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BACKGROUND OF THE INVENTION Field of the lnvention  The present invention
relates generally to chemical formulations that are useful in semiconductor
wafer fabrication and particularly to chemical formulations that are
utilized to remove residue from wafers following a resist plasma asking
step. More specifically, the present invention relates to cleaning
formulations for removal of inorganic residue from semiconductor wafers
containing delicate copper interconnecting structures. Description of the
Prior Art  Various chemical formulations are conventionally employed to
remove residue and clean wafers following a resist asking step. Some of
these chemical formulations include akaline compositions containing amines
and/or tetraalkyl ammonium hydroxides, water and/or other solvents, and
chelating agents. Such formulations have associated drawbacks which include
unwanted removal of metal or insulator layers and the promotion of
corrosion of desirable metal layers, particularly copper or copper alloys
features.   WO 02/057S13 PCT/US01 /a7289 Some of such formulations employ
corrosion-inhibiting additives to prevent undesirable copper metal
corrosion during the cleaning process. However, conventional
corrosion-inhibiting additives typically have detrimental effects on the
cleaning process because such additives interact with the residue and
inhibit dissolution of such residue in the cleaning fluid. Further,
conventional additives do not easily rinse off copper surfaces after
completion of the cleaning process and their presence results in
contamination of the integrated circuits. Contamination of the integrated
circuit will disadvantageously increase the electrical resistance of the
contaminated areas and cause unpredictable conducting failures within the
circuitry. It is therefore an object of the present invention to provide
chemical formulations that effectively remove residue following a resist
ashing step. It is another object to provide wafer cleaning formulations
that do not attack and potentially degrade delicate metal structures that
are meant to remain on the wafer. It is yet another object of the present
invention to provide a wafer cleaning formulation 



including an improved corrosion inhibitor for protection of copper
structures on the semiconductor substrate, in a compositional form that is
easily rinsed off by water or other rinse media after the completion of the
residue-removal process) thereby reducing contamination of the integrated
circuitry on the wafer substrate. Other objects and advantages of the
invention will become fully apparent from the ensuing disclosure and
appended claims, SUMMARY OF THE INVENTION 2     The present invention
relates to semiconductor wafer cleaning formulations having  utility for
cleaning of semiconductor wafers, e.g., in post plasma asking semiconductor
fabrication. In one aspect, the invention relates to a method of removing
residue from a wafer following a resist plasma asking step on such wafer,
comprising contacting the wafer with a cleaning formulation, including (i)
an organic amine, (ii) water, (iii) a nitrogen-containing carboxylic acid
or an imine, (iv) a 1,3-dicarbonyl chelating compound, (v) a polar organic
solvent, and optionally (vi) at least one other metal chelating agent.
Another aspect of the invention relates to a wafer cleaning formulation)
including (i) an organic amine) (ii) water, (iii) a nitrogen-containing
carboxylic acid or an imine, (iv) a 1,3 dicarbonyl chelating compound, (v)
a polar organic solvent, and optionally (vi) at least one other metal
chelating agent. In a further aspect, the invention relates to a
semiconductor wafer cleaning formulation for use in post plasma asking
semiconductor fabrication, comprising the following components in the
percentage by weight (based on the total weight of the formulation) ranges
shown: organic amines) water 1,3-dicarbonyl compound chelating agent
additional different chelating agents) nitrogen-containing carboxylic acid
or imine organic solvent 2-98% 



TOTAL 2-98% 0-50% 4.1-60% 0-25% 0.5-40% polar 100% The formulations of the
present invention effectively remove inorganic residues, especially metal
halide and metal oxide residues) following a plasma asking step. Such 3
formulations also significantly reduce undesirable corrosion or removal of
copper metal structures on the semiconductor wafer during their use. The
formulations of the present invention additionally leave less contamination
after the residue-removal process and therefore improve quality of the
resulting microelectronic device products. Other features and advantages of
the present invention will be from the ensuing disclosure and appended
claims. BRIEF DESCRIPTION OF THE DRAWINGS Figure 1 is a schematic
representation of a copper-specific corrosion inhibitor useful in the broad
practice of the present invention, which forms a protective layer on the
copper metal to prevent corrosion. Figure 2 is a schematic representation
of the copper-specific corrosion inhibitor being rinsed away from the
copper surface by deionized water. DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS The present invention relates to formulations that are suitable
for stripping inorganic wafer residues arising from high-density plasma
etching followed by ashing with oxygen 



