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TITLE OF THE INVENTION:
STRIPPER SOLUTIONS AND METHODS OF USING STRIPPER SOLUTIONS

CROSS-REFERENCE TO RELATED APPLICATIONS

[O001]  This application claims the benefi of U.S. Provisional Patent Application Na.
§2/565 938, filed September 28, 2017, and U.S. Patent Application No. 18/144,710, filed
September 27, 2018, the entirety of both of which are incorporated herein by reference as if
fully set forth.

BACKGROUND OF THE INVENTION

f0002] The present disclosure relates to a siripping agent that may be a back-end-ofline
stripping agent for use in the methods of fabricating circuits or forming slectrodes andfor
packaging/bumping applications on semiconductor devices for semiconducior infegrated
circuits or liquid crystal displays, semiconductar devices made with the new stripping agent,
and further to processes of producing semiconductor devices using the siripping agent and
processes for producing the stripping agent.

0003} The technology of fabricating semiconductor inlegrated circuits has advanced with
regard to the number of ransistors, capacitors and other electronic devices which can be
fabricated on a single integrated cireuit chip. This increasing level of integration has resulted in
large part from a reduction in the minimum feature sizes of the integrated circuits and an
increase in the number of layers which make up the integrated circult. Today's design features,
generglly referred to as "sub-micron” have dropped below 0.25 microns. The manufacture of
integrated circuit components having this reduced size and the need o reduce production steps
has placed new demands on afl aspects of thelr production including the removat of resists and
related materials with chemical stripper solutions.

[0004] Semiconductor devices for semiconductor integrated circuits or liquid orysial displays
are commonly produced by a process including the steps of coaling a substirate with one or
more layers of polymeric resist materials fo provide a resist film, patierning the photosensitive
resist film by exposure o Hight and subsequent development; efching sxposed portions of the
substrate using the patterned resist film as a mask {o form minute circuits; and removing the
resist film from the inorganic substrate. Alternatively, after forming minute circuits, the post stch
residues can be ashed and the remaining resist residues removed from the substrate with a
post efch residue remover. This portion of circuit fabrication is referred to as the back-end-of
line (BEOL} fabrication. What is needed is a stripper solution which can remove remaining
phiotoresists and post efch residuesin a single step.
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[O0BSE] A superior stripper solution should provide ong or more of the following benefits: (a)
quickly and cleanly remove all resist residues, efch residuas and refated materials at moderate
{o fow temperatures without requiting a final ashing or post elch removal step, (b) have an
acceptable effect on the exposed components on the substrate, particularly the silicon oxide
and metals, {c) have a substantial capacily to dissolve and/or suspend resist and/or post etch
residue to forestall precipitation and/or re-deposition of solid onto the wafer necessitating the
early disposal of the stripper solution, {d) completely remove the photoresist from all surfaces
and edges of the substrate or wafer (0 be cleansd, {8} be safe to use in a manufacturing
environment, {f} have an acceptable shelflife and (g) be backward compatible with lower
technotogy nodes. A superior stripper solution should also quickly remove resist residues in a
rewark process without substrate damage. Finally, supenior siripper solutions should exhilsit
minimal toxiclly. This present disclosure addresses and resolves these needs that may be used
in BEOL.

BRIEF SUMMARY OF THE INVENTION

(0008} A geners! object of the present invention is fo provide a compostiion for removing 8
photoresist, residue, and related materials that can be used in 3 hack-end-ofding operation, &
method for whilizing the composition in the manufacture of a semiconductar striciwre, and a
semiconductor structure manufactured utitizing the composition. Preferred embodiments of the
composition can be wilized withowt stching or otherwise damaging metals andior diglectric
material cortained in or onvthe semiconductor structure on the substrate fo be cleaned. As used
herein, the term “resist” refers o a pholoresist or resist material, g post elch residus, org
combination thereof.

