processed into various kinds of semiconductor devices by 
conventional methods (such as the method disclosed in Atlas 
of IC Technologies: An Introduction to VLSI Processes by 
W. Maly, 1987 by The Benjamin/Cummings Publishing 
Company Inc.). 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0090] The present invention Will be described in more 
detail With reference to the folloWing examples to Which, 
hoWever, the invention is not limited. 

[0091] The etch rate of each oxide ?lm Was determined by 
measuring the thickness of the ?lms before and after etching 
With an Auto EL-III ellipsometer manufactured by Rudolf 
Research. The etch rates of the folloWing compositions Were 
calculated as the difference in thickness of a ?lm before and 
after being etched at 25° C. divided by etch time. 

EXAMPLES 1 TO 8 AND COMPARATIVE 
EXAMPLES 1 to 5 

[0092] The compositions having the formulations shoWn 
beloW Were prepared by the conventional method. 

[0093] Example 1: NH4.HF2 (0.01 Wt %), Water (0.3 Wt 
%) and IPA as the remainder; 

[0094] Example 2: NH4.HF2 (0.085 Wt %), Water (0.3 
Wt %) and IPA as the remainder; 

[0095] Example 3: NH4.HF2 (0.01 Wt %), NH4F (0.065 
Wt %), Water (7.5 Wt %) and IPA as the remainder; 

[0096] Example 4: (CH3)4N.HF2 (0.3 Wt %), Water (7.5 
Wt %) and IPA as the remainder; 

[0097] Example 5: C8H17NH3.HF2(0.5 Wt %), Water 
(7.5 Wt %) and IPA as the remainder; 

[0098] Example 6: NH4.HF2 (0.085 Wt %), NH4F (0.11 
Wt %), Water (7.5 Wt %) and MeOH as the remainder; 
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[0099] Example 7: NH4.HF2 (0.085 Wt %), NH4F (0.11 
Wt %), Water (7.5 Wt %) and EtOH as the remainder; 

[0100] Example 8: NH4.HF2 (0.04 Wt %), NH4F (0.10 
Wt %), Water (3.5 Wt %) and acetone as the remainder; 

[0101] Comparative Example 1: HF (5 Wt %), Water (5 
Wt %) and acetone as the remainder; 

[0102] Comparative Example 2: HF (5 Wt %), Water (5 
Wt %) and IPA as the remainder; 

[0103] Comparative Example 3: Aqueous ammonia 
(0.29 Wt %); 

[0104] Comparative Example 4: Fluoric acid (0.5 Wt 
%); 

[0105] Comparative Example 5: HF (0.125 Wt %), 
NH4F (40 Wt %), and Water as the remainder. 

Test Example 1 

[0106] Metal Corrosion Test I (Without a Surfactant) 

[0107] A Cu test piece, an Al Wafer, and a W Wafer (each 
3 cm><3 cm) Were separately immersed in 220 g of the 
composition at 22° C. for 10 minutes. Then, the concentra 
tions of Cu, Al and W dissolved out in the composition Were 
measured With ICP-MS and an etch rate Was calculated. The 
results are shoWn in Table 1. 

TABLE 1 

Composition Al (A/min) Cu (A/min) W (A/min) 

Example 1 0.1 or loWer 0.1 or loWer 0.1 or loWer 
Example 2 0.1 or loWer 0.1 or loWer 0.1 or loWer 
Example 3 0.1 or loWer 0.1 or loWer 0.1 or loWer 
Example 4 0.1 or loWer 0.1 or loWer 0.1 or loWer 
Example 5 0.1 or loWer 0.1 or loWer 0.1 or loWer 
Example 6 0.1 or loWer 0.1 or loWer 0.1 or loWer 
Example 7 0.1 or loWer 0.1 or loWer 0.1 or loWer 
Example 8 0.1 or loWer 0.1 or loWer 0.1 or loWer 
Comp. Ex. 1 3.0 2.0 0.21 
Comp. Ex. 2 7.1 3.2 0.14 
Comp. Ex. 3 110 9.2 0.33 
Comp. Ex. 4 330 14 0.98 