containing plasmas. The formulations advantageously contain 1, 3-dicarbonyl
compounds and/or other metal chelating agents, nitrogen-containing carboxyl
acids or imines, amines, and water or other solvent as primary ingredients.
4      The preferred formulations comprise the following components in the
percentage by weight (based on the total weight of the formulation) ranges
shown: organic amines) 2-98% water 0-50% 1,3-dicarbonyl compound chelating
agent 0.1-60% additional different chelating agents) 0-25%
nitrogen-containing carboxylic acid or imine 0.5-40% polar organic solvent
2-98% TOTAL 100% The components of the formulation as described above can
be of any suitable type or species, as will be appreciated by those of
ordinary skill in the art. Specific illustrative and preferred formulation
components for each of the ingredients of the formulation are described
below) with specific components being identified with their preferred wt. %
concentrations in the formulation, on the total weight basis specified
above. Preferred amines include: pentamethyldiethylenetriamine (PMDETA)
5-95% triethanolamine (TEA) 5-95% Other amines that are highly advantageous
include: monoethanolamine diglycolamine diazabicyclo (2.2.2) octane
diethylenetriamine 3,3'-iminobis (N,N-dimethylpropylamine) s   WO 02/057513
N-methylimidazole tetraethylenepentamine triethylenetetramine
trimethoxyethoxyethylamine diethanolamine methyldiethanolamine
tetramethylhexanediamine N, N-diethylethanolamine Specific preferred
1,3-dicarbonyl compound chelating agents include: 2,4-pentanedione 2-90%
N,N-Dimethylacetoacetamide 2-90% methyl acetoacetate dimethylmalonate
15-70% 10-48.3% Other 1) 3-dicarbonyl compounds that are highly
advantageous include: N-methylacetoacetamide acetoacetamide malonamide 



The preferred nitrogen-containing carboxylic acids or imines include:
iminodiacetic acid0.5-2.5%glycine0.5-2.5%nitrilotriacetic
acid0.5-2.5%1,1,3,3-tetramethylguanidine0.5-2.5%  6   WO (12/0S7513
PCT/USO1/-t7289 Other nitrogen-containing carboxylic acids or imines that
are highly advantageous include: CH3C(=NCHZCHzOH)CHzC(O)N(CH3)2
CH~C(=NCHZCHZOCHZCHZOH)CHZC(O)N(CH3)z CH3C(=NH)CHZC(O)CH3
(CH3CH2)ZNC(=NH)N(CH3CH2)~ HOOCCHZN(CH3)z HOOCCHiN(CH3)CHZCOOH The
preferred solvents include: water 0-50% ethylene glycol 0-74%
N-methylpyrrolidone (NMP) 0-49% sulfolane 0-10% Preferred secondary or
alternative chelating agents optionally utilized in some of theformulations
of the invention include:ammonium pyrrolidinedithiocarbamate0-25%ammonium
carbamate0-15%ammonium oxalate0-15%ammonium thiocyanate0-15%ammonium
thiosulfate0-15%trifluoroacetic acid0-12%    WO 02/057513 PCT/11501 /-t
7289 The utilization of formulations containing 1,3-dicarbonyl compounds
and/or other metal chelating agents in combination with amines and a
solvent enables unique improvements of the art to be realized. The
inventive formulations provide better stripping performance and less
corrosivity than conventional wafer stripping formulations containing
catechol, amine, and solvent. The addition of nitrogen-containing
carboxylic acids or imines is another advantageous improvement of the
present invention. The nitrogen-containing carboxylic acids or imines
contain functional groups that are specifically attracted to free copper
atoms. As shown by Figure l, the copper-specific corrosion inhibiting agent
C, which contacts the copper surface during the residue-removal process,
will attach to the copper surface and form a protective layer to prevent
the copper surface being corroded by cleaning agents A+ and X-. Moreover,
as shown by Figure 2, such copper-specific corrosion-inhibiting agent C can
be easily rinsed off by deionized water or other rinse media and therefore
leaves very tittle contamination on the copper surface after the cleaning
operation is completed. The formulations of the invention may include a
wide variety of solvents, organic amines, chelating agents, and
nitrogen-containing carboxylic acids or imines, other than those
specifically exemplified. Particular 1,3-dicarbonyl compounds and related
compounds of suitable character include those of the formula: X-Cf-IR-Y 