[0007] One aspect of the present disclosure is a stripper composition which includes one or
more than one organic solvent, water, one or more than one hydroxylamine andfor derivative of
hydroxylamine or mixtures thareof, one or more than one gquaternary ammonium hydroxide, one
or morse than one corrosion inhibitor and optionally one or more than one surfactant. Sultable
gquaternary ammonium hydroxides are represented by formula |, provided below:
T*@
Rza?sli-R*’

'R‘B

where R, R?, R¥ and R* are atkyt groups, aryl groups, or a combination thereof having
collectively at least 5 carbons. The preferred stripper solutions contain substantially no
tetramethylammonium hydroxide, that is they are substantially free of or free of
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tetrametiylammonium bydroxide. The stripper solution also comprises hydroxylaming or
derivatives thersof. For some stripper solitions, the organic solvent is polar aprotic salvent, for
example, dimethyl sulfoxide (DMSO).

[0008] Water content for the preferred solutions generally ranges from about 1 1o about 30 wt
%, or from about 7 to about 25 wit %, or from about 1 10 about 15wl %, or from about '3 to abiout
8wt 9%. However, the oplimum amount of water can vary depending on the selection of the

other components and thelr proportions.

[0009] The one or more than one corrosion inhibitor may be any corrosion inhibitor or
inhibitors that protect copper including gromatic hydroxyl compounds, acetylenic aloahols,
carboxy! group-cantaining organic compounds and anhydrides theredf, triazole compounds and
imidazole compounds or mixdures thereof. The corrosion inhibitor may be benzotriazole,
carboxybenzotriazole, amino-benzotriazole, D-fructose, -butyl catechol, L-ascorbic acld,
vanillin, saficylic acid, diethvt hydroxylamine, poly{ethylensimine}, o-tolyitiazole, m-tolyliriazole,
p-tolyitriazole or 2-mercaptobenzimidazole or mixtures thersof. The stripper may comprise from
about 0.1 o about 15 wt %, from about 0.1 to about 10 wt %, from about 0.5 to abot B wt %, or
from about 0.1 to about 1 wif% of the one or more than one conrosion inhibitors.

{00101  In another aspect of the invention, alone or with other aspects, the one or miore
surfactants, if present, in the composition may be any known surfactant such as amphoteric
salts, cationic surfaciants, anionic surfactants, awitterdonic surfactants, non-jonic surfactants,
and combinations thereof. Several axamples of useful surfactants include bis(2-
sthythexyliphosphate, perfiuorchepiancic acld, prefluorodecancic acid, irifluoromethanssulfonic
acid, phosphonoacetic acid, dodecenyisuccinic acid, dioctadecyt hydrogen phosphate,
octadecy! dihydrogen phosphate, dodecylamine, dodecenylsuccinic acid monadiethano! amide,
lauric acid, palmitic acid, oleic acid, juniperic acid, 12-hydroxystearic acid and dodecyl
phosphate. Examples of useful amounts of surfactants include from about 0.001 {o about 15
wi¥e, or front about (.1 to about 1 wite, or from about 0.001 to about 1 wi%, or from about 8.5
to about & wit% of said one or more than one surfactant.

[0011] For some embadiments, the pH of the composition will be greater than 7, or greater
than 8, or greater than 9, or greater than 10, or greater than 11. in some embodiments the pH
may be greater than 7, 8, 8, 10 or 11 and less than or equal o 12.2 or 12.

{0012] The stripper solutions described herein may be used fo remove photoresists, eteh
residues, and the like in a variety of applications including, but not imited to (i) high dose
implant resist removal, (it} post elch residue in gate formation, {iii) post efch residug in floating
gate formation, (iv} re-work applications and (V) back-and-of-the-line applications.
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[0013] Ancther object of the present disclosure is to provide a method for removing a resist
film from & substrate In a process, which may be a hack-snd-afthe line (BEOGL) process. The
method includes the steps of providing & substrate having a component selected from the
group consisting of photoresists, photoresist residues, and the like thereon, and contacting the
substrate with a composition including the stripper solution, which may be a BECL stripper
solution, to effect removal of the photoresist and related materials. Pholoresists, positive or
negative photoresists, photoresist residues, and the like are collectively referred 1o hersin as
"resists." The resist may be a single layer or bilaver. |n addition 1o resisis, stching residues
may also be reamoved. Preferred stripper solutions used in the contacting step include those
described above, The step of contacting can involve immersion of a substrate in 3 stripper
solution or by spraying the stripper solution onto the subsirate using a spray tool, with or
without other cleaning aids such as, for example, megasonics. Further steps following
contacting can involve the additionsa! steps of removing the subsirate from contact with the
stripper solution and/or rinsing the subsirate with an appropriate solvent or water. During the
contacting step, the stripper solution is preferably maintained at a temperature of at least about
10°C. and more preferably at a femperature ranging from about 158°C, o about 28°C or 10°C to
80°C . In some embodiments, the stripper composition is effective without heating the stripper
composition, that is, the temperature of the stripper composition may be less than 40°C, or less
than 35°C or less than 30°C during the contacting step.

