
GLUCONIC ACID CONTAINING PHOTORESIST CLEANING COMPOSITION FOR MULTI-METAL
DEVICE PROCESSING FIELD OF THE INVENTION [0001] This invention relates to a
microelectronic photoresist cleaning composition suitable for cleaning
multi-metal microelectronic devices and to do so without any substantial or
significant galvanic corrosion occurring when there is a subsequent rinsing
step employing water. The invention also relates to a method for cleaning
such multi-metal microelectronic devices with the compositions of this
invention. BACKGROUND TO THE INVENTION [0002] When many of the currently
available alkaline based photoresist cleaning compositions are attempted to
be used in cleaning multi-metal (e.g., Al/Mo or Al/Ti) microelectronic
devices good cleaning does occur. However, when the following conventional
water rising step is employed to remove the cleaning composition from the
surfaces of the device there results an aqueous alkaline solution of
generally pH 9 or higher that upon contact with the a multi-metal stack on
the microelectronic device forms a galvanic current between the two or more
dissimilar metals that produces and accelerates electrochemical (galvanic)
corrosion. Thus, it has become necessary to have an "intermediate" rinse
step employed, such as with a conventional solvent, normally isopropanol
alcohol. This intermediate rinsing step is helpful in removing alkaline
compounds in the cleaning composition from the microelectronic device
before it comes into contact with water in the water rinse. This
intermediate rinse step is just another additional process step that should
be eliminated. Moreover, there is a need to provide a good cleaning
composition for multi-metal microelectronic devices that produces good
cleaning results while protecting the metals from galvanic corrosion.
SUMMARY OF THE INVENTION [0003] In accordance with this invention there is
provided a semi-aqueous, alkaline cleaning composition for cleaning a
multi-metal microelectronic device, the composition consisting of: 



(a) from about 10% to about 35% water; (b) from about 5% to about 15% of at
least one alkanolamine; (c) from about 10% to about 50% solvent selected
from the group consisting of Nmethyl pyrrolidinone or a mixture of N-methyl
pyrrolidinone and sulfolane;(d) from about 2% to about 10% of gluconic acid
or a compound producing gluconic acid by hydrolysis in water; (e) from
about 1% to about 8% of at least one oligoethylene glycol of the formula
HO(CH2CH2O)nCH2CH2OH wherein n is 1 or more; and (f) optionally from about
10% to about 40% of at least one diethylene glycol monoalkyl ether wherein
the alkyl group contains from 1 to 4 carbon atoms; wherein the percentages
are weight percent based on the total weight of the composition and when
the percentage of alkanolamine is equal to or less than 6% the amount of
N-methyl pyrrolidinone solvent in the composition is 20% or more, and when
the percentage of alkanolamine is 9% or more the amount on N-methyl
pyrrolidinone may be equal to or less than 20%. The cleaning compositions
of this invention are particularly useful to clean multimetal
microelectronic devices and inhibiting galvanic corrosion of metal in the
microelectronic device. The composition can be used at a temperature of
from about 500C to about 6O0C to clean the microelectronic device without
there being ay significant or substantial galvanic corrosion of the metal
in the device. DETAILED DESCRIPTION OF THE INVENTION [0004] The
semi-aqueous, alkaline cleaning compositions of this invention will have
from about 10% to about 35% by weight water present in the composition. The
water may be from water itself or as water that is part of an aqueous
solution of another component of the composition, or a mixture from both
sources. A preferred amount of water in the composition is about 10% to
about 30%, more preferably about 15% to about 30%, and still more
preferably about 18% to about 25% by weight. [0005] The at least one
alkanolamine may be any suitable alkanolamine, including 



alkanolamines of from 1 to 6, preferably 1 to 4, more preferably 1 to 3
carbon atoms. Especially preferred is mono isopropanol amine and
diethanolamine. The amount of alkanolamine component present in the
composition may be from about 5% to about 15%, preferably about 6% to about
0%, more particularly about 6% to about 8%, and still more particularly 6%
to 7%. [0006] The solvent(s) employed in the cleaning compositions of this
invention are either Nmethyl pyrrolidinone or a mixture of N-methyl
pyrrolidinone and sulfolane. The solvent(s) will be present in the
composition in an amount of from about 0% to about 20% sulfolane and from
about 10% to about 30% N-methyl pyrrolidinone. The total amount of solvent
will be from about 10% to about 50%, preferably about 20% to about 50%,
more preferably about 30%to about 50% and still more preferably about 30%
to about 40%. In the compositions of this invention when the percentage of
alkanolamine is equal to or less than 6% the amount of Nmethyl pyrrolidi
pone solvent in the composition is 20% or more and when the percentage of
alkanolamine is 9% or more the amount on N-methyl pyrrolidinone may be
equal to or less than 20%. [0007] Gluconic acid or a compounds producing
Gluconic acid upon hydrolysis in water is employed as the galvanic
corrosion inhibitor component of the composition. When gluconic acid is
employed it is generally employed as a 50% aqueous solution, with the 50%
water being part of the total amount of water permitted in the composition.
As an example of a compound producing gluconic acid upon hydrolysis there
may be mentioned gluconic acid d-lactone. The total amount of gluconic acid
in the composition as gluconic acid can be from about 25 to about 10%,
preferably about 2% to about 6%, mote preferably about 3% to about 6%, and
most preferably about 3%. Thus, when it is desired to have, for example, 3%
gluconic acid in the composition 6% of a 50% aqueous solution of gluconic
acid is employed. [0008] While gluconic acid has been found to be an
effective galvanic corrosion inhibitor in the cleaning compositions of this
invention it has been discovered that gluconic acid is not highly miscible
with organic solvents employed in the composition. At the time of
preparation 