Test Example 2 

[0108] Metal Corrosion Test II (Without a Surfactant) 

[0109] In the composition of Example 1 (NH4.HF2 (0.01 
Wt %), Water (0.3 Wt %) and IPA as the remainder), the 
concentration of NH 4.HF2 Was maintained at 0.01 Wt %, and 
the proportions of Water and IPA Were changed as shoWn in 
Table 2 (only the amount of Water Was shoWn and the 
remainder Was IPA). Under the same conditions as in Test 10 
Example 1, the concentrations of Cu, Al and W dissolved out 
in the composition Were measured With ICP-MS, and an etch 
rate Was calculated. The results are shoWn in Table 

TABLE 2 

Water conc. a a 0 

(wt %) Al (A/min) Cu (A/min) W (A/min) 

0.3 0.1 or loWer 0.1 or loWer 0.1 or loWer 

2.5 0.1 or loWer 0.1 or loWer 0.1 or loWer 
5 0.1 or loWer 0.1 or loWer 0.1 or loWer 

10 0.1 or loWer 0.1 or loWer 0.1 or loWer 
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TABLE 2-continued 

Water conc. 

(Wt %) Al (A/min) Cu (A/min) W (A/min) 

20 0.1 or lower 0.1 or lower 0.35 

30 5 0.29 2.3 
50 30 0.59 3.2 
70 43 2.8 5.4 

Test Example 3 

[0110] Metal Corrosion Test III (Without a Surfactant) 

[0111] In the composition containing acetone as a solvent 
(NH4.HF2 (0.04 Wt %), Water and acetone as the remainder), 
the concentration of NH4.HF2 Was maintained at 0.04 Wt % 
and the proportions of Water and IPA Were changed as shoWn 
in Table 3 (only the amount of Water Was shoWn and the 
remainder Was IPA). Under the same conditions as in Test 
Example 1, the concentrations of Cu, Al and W dissolved out 
in the composition Were measured With ICP-MS, and an etch 
rate Was calculated. The results are shoWn in Table 3. 

TABLE 3 

Water 

conc. (Wt %) Al (A/min) Cu (A/min) W (A/min) 

0.01 4.3 1.0 0.1 or loWer 
10 2.5 0.31 0.1 or loWer 
20 1.2 0.36 0.1 or loWer 
30 1 1 0.1 or loWer 0.1 or loWer 
40 1 1 0.1 or loWer 0.1 or loWer 
50 50 0.40 0.39 
60 47 1.0 0.24 
70 46 2.9 0.21 
80 44 6.5 0.31 
90 44 9.6 0.30 
100 46 8.9 0.47 

Test Example 4 

[0112] Metal Corrosion Test IV (Without a Surfactant) 

[0113] Using the compositions of Example 1 and Com 
parative Example 5, a corrosion test Was conducted in the 
same manner as in Test Example 1 using TiN Wafer, CoSi 
Wafer, W Wafer and TiSi Wafer (each 3 cm><3 cm). The 
results are shoWn in Table 4. 

TABLE 4 

TiN CoSi W TiSi 

Composition (A/min) (A/min) (A/min) (A/min) 

Example 1 0.001 0.001 or 0.001 or 0.001 or 
loWer loWer loWer 

Comp. Ex. 5 0.01 0.049 0.014 0.085 

[0114] It is apparent from the results of Test Examples 1 
to 4 that the compositions of this invention have a loW 
capability of corroding a metal, can be used as a cleaning 
composition for a metal gate, a contact hole, a via hole, a 
capacitor or the like and can be preferably used as a 
polymer-removing composition or as a cleaning composi 
tion to be employed after CMP. 
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[0115] For use as a cleaning composition for cleaning a 
contact hole or the like or as a polymer-removing compo 

sition, the composition needs to have, e.g., a property of 
cleaning a polymer derived from a resist remaining on a side 
Wall of contact hole. Consequently Test Examples 5 and 6 
Were carried out to investigate Whether the composition has 
this property. 