[0014] Another object of the present disclosure is to provide an electronic interconnect
structure prepared in part by removing resists, resist residues, and the fike from a substrate
having metal components according to the method described above (o produce an interconnect
structure with a reduced number of stching processes and providing reduced damage 1o the
structure. FIG. @ Hlustrates one example of a typical electronic ntercannect structure having
trenches 1 and 2 interconnected through via 3 within two dielectric layers 5 and 6 separated by
a barmier layer 4. Trenches 1 and 2 and via 3 are typically filled with a metal such as copper,
aluminum, or alloys containing these metals. Corrosion and/or elching of these metals are
typically reduced when the preferred stripper solutions are utifized in the preparation of the
electronic interconnects.

[0015] Another object of the present disclosure is to provide an integrated dircull device
obiainable in part by processing wafers (substrates) containing metal compaonenis to remave
resist residues according 1o the method described above with reduced metal efching. FIG. 10
iflustrates a typical integrated circuit device having a plurality of computer chips 10
interconnected through chip routers 20,
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[0018] A sl further object of the present disclosure is to provide a method for preparing a
stripper solution of this invention by providing a container; providing the compeanents of g
stripper solution; and adding the components o the container to provide contents within the
container. Providing components can include providing individual components, a composition
containing various components, or combinations thereof, Further, adding componenis of a
stripper solution can involve adding individual components, premixed components, and/or a
preformed stripper solution containing provided components in substantially any order,
Preferred components include one or more than one organic solvent {that may be polar aprotic
organic solvent), watar, one or more than one hydroxylamine or dervative of hydroxylamine or
a mixiure thereof, one or more than one corrosion inhibitor, optional one or more than one
surfactant and ohve or more than one quaternary ammoniuny hydroxide, where the gquaternary
ammonium hydroxide(s} has the formula

?1
REN-R*

L
[0017] where RY, R% R¥and' R are atkyl groups, aryl groups, or a combination thereof having
collectively at least 5 carbons. A containgr can include substantially any vessel capable of
holding a stripper solution and includes a typical container used for shipping or transporting a
liquid product, equipment used fo contain stripper solutions for use processing substrates to
remove photoresists and/or etch residues. As used herein a vessel includes equipment used to
hold and/or transport a stripper solution during the processing of substrates and includes, but is
not limited to, holding and transfer vessels including any pipe system used to transport a
stripper solution.

[0018] In addition, several specific aspects of the systems and methods of the present
invention are outlined below.

{0018] Aspect 1. A stripper solution for removing g resist from a substrate comprising one or
more than one organic solvent, water, hydroxylamine or one or more than one derivative of
hydroxylamine, one or more than one corrosion inhibitor, optional one ar more than one
surfactant, and one or more than one quaternary ammonium hydroxide, wherein the quatemary
ammonium hydroxide has the formula:

R?

R"E-i\?f-ﬁ‘
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QS
where RY, R? R® and RY are alkyl groups, bensyl, aryl groups, or a combination thereof having
collectively at least 5 carbons.

[0020] Aspect 2 The stripper solution of aspect 1 wherein RY, R%, R* and R* are G-C; alky
groups, Gi-Cy banzyl, C-Ca aryl groups, or a combination thereof.

{0021] Aspect 3. The stripper solution of any of the preceding aspects, wherein the
guaternary ammonium hydroxide is selectad from the group consisting of
ethyitrimethylammonium hydroxide, benzyitdmethylammonium hydroxide, tetrasthylammonium
hydroxide, and tetrabutylammanium hydroxide.

[0022] Aspect 4. The stripper solution of any of the preceding aspects, wherein the sttipper
solution contains substantially free of tetramethylammonium hydroxide.

00231 Aspect 5 The siripper solution of any of the preceding aspects, wherein the siripper
solution comprises from about 1 1o about 20 wit guatemary ammonium hydroxide.