of the cleaning compositions of this invention there is sufficient water in
the formulation and the miscibility is not a problem. However, water
evaporates during use of the cleaning composition, particularly when the
cleaning is conducted at a highly desirable temperature of from about 5O0C
to about 6O0C a phase separation has been found to occur and the cleaning
composition becomes cloudy. To overcome this problem and disadvantage it
has been discovered that the composition has to have present at least one
oligoethylene glycol component of the formula HO(CH2CH O)nCH2CH2OH wherein
n is 1 or more, preferably 1 to 4, present in the cleaning compositions of
this invention. The presence of this component inhibits or prevents the
phase separation from occurring and enables the cleaning compositions of
this invention to maintain the galvanic corrosion inhibition property of
the gluconic acid component. The oligoethylene glycol component is
preferably diethylene glycol, triethylene glycol, and tetraethylene glycol.
It is surprising that these oligoethylene glycol components are able to
inhibit or prevent the afore-mentioned phase separation and decrease in
galvanic coiTOsion inhibition in the compositions of this invention because
ethylene glycol and glycerol do not possess this ability to inhibit or
prevent the afore-mentioned phase separation and decrease in galvanic
corrosion inhibition in the compositions of this invention. The at lest
oneoligoethylene glycol will be present in the composition in an amount of
from about 1% to about 8%, preferably from about 2% to about 6%, more
preferably about 3% to about 5%, and still more preferably about 5%. [0009]
Optionally the cleaning compositions of this invention will have present in
the composition at least one diethylene glycol monoalkyl amine wherein the
alkyl group contains from 1 to 4 carbon atoms. It there is at least one
diethyleneglycol monoalkyl amine component present in the composition of
this invention, and preferably such component is present, it will be
present in an amount of from about 10% to about 40%, preferably about 10%
to about 30%, more preferably about 20% to about 30%, and still more
preferably about 25% to about 28%. [0010] The cleaning compositions of his
invention may be employed at any suitable cleaning temperature and time
sufficient to clean the multi-metal microelectronic devices of photoresist 



and other residues, such as plasma and etch residue, but particularly able
to be able to clean such multi-metal devices at a temperature of from about
5O0C to about 6O0C over a period of from about 30 to about 60 seconds and
to do so while galvanic corrosion of the metal in the device is inhibited
even when the cleaned device is subjected to a subsequent aqueous rinse.
[0011] The following Table 1 describes examples of cleaning compositions of
this invention. In this Table 1 and following Table 2 the following
abbreviations are employed. The percentages are percent by weight.
MIPA^Mono isopropanol amine DEA=Diethanolamine GLU=Gluconic acid-50%
aqueous solution d-LAC=Gluconic acid d-lactone SFL=Sulfolane NMP=N-Methyl
pyrrolidinone DEG=Diethylene glycol EG-Ethylene glycol TEG=Tetraethylene
glycol CAR=Carbitol (diethylene glycol monomethyl ether) GLY=Glycerol Table
1[0012] For evaluation of the above compositions A through I TFT glass
microelectronic substrates with AL/Ti bimetal lines were employed. The
substrates were processed is cleaning solutions at 5O0C to about 6O0C over
a period of from about 30 to about 60 seconds. The cleaned substrates were
then immersed in 55 solution of cleaner (95% water) for 1 to 3 minutes (to
simulate the environment of water rinsing without any intermediate rinse)
and then the magnitude of any galvanic corrosion was assessed. All the
above compositions A through I thoroughly cleaned the substrate without any
noticeable galvanic corrosion occurring and no cloudiness developing. 