wherein R is either a hydrogen atom or an aliphatic group, e.g., C~-C8
alkyl, aryl, alkenyl, etc., X and Y are the same as or different from one
another, and are functional groups containing multiply-bonded moieties with
electron-withdrawing properties, as for example CONHz, CONHR', CONR'R', CN)
NO2, SOR') or SOZZ, in which R' and R" are same or different and represent
a C,-C8 alkyl group and Z represents another atom or group, e.g., hydrogen,
halo or C,-C8 alkyl. 8   WO 02/US7513 PCT/USO1/.17289 Additional
nitrogen-containing carboxylic acids having utility in the broad practice
of the invention include those of the formula: COOH-CHZ-NRR' wherein each
of R and R' is independently selected from the group consisting of
hydrogen, alkyl, aryl, and carboxylic acid. Carbamate salts and
dialkyldithiocarbamates other than those specifically mentioned hereinabove
may be used as chelating agents in the broad practice of the invention.
Various other polar organic solvents may be used, e.g., alone or mixed with
water. The formulations of the invention optionally may also include such
components as surfactants, stabilizers, corrosion inhibitors) buffering
agents, and co-solvents, as useful or desired in a given end use
application of formulations of the invention. The formulations of the
present invention are particularly useful on wafers that have been etched
with chlorine- or fluorine-containing plasmas followed by oxygen plasma
asking. The residues generated by this type of processing typically contain
metal oxides. These residues are often difficult to dissolve completely
without causing corrosion of metal features required for effective device
performance. The features and advantages of the invention are more fully
shown by the following non limiting examples. EXAMPLE 1 Copper-specific
corrosion inhibitors including either nitrogen-containing carboxylic acids
or imines were tested in two different types of alkaline cleaning
formulations, with the following components and characteristics. TABLE 1 9 



WO 02/0~7~13 PCT/US111/.t7289 ComponentsTemp.pHCopper Etch Rate
(A/min)Formulation 1Dimethylacetoacetamide)Amine) and
Water706.217.4Formulation 2Ammonium
Fluoride,Triethanolamine,pentamethdiethylenetriamine, and408.67.5Water The
copper etch rate was determined by a standard four-point probe technique.
Addition of corrosion inhibitors in accordance with the present invention
significantly slowed down the copper etch rate, as shown by the following
table, and effectively prevented undesirable corrosion during the cleaning
process: TABLE 2  Corrosion Inhibitor Temp. (C) Formulation Used
Concentration (%) pH of solutionCopper Etch Rate (A/min)Reduction of Etch
Rate (%)Iminodiacetic
Acid4021.58.01-2-73.386.7Glycine4021.59.23.6-52.0Nitrilotriacetic
Acid402I.58.23.6-52.01,i,3,3-tetramethylguanidine4021.58.73.4-54.7CH3C(=NCH
iCH20H)CH~ C(O)N(CH~)2 70 



t 24 10.9 6.2 -64.4CHaC(=NCHzCHiOCHzCHZOH) CHzC(O)N(CH3)~ 70 I 36 10.7 0.32
-98.2CH3C(=NH)CH~C(O)CH~40Zi3.687.94.4-4I.3 EXAMPLE 2 to   WO 02/OS7S13
PCTIUS01/~7289 A contamination test is carried out on formulation 2
containing iminodiacetic acid inhibitor. The semiconductor wafer to be
cleaned contained copper and silicon films. After the completion of the
cleaning operation, the wafer was rinsed by deionized water at 25C for
about 15 minutes. The Secondary Ion Mass Spectrometry data (SIMS) obtained
are as follows: Cu (atoms/cm )F (atoms/cm )C (atoms/cm )CuxO (A)Uncleaned
Wafer1.6 x 10"'3.3 x 10"7.5 x 10"42Cleaned Wafer8.5 x 10y5.1 x 10"1.5 x
10"15 The foregoing results show that the copper oxide CuxO has been
effectively removed by the cleaning process, white carbon contamination,
which is mainly caused by the organic corrosion inhibitors in the cleaning
formulation, has been greatly reduced. While the invention has been
described herein with reference to specific features, aspects, and
embodiments, it will be appreciated that the invention is not thus limited.
The invention therefore may correspondingly embodied in a wide variety of
compositions, with corresponding variations of ingredients, and end-use
applications. The invention therefore is to be understood as encompassing
all such variations, modifications and alternative embodiments, within the
spirit and scope of the invention as hereafter claimed. 11 