00241 Aspect 6 The stripper solution of any of the preceding aspects, whersin the stripper
solution comprises from about 1 to about 7 wi% quatemary ammonium hydroxide,

fO025] Aspect 7: The stripper solution of any of the preceding aspects, whearein the stripper
solution comprises from about 1.5 o about 4 wtts quaternary ammonium hydroxide.

[0028] Aspect 8: The stripper solution of any of the preceding aspects, wherein the stripper
solution comprrises from about 1.75 1o aboul 3.75 wite quatemary armmaniuny hydroxide,
[00271 Aspect O The stripper solution of any of the preceding aspects, wherein the organic
solvent is selected from the group consisting of dimethyl sulfoxide, N-methyl:2-pyrrolidone,

N N-dimethylacetamide, N N-dimethylformamide, N,N-dimethylimidazole, y-butyrolactone,
sulfolane, 2-pyrrolidinone, t-methyl-2-pyrrolidinong, t-ethyb2-pyrralidinone, 1-propyl-2~
pyrrofidinone, 1-hydroxyethyl-2-pyrolidinone, 1-hydroxypropyl-2-pyriolidinone, diethylene glycol
monoalky! ethers, dialkyl sulfones, tetrahydrothiophene-1, 1-dioxides, polyethylene glycol.

(00281 Aspect 100 The stripper solution of any of the preceding aspects, whergin the organic
solvent is dimethy! sulfoxide.

{00281 Aspect 11: The siripper solution of any of the precsding aspects, wherein the
composition comprises from about 20% to about 98% of the solvent,

[0030] Aspect 12: The siripper solution of any of the preceding aspects, wherein the
composition comprises from about 40% to about 85% of the solvent.

-B-
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[0031] Aspect 13: The stripper solution of any of the preceding aspects, wherain the
composition comprises from about 80% to about 80% of the solvent.

f0032] Aspect 14: The stripper solution of any of the preceding aspecis comprising
hydroxylamine.

[0033] Aspect 15: The siripper solution of any of Aspects 1-13, comprising hydroxylamine
derivative,
{0034] Aspect 16 The stripper solution of any of Aspects 1-13 and 15, wherein said

hydroxylamine derivative is selected from the group consisting of DEHA, isopropyt
hydroxylamine or salts of hydroxylamine.

f0038] Aspect 17 The siripper solution of any of Aspects 1-13 and 15-18, wherein said
composition comprises hydroylaming or ang or mora than one hydroxylaming derivalive of

mixfures thereof In amount of from about 0.1 to about 10 wi 9%,

[0036] Aspect 18: The stripper sclution of any of Aspects 1-13 and 15-16, wherein said
composition comprises hydroxylamine or one or more than on hydroxylamine derivative or
mixtures thersof in amount of from about 0.1 to about 5wt 3.

[0037] Aspect 18 The siripper solution of any of Aspects 1-13 and 156-16, wherein said

composition comprises hydroxyiamine or one or more than on hydroxylamine derivative or
mixtures thereof in amount of from about 0.1 to about 1. 8wt %

[0038] Aspect 20: The stripper solution of any of Aspects 1-13 and 15-18, wherein said
composition comprises water iy an amount from about 1 to about 30 wt %,

f0038] Aspect 21: The stripper solution of any of Aspects 1-13 and 15-18, wherein said
composilion comprises water in an amount from-about 1 to about S wit %.

[0040] Aspect 22: The siripper solution of any of Aspects 1-13 and 15-186, wherein said
composition comprises water in an amount from about 3.5 0 abowt 8 wit %.

[0041] Aspect 23: The stripper sojution of any of Aspacts 1-13 and 15-18, wherein said
composition comprises water in an amount from about 4.4 to about 8 wi %.

{0042] Aspect 24: The siripper solution of any of the preceding aspects, wherein the corrosion

inhibitor is selected from the group consisting of aromatic hydroxyt compounds, acetvlenic
alcahols, carboxyl group-containing erganic compounds and anhydrides thereof, riazole
compounds and imidazole compounds.