[0013] For comparison purposes the following comparative compositions AA
through EE in Table 2 were formulated and subjected to the identical test
conditions. Table 2Composition AA without Gluconic acid has significant
galvanic corrosion. Compositions BB and CC, identical to Inventive
Composition A and B, except that ethylene glycol and glycerol were employed
instead of tetraethylene glycol. These comparative compositions BB and CC
developed undesirable cloudiness and experienced phase separation of the
gluconic acid. Comparative compositions DD and EE both developed noticeable
cloudiness lading to phase separation. The combination of low (6%) MIPA and
low (15%) NMP in said comparative compositions produced such results
whereas similar compositions of this invention wherein the percentage of
alkanolamine (MIPA) is equal to or less than 6% and the amount of NMP
solvent in the composition is 20% or more or when the percentage of
alkanolamine (MIPA) is 9% or more the amount on NMP is equal to or less
than 20% then such cloudiness and phase separation does not occur. Thus
either the MIPA or NMP solvent must be in the high range of their
concentration in the compositions of this invention, i.e., when the
percentage of alkanolamine is equal to or less than 6% the amount of
N-methyl pyrrolidinone solvent in the composition is 20% or more and when
the percentage of alkanolamine is 9% or more the amount on N-methyl
pyrrolidinone may be equal to or less than 20%. [0026] While the invention
has been described herein with reference to the specific embodiments
thereof, it will be appreciated that changes, modification and variations
can be made without departing from the spirit and scope of the inventive
concept disclosed herein. Accordingly, it is intended to embrace all such
changes, modification and variations that fall with the spirit and scope of
the appended claims.Claims: 1. A semi-aqueous, alkaline cleaning
composition for cleaning a multi-metal microelectronic device, the
composition consisting of: (a) from about 10% to about 35% water; (b) from
about 5% to about 15% of at least one alkanolamine; 



(c) from about 10% to about 50% solvent selected from the group consisting
of Nmethyl pyrrolidinone or a mixture of N-methyl pyrrolidinone and
sulfolane; (d) from about 2% to about 10% of gluconic acid or a compound
producing gluconic acid by hydrolysis in water; (e) from about 1% to about
8% of at least one oligoethylene glycol of the formula HO(CH2CH2O)nCH2CH2OH
wherein n is 1 or more; and (f) optionally from about 10% to about 40% of
at least one diethylene glycol monoalkyl ether wherein the alkyl group
contains from 1 to 4 carbon atoms; wherein the percentages are weight
percent based on the total weight of the composition and when the
percentage of alkanolamine is equal to or less than 6% the amount of
N-methyl pyrrolidinone solvent in the composition is 20% or more, and when
the percentage of alkanolamine is 9% or more the amount on N-methyl
pyrrolidinone may be equal to or less than 20%. 2. A semi-aqueous, alkaline
cleaning composition of claim 1 consisting of (a) from about 10% to about
30%water; (b) from about 6% to about 10% of at least one alkanolamine; (c)
from about 20% to about 50% of solvent; (d) from about 2% to about 6% of
gluconic acid or compound producing gluconic acid by hydrolysis in water;
(e) from about 2% to about 6% oligoethylene glycol of the formula
HO(CH2CH2O)nCH2CH2OH wherein n is 1, 2, 3 or 4; and (f) from about 20% to
about 30% of at least one diethylene glycol monoalkyl ether 3 . A
semi-aqueous, alkaline cleaning composition of claim 2 wherein: the
alkanolamine consists of mono isopropanol amine; the oligoethylene glycol
consists of tetraethylene glycol; and the diethylene glycol monoalkyl ether
consists of diethylene glycol monomethyl ether.4. A semi-aqueous, alkaline
cleaning composition of claim 2 consisting of 



15% to 30 % water; 6% to 8% mono isopropanol amine; from 10% to 30%
N-methyl pyrrolidinone and 0% to 20% sulfolane; 2% to 6% gluconic acid; 3%
to 5% oligoethylene glycol; and 20% to 30% diethylepe glycol monomethyl
ether 5. A semi-aqueous, alkaline cleaning composition of claim 1
consisting of about 28% water; about 6% mono isopropanol amine; about 10%
sulfolane and 20% N-methyl pyrrolidinone; about 3% gluconic acid; about 5%
te.methylene glycol; and about 28% diethyleneglycol monomethyl ether. 6. A
semi-aqueous, alkaline cleaning composition of claim 1 consisting of about
25% water; about 7% diethanolamine; about 40% N-methyl pyrrolidinone; about
5% gluconic acid d-lactone; about 3% tetraethylene glycol; and about 20%
diethylene glycol monomethyl ether. 7. A process for cleaning a multi-metal
microelectronic device comprising contacting the device with a cleaning
composition of any one of claims 1 to 6 for a time and at a temperature to
accomplish the cleaning of the device. 8. The process according to claim 7
wherein the cleaning is conducted at a temperature of about 5O0C to about
6O0C. 


