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Stripping and Cleaning Compositions

Field Of the Invention

The'present invention relates to stripping.and cleaning
compositions containing novel corrosion inhibitors. More
particularly, there is provided aliphatic dicarboxylic acid
compounds which are useful as corrosion 1nh1b1tors in both
ac1d1c comp051tlons whlch are free of ox1d121ng agents and

ba51c strlpplng and cleaning comp031tlons, partlcularly for -

_removal of photore51sts and re51dues from substrates

.Durlng_ anufacture of semlconductors and semlconduccor o
m1croc1rcu1ts, 1t 1s frequently necessary to coat the
substrates from which the semlconductors and microcircuits
are manufactured w1th a polymerlc organlc film, generally
referred to as a photoresist, e.g., a substance which forms
an etch resist upon exposure to light. These photoresists
are used to protect selected areas of the surface of the
substrate, while ‘the etchant selectiVely_attacks the
unprotected.area of:thersubstrate.

The substrate is typically a silicon dioxide coated
silicon wafer and may also contain metallic microcircuitry,
such as ‘aluminum or alloys, on the surfacer' Following
completion of the etching operation and washing away of the
residual etchant, it is necessary that the resist be removed -
from the protectlve surface. to permlt essential flnlshlng
operations. It is desirable to develop an 1mproved

stripping composition to remove the organic polymeric
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substrate from a coated inorganic subst¥ate without
corroding, diSsolving or dulling the=ﬁétal circuitry or
chemically altering the wafer substrate.

Presently used metal corrosion inhibitor additives for
photoresist strippers are aromatic compounds such as phenol
derivatives, catechol, pyrogallol, gallic acid, and the
like, which do not maintain corrosion inhibition in
compositions containing-more than 25 percent by weight of
water, especially for aluminum and aluminum and copper
substrates. However, high water contenf improves the
cleaning of the substrate to remove inorgaﬁic residue.

Phenols and hydroxyphenols are weak acids which
deprotonate in solutions with a pH above about 9, forming
mono- and di-anions which can chelate with metal cations
forming five, six and seven membered rings. Since they do
not deprotonate at lower pH values, they do not provide
adequate corrosion protection in stripping and/or cleaning
with pH values below about 9.

U.S. Patent no. 5,496,491 to Ward, which is
incorporated herein by reference, discloses a photoresist
stripping composition comprising a basic amine, a polar
solvent and an inhibitor which is the reaction product of an
alkanolamine and a bicyclic compound. However, aliphatic are
not disclosed as inhibitors.

U.S. Patent No. 5,597,420 to Ward which is herein
incorporated by reference discloses a stripping composition
free of hydroxylamine compounds which consists essentially

of monoethanolamine and water together with aromatic
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corrosion 1nh1b1tors.

- U.S. Patent No. 5,707,947 to Ward which is herein
incorporated.by.reference, dlsclosegrorganlc stripping
compositions which can be used with the corrosion inhibitors
of the present invention. |

U.S. Patentho. 4,617;251.to*8i2ensky, which is herein
incorporated?ny reference, discloseéﬁstripping compositions

in which thefinhibitOrs of the-preeent invention can be

utilized.

" U.S. Pat;'-.;_.ent ‘Nos . '5,'334,332 and'-_'$,275,771-'to Lee, which
are herein'ineqrporated by reference}-discioee agqueous and
organic stripéing compositions COnteining=hYdroxylamines in
which the in#ibitdrs of:the present  invention can be
utilized. ¥

U S. Patent Nos. 5, 571 447'and”5 698,503 to.Ward et al,
whlch are hereln incorporated by reference, discloge acidic
stripping comp051tlon in which the presently claimed .
corrosion 1nh1b1tors can'be utlllzegi

Publication WO 98/36045 of EKC Technology, Inc.

" discloses a composition for removal of -chemical residues

from metal orfdielectric'surfaces or for chemical mechanical
polishing of- copper in an aqueous solutlon having a pH
between 3.5 and 7 which contains a mono— di- or
trifunctional organic acid and a bufferlng amount of an
amine, hydrqulamine or hydrazine cqmpound. . These

compositions contain oxidizing agents. It is, therefore,

"highly desireble to provide stripping compositions that

exhibit substantially little human or environmental
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toxicity, are water miscible and are/}

pdegradable. It is
also desirable Eo provide stripping:ééﬁpositions that are
substantially non-flammable, non-corfosive, evidence
relatively little toxicity to humans as well as being
environmentally compatible.

In addition, it would be desirable to provide
photoresist stripping compositions that have a high degree
of stripping efficacy, particularly at lower temperatures
than generally required with prior stripping compositions.