[0043] Aspect 25 The siripper solution of any of Aspects 1-23, wherein the corrosion inhibitor

is selected from the group consisting of benzotriazole, carboxybenzotriazole, amino-
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banzotriazole, D-Fuctose, thuby catechol, L-ascorbic acid, vanillin, saficylic acid, diethyl
hydroxylamine, poly{ethyleneimine), and 2-mercaptobenzimidazole.

f0044] Aspect 26: The stripper solution of any of Aspects 1-23, wherein the corrosion inhibitor
is selected from the group consisting of benzotriazole, o-tolyitiazole, m-tolyltriazole, and p-
tolytiriazole.

[0045] Aspect 27 The stripper sclution of any of the preceding aspects, wherein the siripper
solution comprises from abowt 0.1 to about 15 wi % of said corrosion inhibitor,

[o048] Aspect 28: The stripper solution of any of the preceding aspects, wherein the stripper
solution comprises from about (.1 to about 10 wi % of said corrosion inhibitor,

[0647]1 Aspect 29 The siripper solution of any of the praceding aspects, wherein the siripper
sofution comprisas from about 0.5 10 about B wit %of said corrosion inhibitor

[D048] Aspect 30: The stripper solution of any of the preceding aspects, wherein the stripper
solution comprises from about 0.1 to about 1 wi% of said comrosion inhibitor,

f0049] Aspect 31: The stripper solution of any of the preceding aspects comprising surfactant,
whereln the surfaciant is selected from the group consisting of amphoteric salts, cationic
surfactants, anionic surfactants, zwitterionic surfactants, non-ionic surfactants, and
combinations thereof.

{00501 Aspect 32: The stripper solution of any of the preceding aspecls comprising surfactant,
wherain the surfactant js selected from the group consisting of bis{Z-ethythexyhphosphate,
perfluoroheptancic acid, preflucrodecancic agid, triffuaromethanesuifonic acid,
phosphonoacetic acid, dodecenyisuccinic acid, divciadecy! hydrogen phosphate, octadecyt
dihydrogen phosphate, dodecylamine, dodecenyisuccinic acid menedisthano! amide, lawrne
acid, palmitic acld, oleic acid, juniperic adid, 12 hydroxysiearic acid and dodecy! phosphate.

[0081] Aspect 33: The stripper solution of any of the preceding aspects, wherein the stripper
solution comprises from about 0.001 to about 18 wi% of said ane or more than one surfactant.

[0052] Aspect 34: The stripper solution of any of the preceding aspects, wherein the stripper
solution comprises from about 0.1 fo about 1 wi% of said one or more than one surfactant.

[0053] Aspect 38: The stripper solution of any of the preceding aspects, wherein the stripper
solution comprises from about 0.001 to about 1 wids of said ane or more than one surfactant.

[0084] Aspect 38: The stripper solution of any of the preceding aspects, wherein the stripper
sofution comprises from about 0.5 to about 5 wi% of said one or more than one surfactant.
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[00858] Aspect 37: The stripper solution of any of {the preceding aspects, wherein the solvent
cormpwises fram about 80% to abowd 88% of the composition; water comprises from about 3.6
witt to about 8 with of the compasition; the quatemary ammonium hydroxide comprises from
about 1 witd 1o abowt § witt of the composition; and the hydroxylamine or hydroxylaming
derivative or mixture thereof comprises mors than zero but less than 2 wi%, the corrosion
inhibitor comprises from about 0.1 {o about 5 wi%, and the surfactant comprises from about

{.01 fo about 5 wt % of the composition,

[0056] Aspect 38: The siripper solution of any of the preceding aspects, wherein the solvent
comprises fram about 80% o about 80% of the composition; water comprises from abowt 3.5
wi% to about 8 wi% of the composition; the quaternary ammoniuny hydroxide comprises from
aboui 1 wit% to about 5 wiSe of the composition; and the hydroxylamine or hydroxylaming
derivative or mixture thereof comprises from about 0.5 but to 1.5 wi%, the corrosion inhibitor
comprises from about 0.1 to about 8 wi%, and the surfactant comprises from about 0.01 fo
about 3 wt % of the composition,.

f0087] Aspect 35 A method for removing a resist from a substrate comprising: (a) providing a
subsirate having a resist thereon; {b) contacling the substrate with & stripper sclution for g fime
sufficient to remove the resist; (€} removing the substrate from the stripping solution; and ()
rinsing the siripper solution fron the substrate with a solvant, wherain the step of contacting the
stibstrate with a stripper solution of any of the preceding claims.

f0058] Aspect 40: The method of aspect 38, wherein contacting the substrate with a stripper
sotution includes immersing the substrate in the siripping solution with agitation at a
temperature of at least about 40 °C.

f0059] Aspect41: The method of Aspect 39, wherein cantacting the substrate with a stripper

solution includes immersing the subsirate in the stripping sclution with agitation at a
temperature of less than 40 °C.