Test Example 5 

[0116] Polymer-Cleaning Ability Test I (Without a Sur 
factant) 
[0117] A resist pattern Was formed in the conventional 
manner, the pattern comprising a positive type photo-resist 
of naphthoquinone/novolak resin on a silicon Wafer having 
an Al Wiring layer (comprising three layers, i.e., Ti/TiN 
layer-Al layer-Ti/TiN layer) deposited thereon. The silicon 
Wafer having the resist pattern Was subjected to dry-etching 
of metal according to the conventional method. Then, the 
remaining resist Was removed by ashing With an oxygen gas. 

[0118] The obtained silicon Wafer having metal Wiring on 
the surface Was immersed in each of the compositions of 
Examples 1 to 8 and Comparative Examples 1 to 4 at 25° C. 
for 10 minutes for removal of the polymer. The Wafer thus 
treated Was rinsed With pure Water. The results of cleaning 
the ashing residue on the silicon Wafer (polymeric deposits) 
and the occurrence or non-occurrence of corrosion of Wiring 
metal Were evaluated by SEM (scanning electron micro 
scope) photographic observation. The results of cleaning the 
polymeric deposits Were rated as “good” or as “incomplete” 
(2-level rating). The occurrence or non-occurrence of cor 
rosion of Wiring metal Was rated as “corroded” or “none” 
(2-level rating). The results are shoWn in Table 5. 

TABLE 5 

Occurrence or non 

Results of occurrence of 

Composition cleaning deposits Wiring metal 

Example 1 Good None 
Example 2 Good None 
Example 3 Good None 
Example 4 Good None 
Example 5 Good None 
Example 6 Good None 
Example 7 Good None 
Example 8 Good None 
Comp. Example 1 Good Corroded 
Comp. Example 2 Good Corroded 
Comp. Example 3 Good Corroded 
Comp. Example 4 Good Corroded 

[0119] In Test Example 5, Al Wiring Was formed before the 
test. If the Al Wiring can be cleaned, the composition can be 
used for cleaning a polymer of other metal materials. 

Test Example 6 

[0120] Polymer-Cleaning Ability Test II (Without a Sur 
factant) 
[0121] A resist pattern Was formed in the conventional 
manner, the pattern comprising a positive type photo-resist 
of naphthoquinone/novolak resin on a silicon Wafer having 
an interlayer dielectric on its surface and an Al Wiring layer 
(comprising three layers, i.e., Ti/TiN layer-Al layer-Ti/TiN 
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layer) under the interlayer dielectric. The silicon Wafer 
having the resist pattern Was subjected to dry-etching of 
oxide ?lm according to the conventional method to form a 
via hole. Then, the remaining resist Was removed by ashing 
With an oxygen gas. 

[0122] The obtained silicon Wafer having the via hole Was 
immersed in each of the compositions of Examples 1 to 8 
and Comparative Examples 1 to 4 at 25° C. for 10 minutes 
for removal of the polymer deposits. The Wafer thus treated 
Was rinsed With pure Water. The results of cleaning the 
ashing residue on the silicon Wafer (polymeric deposits) and 
the occurrence or non-occurrence of corrosion of Wiring 
metal Were evaluated by SEM (scanning electron micro 
scope) photographic observation. The results of cleaning the 
polymeric deposits Were rated as “good” or as “incomplete” 
(2-level rating). The occurrence or non-occurrence of cor 
rosion of Wiring metal Was rated as “corroded” or “none” 

(2-level rating). The results are shoWn in Table 6. 

TABLE 6 

Occurrence or non 

occurrence of 

Results of corrosion of 
Composition cleaning deposits Wiring metal 

Example 1 Good None 
Example 2 Good None 
Example 3 Good None 
Example 4 Good None 
Example 5 Good None 
Example 6 Good None 
Example 7 Good None 
Example 8 Good None 
Comp. Example 1 Good Corroded 
Comp. Example 2 Good Corroded 
Comp. Example 3 Good Corroded 
Comp. Example 4 Good Corroded 

[0123] In Test Example 6, a via hole Was formed before 
the test. If the deposits of via hole can be cleaned, the 
composition can be used for cleaning the deposits of contact 
hole. 