WO 02/OS7S13 THE CLAIMS What is claimed is: PCT/USU1/~7289 1. A
semiconductor wafer cleaning formulation for use in post plasma asking
semiconductor fabrication, comprising the following components in the
percentage by weight (based on the total weight of the formulation) ranges
shown: organic amines) water 1,3-dicarbonyl compound chelating agent
additional different chelating agents) nitrogen-containing carboxylic acid
or imine organic solvent 2-98% TOTAL 2-98% 0-50% 0.1-60% 0-25% 0.5-40%
l00%. polar 2. The cleaning formulation as described in claim 1 wherein
said organic amines) comprise a compound selected from the group consisting
of: pentamethyldiethylenetriamine (PMDETA) 5-95% triethanolamine (TEA)
5-95%. 3. The cleaning formulation of claim 1 wherein said 1,3-dicarbonyl
compound chelating agent comprises a compound selected from the group
consisting of: 2,4-Pentanedione 2-90% N,N-Dimethylacetoacetamide 2-90
methyl acetoacetate 15-70% dimethylmalonate 10-48.3%. ~z   WO 02/057s13
PCT/USO1/~7289 4. The cleaning formulation of claim 1 wherein said
nitrogen-containing carboxylic acid or imine comprises a compound selected
from the group consisting of: iminodiacetic acrd (IDA) glycine
nitrilotriacetic acid (NT,~) i , I ,3,3-tetramethylguanidine (T~(G)
O.S-2.5% O.S-2.S% O.S-2.5% O.S-2.S'o. S. The cleaning fol~rnulation of
claim I ~herein said polar organic sole ent comprises a sol~~ent species
selected from the group consisting of: ethylene glycol 0-74%
N-methylpyrrolodone (NNiPj 0-49% sulfolane 0-10/0. 



6. The cleaning fonulation of claim I Therein said additional different
chelating agents) comprise a species selected from the group consisting of:
ammonium pyrrolidinedithiocarbamate0-2S%ammonium carbamate0-I ~%anunonium
oxalate0-IS%ammonium thiocyanate0- I S%ammonium
thiosulfate0-IS~otrifluoroacetic acid0-12%. 7. The cleaning formulation of
claim I wherein said organic amines) comprise a species selected from the
group consisting of: monoethanolamine 13   WO 02/057513 PCT/USO1/-t7289
diglycolamine pentamethyldiethylenetriamine (P~4DETA) triethanolamine
(TE.~) diazabicyclo (2.2.2) octane diethylenetriamine 3,3'-iminobis
(N,N-dimethylpropylamine) N-methylimidazole tetraethylenepentamine
triethylenetetramine trimethoxyethoxyethylamine diethanolamine
methyldiethanolamine tetrameth`~Ihexanediamine N) N-diethylcthanolamine. 8.
The cleaning formulation of claim l wherein said 1,3-dicarbonyl compound
chelating agent comprises a compound selected from the group consisting of:
2,4-pentanedione methyl acetoacetate dimeth~~lmalonate
N-metl~lacetoacetamide N, N-Dimethylacetoacetamide acetoacetamide
malonamide. 9. The cleaning formulation of claim I ) wherein said
nitrogen-containing carboxyl acid or imine is selected from the group
consisting of: is   WO (12/07513 tmmOd~aceUC acid (1DA) glycine 