It is also highly desirable that photoresist stripping
compositions be provided that exhibit subsﬁantially no
corrosive effects on the substrate.

It is further desirable to provide a stripping and
cleaning composition with a high water content so as to
efficiently remove inorganic residue.

Summary Of The - Invention:

The present invention relates to basic and acidic
stripping and/or cleaning compositions containing organic
polar solvents having improved corrosion inhibition and a
lower etch rate. More particularly, there is provided
corrosion inhibitors for use in either acidic or basic
stripping and/or cleaning compositions containing an organic
pelar solvent.

Accordingly, there is provided an aliphatic
dicarboxylic acid inhibitor of the general formula: HOOC-
R-COCH
wherein R is an alkyl group of 1-3 carbon atoms, an alkylene

group of 1-3 carbon atoms, a hydroxyalkyl group of 1-3
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carbon atoms’ or a d1hydroxyalky1 group of 1-3 carbon atoms,

- or the anhydrldes thereof in a corr051on inhibitory

effective amount

Advantageously, the strlpplng and cleaning compositions
contain water and basic amlnes 1nclud1ng Hydroxylamines at a
basic pH. |

' The'compo%itions of the invention are particularly
useful for reﬁoving'photoresists and residues on substrates.

It is-aVQeneral object of the invention to provide a
corrosion inhihitor which can be'used in basic or acidic
strlpplng and cleanlng compos1tlons. |

It is another object of the 1nventlon to provide a
corrosion 1nh;b1tor for strlpplng compositions for
photoresistshWhich maintain an acceptable level of corrosion
inhibition ihtthe presenqe of high leuels of water.-

It is a further object of the invention to provide an
agqueous strlpplng and- cleanlng compos1tlon for aluminum and
copper substrates which have a hlgh stripping and cleaning
efficacy. _

It is Stlll a further object of the invention to
provide corros1on inhibitors for semi- agqueous photoresist
stripping c0mpositions'which are less expensive and are

effective at low concentrations.

Brief'Description Of The Drawings

'Fig._l'shows'an aluminum.and oopper corrosion
inhibition efficiency curves at 50 uegrees C for malonic
acid in DMAC/water/choline hydroxide cleaner solution.

Fig. 2 A-D and SEM's showing stripper/cleaner
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performance on,Via wafers with an aliphatic and aromatic
inhibitors.

Description Of The Preferred Embodiméﬂﬁé_

According to the present invention there is provided
novel corrosion inhibitors for use in aqueous stripping
and/or cleaning compositions used in the semiconductor
industry. More particularly, the present inhibitors are for
use in acidic stripping and/or cleaning compositions which
are free of oxidants and in basic stripping and cleaning
compositions. The inhibitors of the invention are Aliphatic
dicarboxylic compounds of the general formﬁla: HOOC-R~-COOH
wherein R is an alkyl group of 1-3 carbon atoms, an alkylene
group of 1-3 carbon atoms, a hydroxyalkyl group of 1-3
carbon atoms, or the anhydrides thereof. The inhibitors of
the invention have pK. values equal to or less than 3.4.

The preferred inhibitors of the invention are malonic
acid, malonic anhydride, fumaric acid, fumaric anhydride,
maleic acid, maleic anhydride, malic acid, and malic
anhydride.

Corrosion inhibitors in an amount of up to about 15% by
weight can be added to the stripping compositions.
Preferably, the inhibitor concentration is from about 2 to
8% by weight, and most preferably, about 5% by weight.

The aliphatic bifunctional acids and their anhydrides
provide corrosion protection by physasorbtion and/or
chelation similar to the mechanism for phenol derivatives.
The dianions of these inhibitors can chelate with metal

cations and form stable five, six and seven membered rings.
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The smaller molecular gize df aiiphagic acids allows denser
surface coveréé%- | o

The use qf;anhydrideS'in basic;fsemiraqueous solvent
blends will reéglt-in-fdrmatiqn'of tpé acid, in situ.