[0124] It is clear from the results of Test Examples 5 and 
6 that the composition of the invention has a capability of 
cleaning the polymer (resist) and shoWs a property of 
scarcely corroding Wiring metal. Thus it is evident that the 
composition of the invention is suitable as a composition for 
cleaning a metal gate, a contact hole, a via hole, a capacitor 
and the like. It is also clear that the cleaning composition of 
the invention can be suitably used for removing a polymer 
remaining on a side Wall of a metal gate, a contact hole, a via 
hole, a capacitor and the like. 

Test Example 7 

[0125] Etch Rate of Insulating Layer (Without a Surfac 
tant) 
[0126] Using the compositions of Examples 1 to 8 and 
Comparative Examples 1 to 4, an etch rate of each ?lm Was 
determined by etching at 25° C. a test substrate having a 
thermal oxide ?lm, a BPSG ?lm or an NSG ?lm formed on 
the surface of a silicon substrate. The results are shoWn in 
Table 7. The etch rate in the table is shoWn as A/min. 
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TABLE 7 

Thermal oxide 
Composition ?lm BPSG ?lm NSG ?lm 

Example 1 10 10 10 
Example 2 20 20 20 
Example 3 1.6 15 12 
Example 4 2.0 4.1 3.5 
Example 5 3.9 8.5 7.0 
Example 6 1.3 23 11 
Example 7 4.8 35 24 
Example 8 0.5 8 16 
Comp. Ex. 1 3 250 3.6 
Comp. Ex. 2 6 330 11 
Comp. Ex. 3 — — — 

Comp. Ex. 4 30 260 45 

[0127] It is dif?cult to measure the etch rate of a native 
oxide because it is very thin. As clear from Test Example 7, 
an oxide ?lm such as a thermal oxide ?lm, BPSG ?lm and 
NSG ?lm Which are thicker than a native oxide can be 

etched. Accordingly it is evident that a native oxide Which 
is thinner than these ?lms can be etched and can be removed 

(cleaned). It is apparent from Test Examples 1 to 7 that the 
composition of the invention shoWs a loWer property of 
corroding metals than cleaning compositions conventionally 
used and can clean a native oxide, polymeric deposits and 
the like. Such composition can be suitably used as a com 

position for cleaning a metal gate, a contact hole, a via hole, 
a capacitor and the like. 

[0128] The results of Table 7 shoW that the composition of 
the invention can remove a polymer adhering to a thermal 

oxide ?lm, BPSG ?lm, NSG ?lm and like ?lms Without 
signi?cantly deforming a via hole. It is apparent from Test 
Examples 1 to 7 that the composition of the invention shoWs 
a loWer property of corroding metals than polymer-remov 
ing compositions conventionally used and can remove a 
polymer (deposit) Without signi?cantly deforming a via 
hole. Consequently such composition can be suitably used 
as a composition for removal of a polymer remaining on a 

side Wall of a metal gate, a contact hole, a via hole, a 
capacitor, a metal Wiring and the like and as a composition 
for removal of resist residue after ion implantation or for 
removal of a polymer adhered by dry etching in a single 
damascene or dual damascene process. 

[0129] The slurry used in CMP may adhere to the surface 
of the article to be treated or may become partly lodged in 
an insulating layer to be treated When the layer is polished. 
In this situation, the slurry is usually lifted off by slightly 
etching the insulating layer and is scrubbed off With a brush. 
It is clear from Test Example 7 that the foregoing ?lms can 
be etched With the cleaning composition of the invention. 
Thus the slurry can be removed (cleaned) When the com 
position of the invention is used as a cleaning composition 
after CMP. The composition of the invention exhibits a loW 
property of corroding a metal and can remove a slurry so that 
it is suitable for use as a cleaning composition after CMP. 

[0130] Compositions containing an anionic surfactant 
Were prepared and the folloWing tests Were carried out. 
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EXAMPLES 9 to 28 AND COMPARATIVE 
EXAMPLES 6 and 7 

[0131] Compositions having the following formulations 
Were prepared by the conventional method. 