nitrilotriacetic acid (NTA) 1, I ,3,-tetramethvlguanidine (TI`1G)
CHiC(=NCN~CH~OH)CHZC(O)N(CH3)2 CHiC(=NCH~CH~OCH~CH~OH)CH~C(O)N(CH3),
CHsC(=NH)CH~C(O)CH~ (CH~CH~)~NC(=NH)N(CH~CH=)Z HOOCCH:N(CHs)~
HOOCCH~NICH,)CH~COOH. PCT/USO1/~7289 10. The cleaning fornmlation of claim
1 wherein said organic amines) comprise a compound selected from the group
consisting of: pentamethyldiethvlenetriamine (PI\tDET.A) S-95%
triethanolamine (TEA) 5-95% said I ,3-dicarbonyl compound chelating agent
comprises a compound selected from the group consisting of:
2,4-pentanedione 2-90% N) N-Dimethylacetoacetamide 2-90 % methyl
acetoacetate I S-70% dimethylmalonate 0-48.3% said nitrogen-containing
carboxylic acid or imine comprises a compound selected from the group
consisting of: iminodiacetic acid (1DA) glycine 0.5-2.5% 0.5-2.5% ~s   WO
U2/OS7~13 nitril'otriacetic acid (NTA) l, l,3,3-tetramethylguanidine (TMG)
0.5-2.5% 0.5-2.5% PCT/US01/~7289 and said polar organic solvent comprises a
solvent species selected from the group consisting of: ethylene glycol
0-74% N-methylpyrrolodone (NMP) 0-49% sulfolane 0-10%. 1 I . The cleaning
formulation of claim 1 comprising a chelating agent having the formula:
X-CHR-Y in which R is either hydrogen or an aliphatic group and X and Y are
functional groups containing multiply bonded moieties having
electronwithdrawing properties. l2. The cleaning formulation of claim 11
wherein each of X and Y is independently selected from CONHz, CONHR',
CONR'R", CN, NOz, SOR', and SOzZ in which R' and R" are alkyl and Z is
hydrogen, halo, or alkyl. l3. The cleaning Formulation of claim l, wherein
said nitrogen-containing carboxylic acid has the formula: COOH-CHz-N RR'
wherein each of R and R' is independently selected from the group
consisting of 5 hydrogen, alkyl, aryl, and carboxylic acids. 



14. A method for fabricating a semiconductor wafer including the steps
comprising: plasma etching a metalized layer from a surface of the wafer;
plasma ashing a resist from the surface of the wafer; 16   WO 02/OS7S13
PCTIUSO1/.17289 cleariing the ~~ afer with a semiconductor water cleaning
tbrtnulation comprising the following components in the percentage by
weight (based on the total weight of the formulation) ranges shoe n:
organic amine(sj 2-98'0 water 0-SO% 1,3-dicarbonyl compound chelating agent
0.1-60,'0 additional different chelating agent(sj 0-25%0
nitrogen-containing carboxylic acid or imine 0.5-40% polar oceanic solvent
2-98ro TOTAL 100~'0. I ~, The method of claim 14 wherein said organic
amines) comprises a compound selected from the group consisting of:
Pentamethvldiethylenetriamine (P(\-1DETA) 5-95io Triethanolamine (TE,A)
5-95,%. 16. The method of claim 14 wherein said 1,3-dicarbonyl compound
chelating agent comprises a compound selected from the group consisting of:
2,4-pentanedione 2-90~0 N, N-Dimethylacetoacetamide 2-90 %o methyl
acetoacetate 15-700 dimethylmalonate 10-48.3%. I ". The method of claim 14
wherein said nitrogen-containing carboxylic acid or imine comprises a
compound selected from the group consisting of:   WO 02/0S7513
iminodiacetic acid (IDA) glycine nitrilotriacetic acid (NTA) 1, I
,3,3-tetramethylguanidme (TI`IG) PCTI USO1/:L7289 0.5-2.5 0.5-2,5% 0.5-2.5%
0.5-2.5io, 18. The method of claim 14 ~~~herein said polar organic sol~~ent
comprises a sol~~ent species selected from the group consisting of:
ethylene glycol 0-?4io N-methylpywolodone (NI`-IP) 0-=19% sulfolane 0- I
0%. 19. The method of claim I:~ ~herein said additional different chelating
agents) comprises a compound selected from the group consisting of:
arrunonium pyrrolidinedithiocarbamate0-25%ammonium carbamate0- I
S%oammonium oxalate0- I S%ammonium thiocvanate0-15%ammonium
thiosulfate0-15%trifluoroacetic acidG-12%. 20. The method of claim I G
wherein said organic amines) comprises a compound selected from the group
consisting of: 