The organié polar'sélven;s toucﬁ a broad range of
classes, including N;ﬁ-diakylalkanoyiamides, N-alkyl
lactams, lactpéés, écetéte estefs of: ethylene glycol ethers,
acetate esteréi§f'propy;§ne glycol éthers, aliphatic amides,
cyclic aliphatic sulfones,'eétérs;of'dibasic acids, cyclic
ketones, sulfoxides, ethér alcohols énd mixtures thereof.
Advaﬁtageously; useful solvehts inclﬁde diﬁethyl-sulfoxide,_

N,N—dimethylacétamide, N-methyl- 2-pyrrolidinone,

'y-butyrolactoné, isophorone,'carbitoi-acetate,-methyl

acetoxyprdpane,'aliphati¢'amides,”Cy¢1ic heterocyclics,
dimethyl'adipgﬁe, dimét?l;glutarate,-tetrahydrofuryl
alcohol, énd #he like. . ' :

The alkanélaminéé suitéblé for'uée in the present
invention are miscible Qith the hydroxylamine and are
preferably watér—soiuble;  Additiona11y, the alkanolamines
useful in the ?resent invention preferébly-have relatively
high boiling_p;ints; sﬁch aé fér éxample 100 degrees C. or
above, and a high flash point, such as for example 45

degrees C.'or'ébove. ‘Suitable alkanolamines are primary,

‘secondary or tertiary amines and are preferably monoamines,

diamines or triamines,'and, most preferably monoamines. The
alkanol group of the amines preferably has 1 to 5 carbon
atoms. '

Preferred alkanolamines suitable for use in. the present
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invention can. be represented by the chemlcal formula

RiR,-N-CH,CH2- O R3 wherein R; and Rz can be H, CHs,
CH:CH; or CHCH;OH and R, is CH;CH,OH.

Examples of suitable alkanolamlnes include

5 monoethanolamine, diethanolamine, triethanolamine,

tertiarybutyldiethanolamine isopropandlamine, 2-amino-1-
propanol, 3-amino-l-propanol, isobutanolamine, 2-amino-2-
ethoxyethanol, and 2-amino—2-ethoxy-propahol.

Other polar solvents suitable for use in the stripping

10 composition of the present invention include ethylene
glycol, ethylene glycol alkyl ether, diethflene glycol alkyl
ether, triethylene glycol alkyl ether, propylene glycol,
propylene glycol alkyl ether, dipropylene glycol alkyl

~ ether, tripropylene glycol alkyl ether, N-substituted.

15 pyrrolidone, ethylenediamine, and ethylenetriamine.
Additional polar solvents as known in the art can also be
used in the composition of the present invention.

It is understood that the inhibitor utilized in the
- present compositions depends on whether the compositions are

20 acidic or basic stripping and cleaning compositions. The
anhydrides are utilized in the acidic compositions.
Moreover, both the anhydrides and the aliphatic dicarboxylic
acid inhibitors are not utilized in acidic compositions
containing an oxidizing compound, for example, hydroxylamine

25 in an acidic medium.

The compositions of the invention are especially useful
and advantageous for numerous reasons among which may be

mentioned the following. The stripping compositions are
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water miscible, non-corrosive, non-flammable and of low
toxicity to humans and the environment. Because of the low
ambient vapor pressuré'of the'compoéitions they evidence

substantially less evépdration’than prior compositions and

'are non-reactive and environmentally compatible.

The éome§itidns7may béirecYcléd'for-multiple use or

easily disposed of in an envirohmentally'safe manner without

the necessity ﬁbr-bufdensomé"éafetyﬁprecautions;' Likewise,
a portion of the stripped coaﬁings méy be readily removed as
solids and collected for easy-dispoéal} The stripping
compositionsiéi this'i#vention evidence hiéher stripping
efficiency a£”10we: téhperatureé for a wide variety of

coatings and-substrates; MoteoVer,_the stripping -

: compositions'are easily'pxepared'by simply: mixing the -

components'at'£00mltemperatUre and thus reqﬁire-ndﬂspéCial
human or envi;énmental-safety pfecaﬁtibns.=iFurthermore, the
components Ofiﬁhe'stripbing co@positibns of this invention
provide-synergistic-stripping aétioﬁ:aﬁd permit readily and
sUbStantiallyﬁéomplete'removél_of'coatings from substrates.

The process'of't£¢ inveﬁtion is carried out by
contacting a éubStraﬁefcqntaining an organic or metal-
organic polymér;-inorganic-salt,'oxide,'hYdroxide or complex
or combinatiqn;thereof as a film or xésidue, (e.g. sidewall
polymer (SWP)), witﬁ-the deséribed gtripping'composition.
The actual coﬂditions, e.g.,'temperature, time, etc., depend
on the natu#e and thickﬂéés of thé éomplex (photoresist

and/or SWP) material to be removed, as well as other factors

:familiar'to-thoSe'skilled'in the art. 1In general, for
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stripping, the substrate is contacted or dipped into a

vessel contalnlng the stripping compds tlon at an elevated

temperature, preferably between 25 -ZQOTdegrees C. for a
period of about 1-15 minutes and then washed with water.
Representative organic polymeric materlals include
positive photoresists, electron beam resists, X-ray resists,
ion beam resists, and the like. Specific examples of
organic polymeric materials include positive resists
containing phenoclformaldehyde resins or poly (p-
vinylphenol), polymethylmethacrylate-containing resists, and
the like. Examples of plasma processing residues side wall
polymers (SWP) include among others, metal-organic complexes
and/or inorganic salts, oxides, hydroxides or complexes
which form films or residues either alone or in combination
with the organic polymer.resins.of-a photoresist. The
organic materials and/or SWP. can be removed from
conventional substrates known to those skilled in the art,

such as silicon, silicon dioxide, aluminum, aluminum alloys,

. copper, -copper alloys, etc.