[0132] Example 9: C12H25C6H3(SO3H)Oph(SO3H) 
(0.15%) NH4F (0.22%), Water (7.5%) and IPA as the 
remainder; 

[0133] Example 10: C12H25C6H3(SO3H)Oph(SO3H) 
(0.15%), NH4F (0.185%), Water (15%) and IPA as the 
remainder; 

[0134] Example 11: C12H25C6H3(SO3H)Oph(SO3H) 
(0.15%), NH4F (0.185%), Water (20%) and IPA as the 
remainder; 

[0135] Example 12: C12H25C6H3(SO3H)Oph(SO3H) 
(0.15%), NH4F (0.185%), Water (25%) and IPA as the 
remainder; 

[0136] Example 13: C12H25C6H3(SO3H)Oph(SO3H) 
(0.15%), NH4F (0.185%), Water (30%) and IPA as the 
remainder; 

[0137] Example 14: C12H25C6H3(SO3H)Oph(SO3H) 
(0.15%), NH4F (0.093%), Water (7.5%) and IPA as the 
remainder; 

[0138] Example 15: C12H25C6H3(SO3H)Oph(SO3H) 
(0.15%), NH4F (0.093%), Water (15%) and IPA as the 
remainder; 

[0139] Example 16: C12H25C6H3(SO3H)Oph(SO3H) 
(0.15%), NH4F (0.093%), Water (20%) and IPA as the 
remainder; 

[0140] Example 17: C12H25C6H3(SO3H)Oph(SO3H) 
(0.15%), NH4F (0.093%), Water (25%) and IPA as the 
remainder; 

[0141] Example 18: C12H25C6H3(SO3H)Oph(SO3H) 
(0.15%), NH4F (0.093%), Water (30%) and IPA as the 
remainder; 

[0142] Example 19: C12H25C6H3(SO3H)Oph(SO3H) 
(0.075%), NH4F (0.185%), Water (7.5%) and IPA as the 
remainder; 

[0143] Example 20: C12H25C6H3(SO3H)Oph(SO3H) 
(0.075%), NH4F (0.185%), Water (15%) and IPA as the 
remainder; 

[0144] Example 21: C12H25C6H3(SO3H)Oph(SO3H) 
(0.075%), NH4F (0.185%), Water (20%) and IPA as the 
remainder; 

[0145] Example 22: C12H25C6H3(SO3H)Oph(SO3H) 
(0.075%), NH4F (0.185%), Water (25%) and IPA as the 
remainder; 

[0146] Example 23: C12H25C6H3(SO3H)Oph(SO3H) 
(0.075%), NH4F (0.185%), Water (30%) and IPA as the 
remainder; 

[0147] Example 24: C12H25C6H3(SO3H)Oph(SO3H) 
(0.075%), NH4F (0.093%), Water (7.5%) and IPA as the 
remainder; 

[0148] Example 25: C12H25C6H3(SO3H)Oph(SO3H) 
(0.075%), NH4F (0.093%), Water (15%) and IPA as the 
remainder; 
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[0149] Example 26: C12H25C6H3(SO3H)Oph(SO3H) 
(0.075%), NH4F (0.093%), Water (20%) and IPA as the 
remainder; 

[0150] Example 27: C12H25C6H3(SO3H)Oph(SO3H) 
(0.075%), NH4F (0.093%), Water (25%) and IPA as the 
remainder; 

[0151] Example 28: C12H25C6H3(SO3H)Oph(SO3H) 
(0.075%), NH4F (0.093%), Water (30%) and IPA as the 
remainder; 

[0152] Comparative Example 6: 
C9H19phO(CH2CH2O)1OH (0.15%), NH4HF2 (0.01%), 
NH4F (0.065%), Water (7.5%) and IPA as the remain 
der; 

[0153] Comparative Example 7: NH4F (0.055%), Water 
(10%) and IPA as the remainder; 

Test Example 8 

[0154] Metal Corrosion Test V (With a Surfactant) 

[0155] A Cu test piece, an Al Wafer, and a W Wafer (each 
3 cm><3 cm) Were separately immersed in 100 g of each of 
the compositions of Examples 9 to 28 and 

[0156] Comparative Examples 6 and 7 at 22° C. for 30 
minutes. Then, the concentrations of Cu, Al and W 
dissolved out in the composition Were measured With 
ICP-MS and an etch rate Was calculated. The results are 
shoWn in Table 8. 

