GLUCONI C ACI D CONTAI NI NG PHOTORESI ST CLEANI NG COMPCSI TI ON FOR MULTI - METAL
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step enployed, such as wiith a conventional solvent, nornally isopropanol
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conmpounds in the cleaning gampestdirD 1o PAENERTRINEl ectroni c device
before it comes into contact with water in the water rinse, This
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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 N-

methyl pyrrolidinene or a mixture of N-methyl pyrrolidinone and sulfolane;



(a) fromabout 10%to about 35% water; (b) from about 5% to about 15% of at
| east one al kanolam ne; (c) fromabout 10%to about 50% sol vent sel ected
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or a conpound (B} oddernabayt @c’brtﬁ’ @bo %y @WPB‘Fy@i oF & GRstpgpnd ?’B’)Lé“‘f‘?%m

about 1%t o about %?mw %db;@l@y&l&ol%m%a&e@oet hyI ene gI ycol of the formula
HO( CH2CH20) nCH2CH2 wherein n is or_ nore; optl onal ly from about

10% t o about 46P6 offfoay aborlgkde twi@uaﬁ%»tqfw leAs oge %&ﬂetlwlﬁﬁ%a vesJ 1oL dieriermither ei n
the al kyl group co%bﬁscﬁr@ ﬁgd}fioﬁ \Werrgggmalt&rﬁomvgg@r ein the percentages
a

are wei ght percent sed on total wei ght of the conposition and when
t he percent agdflof apticaldy éwrmebqus 18%utd 2oyt dP%l efsar lerrdrongsdiethdengngvgel of

N et byl pyrroli di o, 90l MENG i YASIGPIRASLELAR ot 2094 BlpdiRine;and when

the percentage of amne 1S e anmount on N-nethyl
pyrrol i di wherein ey pdienegesadre tweight pdrems bztslacann 2@%talTveight efzth¢ ngmpasinoognd i ons

of this inyvention are usef |.ean I
m cr oel ecVPBhitE p&bﬂ?ﬁﬂ%%%ﬂ!ﬁaqom ‘?y{s‘ 1gtél)l Vgﬁsﬁcﬁ%}o?%% gﬁ%% SR ¢ he
m cr oel ecpyrliiimontebleent ikhibe COMPOsiidn mzo%norbmows edld avhen thengmecreatagw ef of

from about. 500C .t o, about 6Q0C to cl ea m cr eI ectroni c devi.ce w t hout
there beij HknQIFIERGiSip 8%1H’l°‘eoﬁ?e§‘ﬂ‘8§’i‘ e‘@' fdénoél&n}ag SO &t al

in the dephs20%DEhAklekn SRbhON B ﬂ\’éﬁtléMEMﬂhﬁWar[l}Oﬁ)@ﬂil td blean I'l'lLlltl—
sem - aqueous, al kaline cleaning conp05| tions of this i pve tion .have

f r om aboumetrbacreslosient deyirss B iRAIDENE Spkipnis ccﬂ?oé’é’é Rf mefa! yfae ?frf"iuﬁn The

wat er may hgeel R RbSitdnt H8!tk WREd AS: WRpEHmEE frdn® aBdl 50T tRdboalEEOUSs
sol ution of another conponent of the conposition, or a mxture fromboth

sources. Aepr dEanicaglegimindowre wither thewe brgs EFragdianopr PbsERRLEReYs t o

about 30% mml gheiit 15%to about 30% and still nore
preferabl%lora outopq}gﬁto a out 5% by wei ght. [0005] The at |east one

al kanol am ne may be anPEIALEBIREMIRIBREIGOT AEE NidOhy

[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 10%, 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 N-
methyl 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%
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preparat| 812, 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 50°C to about 60°C, 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(CH,CH;0),CH,CH;OH wherein n is 1 or more, preferably I 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 glucontc 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
corrosion 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 one



of the cleaning conpositions of this invention there is sufficient water in
the formulation and the mscibility is not a problem However, water
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sufficient to W microelectronic devices of phot or esi st
DEA=Diethanolamine

GLU=Gluconic acid-50% aqueous solution
8-LAC=Gluconic acid d-lactone
SFL=Sulfolane
NMP=N-Methyl pyrrolidinone
DEG=Diethylene glycol
EG=Ethylene glycol
TEG=Tetracthylene glycol
CAR=Carbitol (diethylene glycol monomethyl ether)
GLY=Glycerol
Table 1
COMPOSITION| A | B | C | D E F G | H 1

Water 25 | 25 | 25 | 25 | 25 25 25 | 25 | 25




and ot her residues, such as plasm and etch residue, but particularly able
to be able to clean such nmulti-netal devices at a tenperature of from about
SQ0C to awoubivaEdsosover a period of from about 30 to abeutr/i8fmweesess and
to do so while_galvanic corrasion of the tal in the device-is-inhibited
even when the |cl eadd®Adevi de 6i s §ubj &cf el {o”a sfospglient Yaqueolis rinse.

[ 0011] The folrumnr 1abte [T degscribes[exanples of Ccleani ng |[cempositions of
this invention, l?ﬁls Table 1 and fo Ioquq Table| 2 the fallow ng

abbrevi ati ons are eBﬁLoyed The Ierdént dfes Hdre¢ per celt | by wei ght .
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1[0012] For evial ua®ilé¥ of the abové cohpositions A fhrolgh I TET gl ass

m croel ectroni c-suUbgERates W th AL/ Ti pimetal llinesTwer e gnml gyed. The
substrates werg_processed ils clieaning solutions at 5Q0Cltao gb 60Q0C over
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substrates with AL/Ti bimetal lines were employed. The substrates were processed is cleanmg

solutions at 50°C to about 60°C 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 2
COMPOSITION AA BB CC DD EE
Water 25 25 25 25
MIPA 6 6 6 6 6
SFL 10 10 10 10 10
NMP 20 20 20 15 15
GLU 6 6 6 6 6
TEG 1 5
EG 5
GLY 5
CAR 28 28 28 37 33




[ 0013] For conparison purposes the follow ng conparative conpositions AA
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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.



(c) from about 10%to about 50% sol vent selected fromthe group consisting
of Nmet hyl pyrrolidinone or a m xture of N-nmethyl pyrrolidinone and

sul f ol aneyo(djo/deesmsn about 2% to about 10% of gl uconi ¢ aecd/useo/oeEsPoUNd
produci ng gluconic acid by hydrolysis in water; (e) from about 1%to about
8% of at ¢lewsx one ol i goethyl ene glycol of the formula HO CH2CH20) nCH2CH2COH
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consi sts of diet nmononet hyl "ether. 4. A sem -aqueous, al kaline
cl eani ng wherpioghd paseentigescdraiveight poerst basedgn die 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;

(©) 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(CH,CH,0),CH,CH,OH wherein nis 1, 2, 3 or 4; and

() from about 20% to about 30% of at least one diethylene glycol monoalky! ether.

3. A semi-aqueous, alkaline cleaning composition of claim 2 wherein:
the alkanolamine consists of mono isopropanol amine,
the oligoethylene glycol consists of tetracthylene glycol; and

the diethylene glycol monoalkyl ether consists of diethylene glycol monomethyl ether.



15%to 30 %water; 6%to 8% nono isopropanol amne; from10%to 30%

N- et hyl pyrrolidinone and 0% to 20% sul fol ane; 2% to 6% gl uconic acid; 3%
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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% tetraethylene 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 -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 ¢laims 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 50°C to about 60°C.