Examples illustrating the removal of a coating from a
substrate under varying conditions are described further
below. The following examples are provided to further
illustrate the invention and are not intended to limit the
scope of the present invention.

' The amounts indicated are in percent by weight of
composition.
- Example 1

' An acidic stripping and cleaning composition having

10
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'blahket metal f£ilms on silicon'wafers. All test wafers

»

controlled dielectric etch capabilities is formed by
admixing the following ingredients:

Ingredient Wt%
DMAC - - - B7.5
Maleic Anhydride 8.0
Ammonium Fluoride (40%) .. _ 2.5
Acetic Acid = .- 12.0
Ammonium ‘acetate . - - S 15.6
“Water - ' .S.

. ' 100.00

The compoéition has a pH between 4 and 5.

‘Example 2.

An experiment was run to determine the quantitative
corrosion inhibition efficiency data for aluminum and copper
at 50 degrees C. Metal-etch rates were determined using a -

Veeco FPP5000 electrical ptobe-System,-which determines

- metal film thickness through resistivity measurements; and - -~ - &

~contained 1200A of thermal oxide underneath the metal film.. = -~ ¥

I is a quan;itative-measure of the effectiveness of the

corrosion inhibitor and'varieS'from 0% ( ineffective) to

- 100% (no coer?ion). ' Values < 0% denote enhanced

corrosion, most likely dque to increased solubility of the
chelation prodpct in the solvents téstéd. The order for
increasing qorrosién-inhibition for-éluminum and copper
films in the étripper/cleaner solution comprised of dimethly
acetamide (ﬁMAC); watér, and 45% choline hydroxide (wt% of
64/30/6) is;'Q-HQ < caﬁechoi < pyrogallol ethyl gallate <
gallic acid =7benzoiciacid < phthalic acid/anhydride. The

fact that benzoic acid provides the same protection as

11
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gallic acid indicatés that the cérboxylic acid group is

involved in chrosion inhibition. Th§ £§ct that ethyl
gallate did nogfﬁrovide the same 1eVé of corrosion
inhibition as gallic acid also indiééfés that the carboxylic
acid group is neéded for maximum corrosion inhibition. When
only phenolic hydroxy groups are available (i.e., catechol,
pyrogallol, and ethyl gallate) a lower level of corrosion
inhibition was achieved. The malonic acid offered improved
corrosion inhibition (i.e., had a larger T or a lower etch
rate) than catechol at a concentration of ~0.09M in the same
semi-aqueous, stripper/cleaner solvent matfix. Indeed, 1
wt% malonic acid provided better corrosion inhibition for
aluminum and copper than 5 wt% of 8-HQ, catechol,
pyrogallol, gallic acid, benzoic acid and benzotriazole.
Figufe-l contains aluminum and copper corrosion inhibition
efficiency curves at 50 degrees C for malonic acid in a
DMAC/water/choline hydroxide  stripper/cleaner solution. The

concentrations of malonic acid were varied from 0 to 0.096M.

- An extremely sharp rise in efficiency was observed for

copper corrosion inhibition and a more gradual increase in
efficiency was observed for aluminum corrosion inhibition as
the concentration of malonic acid was increased. At a
malonic acid concentration of 0.096M, the corrosion
inhibition efficiency was >95% for both aluminum and copper.

The results are shown in Table 1.

12
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. Table 1

Corrosion Inhibitor Efficiency (r) at 50 degrees C

for Al and Cu Films

' DMAC/H20/ Choline Hydroxide Matrix

- Tphibitor = “FW-

- 8-HQ 145 . . 9.51
-Catechol 110 9.85"
Pyrogallol = 126 ~9:80
Gallic Acid 170 4.41-
.. Benzotriazole 119 @ ---_.
..-Malonic Acid ‘104 2.83-
~Fumaric¢ Acid 116 3.03.
Maleic Acid 116 1.83
D,L-Malic 134  3.40
.Acid _
- Benzoic Acid 112 -4.19.
Phthalic - 166 - 2.89°
Acid ' '
Isophthalic 166 3.54
' Acid
Phthalic 152 -——
Anhydr.