TABLE 8 

Composition Al (A/min) Cu (A/min) W (A/min) 

Example 9 0.1 or loWer 0.1 or loWer 0.1 or loWer 
Example 10 0.1 or loWer 0.1 or loWer 0.1 or loWer 
Example 11 0.1 or loWer 0.1 or loWer 0.1 or loWer 
Example 12 0.1 or loWer 0.1 or loWer 0.1 or loWer 
Example 13 0.1 or loWer 0.1 or loWer 0.1 or loWer 
Example 14 0.1 or loWer 0.1 or loWer 0.1 or loWer 
Example 15 0.1 or loWer 0.1 or loWer 0.1 or loWer 
Example 16 0.1 or loWer 0.1 or loWer 0.1 or loWer 
Example 17 0.1 or loWer 0.1 or loWer 0.1 or loWer 
Example 18 0.1 or loWer 0.1 or loWer 0.1 or loWer 
Example 19 0.1 or loWer 0.1 or loWer 0.1 or loWer 
Example 20 0.1 or loWer 0.1 or loWer 0.1 or loWer 
Example 21 0.1 or loWer 0.1 or loWer 0.1 or loWer 
Example 22 0.1 or loWer 0.1 or loWer 0.1 or loWer 
Example 23 0.1 or loWer 0.1 or loWer 0.1 or loWer 
Example 24 0.1 or loWer 0.1 or loWer 0.1 or loWer 
Example 25 0.1 or loWer 0.1 or loWer 0.1 or loWer 
Example 26 0.1 or loWer 0.1 or loWer 0.1 or loWer 
Example 27 0.1 or loWer 0.1 or loWer 0.1 or loWer 
Example 28 0.1 or loWer 0.1 or loWer 0.1 or loWer 

[0157] It is apparent from the results of Table 8 that the 
composition of the invention shoWs a loW property of 
corroding metals. 

[0158] The results of Table 8 shoW that the composition of 
the invention has a loW property of corroding metals, can be 
used as a composition for cleaning a metal gate, a contact 
hole, a via hole, a capacitor and the like, and can be 
preferably used as a polymer-removing composition and as 
a cleaning composition to be employed after CMP. 

[0159] Such composition needs to have, in addition, a 
capability of removing a residual polymer (resist). Conse 
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quently Test Examples 9 and 10 Were carried out to inves 
tigate Whether the composition has this capability. 

Test Example 9 

[0160] Polymer-Removing Ability Test I (With a Surfac 
tant) 
[0161] A resist pattern Was formed in the conventional 
manner, the pattern comprising a positive type photo-resist 
of naphthoquinone/novolak resin on a silicon Wafer having 
an Al Wiring layer (comprising three layers, i.e., Ti/TiN 
layer-Al layer-Ti/TiN layer) deposited thereon. The silicon 
Wafer having the resist pattern Was subjected to dry-etching 
of metal according to the conventional method. Then, the 
remaining resist Was removed by ashing With an oxygen gas. 

[0162] The obtained silicon Wafer having metal Wiring on 
the surface Was immersed in each of the compositions of 
Examples 9 to 28 and Comparative Examples 6 and 7 at 25° 
C. for 10 minutes for removal of the polymer. The Wafer thus 
treated Was rinsed With pure Water. The results of removing 
the ashing residue on the silicon Wafers (polymeric deposits) 
and the occurrence or non-occurrence of corrosion of Wiring 
metal Were evaluated by SEM (scanning electron micro 
scope) photographic observation. The results of removing 
polymeric deposits Were rated as “good” or as “incomplete” 
(2-level rating). The occurrence or non-occurrence of cor 
rosion of Wiring metal Was rated as “corroded” or “none” 
(2-level rating). The results are shoWn in Table 9. 