pentamethyldiethylenetriamine (PhIDET.A) monoethanolamine diglycolamine
triethanolamine (TE,A) is   WO 02/OS7S13 PCT/USO1/~7289 diazxbtcyclo
(2.2.2) octane diethylenetriamine 3,3'-iminobis (N,N-dimethylpropylamine)
N-methylimidazole tetraethylenepentamine trielhvlenetetramine
trimethox~~etho~~~eth~~lamine diethanolamine methyldiethanolamine
tetramethylhexanediamine N) N-diethylethanolamine. 21. The method of claim
14 wherein said l,3-dicarbonyl compound chelating agent comprises a
compound selected from the group consisting of: 2,4-pentanedione N)
N-Dimethylacetoacetamide meth~~l acetoacetate dimethylmalonate
N-methylacetoacetamide acetoacetamide malonamide. 22. The method of claim
14) ~t~herein said nitrogen-containing carboxyl acid or imine comprises a
compound selected from the group consisting of: iminodiacetic acid (ID.A) '
glycine 19   WO 02/057S13 nitrilotriacetic acid (NT,~) I
,1,3,-tetramethylguanidine (TRIG) CH3C(=NCH,CH~OH)CH=C(O)N(CH;)2 CH;
C(=NCHZCH~OCH~CHZOH)CH~C(O)N(CH3)Z CH;C(=NH)CHzC(O)CH;
(CH3CHZ)~NC(=Nl-I)N(CH;CH~)~ HOOCCH=N(CH,) HOOCCHZN(CHi)CH~COOH.
PCT/US01/~7289 23. The method of claim 14 wherein said organic amine(sl
comprises a compound selected from the group consisting of:
pentamethyldiethylenetriamine (PI4-1DET,~) ~-95/0 triethanolamine (TES)
5-95'0. said I ,3-dicarbonyl compound chelating comprises a compound
selected from the group consisting of: 2,4-pentanedione2-90ioN,
N-Dimethylacetoacetamide2-90methyl acetoacetateIdimethvlmalonate10-~g~3'
said nitrogen-containing carboxylic acid or imine comprises a compound
selected from the group consisting of: iminodiacetic acid (1DA) glycine
0.5-2.5% 0.5-2.~% zo 



WO 02/057s13 nitrilotriacetic acid (NTA) 1,1,3,3-tetramethylguanidine
(ThIG) PCT/U SO 1 /-47289 0.~-Z.5% 0, 5-2, S% and said polar organic
solvent comprises a compound selected from the group consisting of:
ethylene glycol 0-'4% N-methylpyrrolodone (NhtP) 0-49% sulfolane 0-10.b.
24. The method of claim 14 wherein the formulation comprises a chelating
agent having the formula: X-CHR-1' In \'111C11 R is either hydrogen or an
aliphatic group and X and 1' are functional groups containing multiply
bonded moieties having electron withdrawing properties. 25. The method of
claim 2:1 wherein each of X and ~' is independently selected from CONH~,
CONHR') CONR'R") CN) NO,, SOR', and SO;Z in which R' and R" are alkyl and Z
is hydrogen, halo, or alkyl. 2G. The method of claim 14, comprising a
nitrogen-containing carboxylic acid having the formula: COOH-CH,-NRR'
wherein each of R and R' is independently selected from the group
consisting of 5 hydrogen) alkyl, ayl, and carboxylic acids. Z%. A method of
removing residue from a wafer following a resist plasma ashing step on said
wafer, comprising contacting the wafer ~~~ith a cleaning formulation)
including (i) organic zi   WO 02/057S13 PCT/US(11/-t7289 amme(s), (ii)
water, (m) 1,3-dicarbonyl compound chelating agent, (iv) nitrogen-contammg
carboxylic acid or imine) (v) polar organic solvent) and optionally (vi)
additional different 10 chelating agent(s). 28. A wafer cleaning
formulation, including (i) organic amine(s)) (iil water, (iii) 1,3
dicarbonyl compound chelating agent, (iv) nitrogen-containing carboxylic
acid or imine, (v) polar organic solvent) and optionally (vi) additional
different chelating agent(s). 15 zz 
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