FW and pKs were from CRC tables.

r = (1- ER/ER, ) x 100% which is'a quantltatlve measure of the effectiveness of the

inhibitor ranging from 0 to 100.

Etch rates determined for blanket films with a Veeco 5000FFP four point probe.

- Conc. (M)

0.069.
0.091
0.079 -
0.059

0084
0.096
10.086
- 0.086

0.075

~0.082

0.060
0.060

0.066

50

50
50
50
.10
- 99
0
77
77

50
17

50

50

Teoul%)

~=307 .
70

- 33

26
85
93

89

48

a8 .

85

78 -

89

0.

Cenc. (M)

-0
0 .

0
0
0

0

0.

0.

cocooo

.34
45
.40
.29
.42
.48
.43
o
.37

.41
0.

30

30

33

.98 .

98

99.8
99.9

100
99.8

99:9- -
99.9

99.9

99.9
99.9 .

100

100°

Solutions were run with magnetic stir agitation, 3' water rinse, and N, dry.

T (%) Teu(%).

-104

.26
-3

33

74
70

63
81

44
.18

85

85

0ISFI/IO OM .

97917/00S(1/1Od
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What Is Claimed Is

1. In bas1c and ac1d1c strlpplng and cleaning
composition for removal of organic aﬁd inorganic materials,
said comp031tlon comprising water and an organic polar
solvent, the improvement which comprises said composition
having an effective amount of an aliphatic corrosion
inhibitor of the general formula: HOOC-R-COOH wherein R is
an alkyl group of-1—3 carbon atoms, an alkylene group of 1-3
carbon atoms, a hydroxyalkyl group of 1-3 carbon atoms or a
dihydroxyalkyl group of 1-3 carbon atoms, or the anhydrides
thereof, with thé proviso that the acidic éompositions are
free of oxidizing compounds and that the anhydrides are
utilized in acidic compositions.

2. The composition of claim 1 comprising at least
about 25% by weight water.

3. The compésition of claim 2 wherein said water
content is about 30-95% by weight.

4. The composition of claim 1 wherein said inhibitor
is selected from the group consisting of malonic acid,
fumaric acid, maleic acid and malic acid.

5. The composition of claim 1 wherein the composition
is acidic and said inhibitor is an anhydride.

6. The composition of claim 1 wherein the composition
is basic and hydroxylamine is included.

7. The composition of claim 1 wherein said polar

solvent is dimethyl acetamide.

8. A basic stripping and cleaning composition

. comprising about 59% by weight monethanolamine, about 18% by

14
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weight hydroxylamine, about 18% by weight water and about 5%
by weight of malonic acid.
9. A process'for removingfa3coating from a coated

substrate comprising*applyingfto3said~coated substrate a

" stripping andgcleaning‘effeCtive amount of the composition

of claim 1, permitting said stripping composition to reside
on said coated substrate for a strlpplng effective period of
time and remov1ng the coatlng from sald substrate.

10. A process for remov1ng a coatlng from a coated
substrate compr1s1ng applylng to sa1d coated substrate a
stripping and cleanlng effectlve amount of the composition
of claim 2, permlttlng sa;d strlpplng comp051tlon to reside

on said coated'substrate for a stripping effective period of

- time and remo#ing the coating*from-said substrate.

11. A prQCess'forrremoving a coating from a coated
substrate coﬁprisingfapplyingfto said_coated substrate a
stripping and cleaning.effectiVe amount of the composition
of claim 3, permlttlng sald strlpplng ‘composition to reside
on said coated substrate for a strlpplng effective period of
time and remov1ng the coatlng from sa1d substrate.

12. A process for remov1ng a coatlng from a coated
substrate compr1s1ng applylng to. sa1d coated substrate a
stripping and cleanlng effective amount of the composition
of claim 6, permlttlng said strlpplng ‘composition to reside
on said coated substrate for a- strlpplng effective perlod of
time and remov;ng thegcoatlng from sald-substrate.

13. A process for;remOVing awcoating from a coated

substrate comprising applying to said coated substrate a

15
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stripping and cleanlng effective amount of the composition
of claim 7, permlttlng sald strlpplng comp031tlon to reside
on said coated substrate for a strlpplﬁg effectlve period of
tlme and remov1ng the coating from sald substrate.

14. A process for removing a coating from a coated
substrate comprising applying to said coated substrate a
stripping and cleaning effective amount of the composition
of claim 8, permitting said stripping composition to reside
on said coated substrate for a stripping effective period of

time and removing the coating from said substrate.

16