TABLE 9 

Occurrence or non 

occurrence of 

Results of corrosion of 
Composition removing deposits Wiring metal 

Example 9 Good None 
Example 10 Good None 
Example 11 Good None 
Example 12 Good None 
Example 13 Good None 
Example 14 Good None 
Example 15 Good None 
Example 16 Good None 
Example 17 Good None 
Example 18 Good None 
Example 19 Good None 
Example 20 Good None 
Example 21 Good None 
Example 22 Good None 
Example 23 Good None 
Example 24 Good None 
Example 25 Good None 
Example 26 Good None 
Example 27 Good None 
Example 28 Good None 
Comp. Ex. 1 Incomplete None 
Comp. Ex. 2 Incomplete None 

[0163] It is apparent from the results of Table 9 that the 
composition of the invention can remove the polymeric 
deposits on a Wiring layer, and does not corrode the Wiring 
metal. 

Test Example 10 

[0164] Polymer-Removing Ability Test II (With a Surfac 
tant) 
[0165] A resist pattern Was formed in the conventional 
manner, the pattern comprising a positive type photo-resist 
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of naphthoquinone/novolak resin on a silicon Wafer having 
on its surface an interlayer dielectric on an Al Wiring layer 
(comprising three layers, i.e., Ti/TiN layer-Al layer-Ti/TiN 
layer). The silicon Wafer having the resist pattern Was 
subjected to dry-etching of oxide ?lm according to the 
conventional method to form a via hole. Then, the remaining 
resist Was removed by ashing With an oxygen gas. 

[0166] The obtained silicon Wafer having the via hole Was 
immersed in each of the compositions of Examples 9 to 28 
and Comparative Examples 6 and 7 at 25° C. for 10 minutes 
for removal of the polymer deposits. The Wafer thus treated 
Was rinsed With pure Water. The results of removing the 
ashing residue on the silicon Wafers (polymeric deposits) 
and occurrence or non-occurrence of corrosion of Wiring 
metal Were evaluated by SEM (scanning electron micro 
scope) photographic observation. The results of removing 
the residue Were rated as “good” or as “incomplete” (2-level 
rating). The occurrence or non-occurrence of corrosion of 
Wiring metal Was rated as “corroded” or “none” (2-level 
rating). The results are shoWn in Table 10. 

TABLE 10 

Occurrence or non 

Results of occurrence of 

Composition removing deposits Wiring metal 

Example 9 Good None 
Example 10 Good None 
Example 11 Good None 
Example 12 Good None 
Example 13 Good None 
Example 14 Good None 
Example 15 Good None 
Example 16 Good None 
Example 17 Good None 
Example 18 Good None 
Example 19 Good None 
Example 20 Good None 
Example 21 Good None 
Example 22 Good None 
Example 23 Good None 
Example 24 Good None 
Example 25 Good None 
Example 26 Good None 
Example 27 Good None 
Example 28 Good None 
Comp. Ex. 6 Incomplete None 
Comp. Ex. 7 Incomplete None 

[0167] It is apparent from the results of Table 10 that the 
composition of the invention can remove deposits on an 
interlayer dielectric or in a via hole. 

Test Example 11 

[0168] Etch rate of insulating ?lm (With a Surfactant) 

[0169] Since a via hole is formed of an oxide ?lm, the 
shape of the hole is Widely changed by cleaning if an etch 
rate of the cleaning composition is high. The folloWing test 
Was carried out to investigate the etch rate of oxide ?lms 
using the polymer-removing composition of the invention. 

[0170] Using the compositions of Examples 9 to 28, an 
etch rate of each ?lm Was determined by etching at 25° C. 
a test substrate comprising a silicon substrate having a 
thermal oxide ?lm, BPSG ?lm or NSG ?lm formed on its 
surface. The results are shoWn in Table 11. The etch rate in 
the table is shoWn as A/min. 
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TABLE 11 

Thermal oxide 
Composition ?lm BPSG ?lm NSG ?lm 

Example 9 15 29 24 
Example 10 5.4 26 20 
Example 11 2.0 23 15 
Example 12 1.2 22 12 
Example 13 0.7 17 8.4 
Example 14 3.5 25 14 
Example 15 3.1 23 13 
Example 16 0.5 20 9.5 
Example 17 0.3 18 8.4 
Example 18 0.2 15 5.2 
Example 19 5.3 17 17 
Example 20 3.1 15 14 
Example 21 0.7 14 10 
Example 22 0.4 13 8.3 
Example 23 0.2 10 5.8 
Example 24 3.8 10 6.9 
Example 25 1.4 9.3 5.7 
Example 26 0.5 8.2 4.3 
Example 27 0.3 7.8 3.4 
Example 28 0.2 6.1 2.4 

[0171] The results of Table 11 show that the composition 
of the invention can remove the polymer adhering to a 

thermal oxide ?lm, BPSG ?lm, NSG ?lm or like ?lms 
Without signi?cantly changing the shape of via hole. 

[0172] The results of Test Examples 8 to 11 shoW that the 
composition of the invention shoWs a loWer property of 
corroding metals than the polymer-removing compositions 
conventionally used, and can remove a polymer (deposits) 
Without signi?cantly changing the shape of via hole. Con 
sequently such composition can be suitably used as a 
composition for removing a polymer adhering to a side Wall 
of a metal gate, contact hole, via hole, capacitor, metal 
Wiring and the like, or as a composition for removing a resist 
residue after ion implantation or for removing an adhered 
polymer after dry etching in a single damascene or dual 
damascene process. The composition of the invention has a 
loW property of corroding metals, can etch a native oxide, 
and can remove polymeric deposits so that it can be suitably 
used as a composition for cleaning a contact hole and the 
like. Further the composition of the invention can be used 
also for cleaning after CMP because of its properties of 
rarely corroding metals and its capability of etching a native 
oxide. 
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1-18. (Canceled). 
19. A method of cleaning a semiconductor substrate 

having at least one of a metal gate, a contact hole, a via hole 
and a capacitor formed thereon using a composition com 
prising (1) at least one of ?uoride salts and hydrogendi?uo 
ride salts; (2) an organic solvent having a hetero atom or 
atoms; and (3) Water. 

20. A method of removing a polymer derived from a resist 
remaining on an article after etching or after ion implanta 
tion using a composition comprising (1) at least one of 
?uoride salts and hydrogendi?uoride salts; (2) an organic 
solvent having a hetero atom or atoms; and (3) Water. 

21. A method of producing a semiconductor device, 
comprising the steps of: forming a resist pattern on a Work 
layer consisting of an electroconductive layer on an insu 
lating layer over a semiconductor substrate composed of 
silicon; forming the Work layer into a speci?ed pattern by 
dry-etching using the resist as a mask; and cleaning the 
semiconductor substrate using a composition comprising (1) 
at least one of ?uoride salts and hydrogendi?uoride salts; (2) 
an organic solvent having a hetero atom or atoms; and (3) 
Water. 

22. A method of producing a semiconductor device, 
comprising the steps of: forming a speci?ed pattern of an 
electroconductive layer over a semiconductor substrate 
composed of silicon; forming an insulating layer on the 
electroconductive layer; forming a resist pattern on a Work 
layer consisting of an insulating layer; forming the Work 
layer into a speci?ed pattern by dry-etching using the resist 
as a mask; and cleaning the semiconductor substrate using a 
composition comprising (1) at least one of ?uoride salts and 
hydrogendi?uoride salts; (2) an organic solvent having a 
hetero atom or atoms; and (3) Water. 

23. A method of cleaning a treated surface after CMP 
treatment in a single damascene or dual damascene process, 
using a composition comprising (1) at least one of ?uoride 
salts and hydrogendi?uoride salts; (2) an organic solvent 
having a hetero atom or atoms; and (3) Water. 

24. A method of producing a semiconductor device, 
comprising the steps of: forming a Work layer comprising an 
electroconductive layer and an insulating layer coexisting on 
one surface of a semiconductor substrate by a single dama 
scene or dual damascene; and cleaning the Work layer using 
a composition comprising (1) at least one of ?uoride salts 
and hydrogendi?uoride salts; (2) an organic solvent having 
a hetero atom or atoms; and (3) Water. 