{0060] Aspect 42: The method of any of Aspecis 3841, whersin contacting the substrate with
a stripper solution includes spraying the stripper solution onto the substrate, wherein the
stripper solution is at a tfemperature of at least about 40 *C,

[0081] Aspect 437 The method of any of Aspects 3841, wherein contacting the substrate with

a stripper solution includes spraying the stipper solution onto the substrate, whersin the
strippef solution is at a temperature of less than about 40 °C.
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[00B2] Aspect 44: The method of any of Aspects 3843, wherain contacting the subsirate with
a siripper solutiondncludes contacting the substrate with g stripper solution substantially free of
tetramethylammonium hydroxide.

[0063] Aspect 45; The method of any of Aspects 38-44, wherein providing a substrate having
a resist thereon, involves providing a substrate having a resist which is a bilayer resist having
twa polymer layers.,

[0084] Aspect 48; The method of any of Aspects 39-44, wherein providing a substrale having
a resist thereon, involves providing a substrate having a resist which is a bilayer resist having
one inorganic layer and one polymer layer.

[006S5] Aspect 47 An electronic device prepared according to the method cormprising: (8}
providing a substrate having a resist thereon; () contacting the substrate with a sripper
sofution for a time sufficient o remove a desired amount of resist; {c} removing the substrate
from the stripping solution; and {d} rinsing the stripper solution from the substrate with g
solvent, wherein contacting the subsirate with a stripper solution involves contacting the
substrate with a stripper solulion of any of Aspects 1-38.

[0066] Aspect 48: A method for preparing 2 stripper solution comprising the acts of: {a)
providing a container; (b} providing components of the stripper solution compaosition; and {¢)
adding sald components of said stripper solution 1o sald container {o provide comtents, wherein
said providing components invelves providing one or more than one organic solvent, water, one
or more than one corrosion inhibitor, hydroxylamine or one or more than one hydroxylamine
derivative or mixtures thereof, optional one or more than one surfactant and one or more than
one quatemary ammonivm hdroxide, the one or more than one quaternary ammonium
hydroxide having the formula

ﬁ‘k
i
RZN-RY

|

;‘;Q(S
where RY, R?, R® and R are alkyl groups, benzyl, aryl groups, or a combination thereof Having
collectively at least 5 carbons.

[0067] Aspect 49 The stripper solution of any of Aspects, 1-23, wherein the corrosion
inhibitor comprises benzotriazole.

-1 -
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BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS

[0068] FIG. 1 provides an optical microscope {OM) (top view) of wafer edge surface after an

unsuccessiul cleaning procedure that would be considered not clean (NC).

[0069] FIG. 2 provides an OM (fop view) of wafer edge surface after an unsuccessful cleaning
procedure that would be considered not clean (NC).

0070 FiG. 3 provides an OM {top view) of wafer edge swface after an unsuccessiul cleaning
procedures that would be considerad not clean (NG

[007T1] FIG. 4 provides an OM (lop view) of wafer edge surface after an unsuccessful cleaning
procedure that would be considered not clean (NC), but is better than the cleaning resuit shown
in FiG. 3.

[0072] FIG. 5 provides an OM {fop view) of wafer edge surface affer an unsuccessful cleaning
procedure that would be considered clean (C).

[0073] FIG, 6 provides an OM {top view) of wafer edge surface after an.unsuccessful cleaning
procedure that would be considered clean {C).

[0074] FIG. 7 provides an SEM (il view} of wafer edge sidewall after an unsuccassiul
cleaning procedure that would be considered not clean {NC}.

[007T8} FIG. 8 provides an SEM {tilt view) of wafer sdge sidewsalt alter a successiul cleaning
procedure that would be considered clean (C).

[0076] FIG. 9 Mustrates an electronic interconnect structure.

[0077] FiIG. 10 illustrates an electronic device containing a phurality of electronic interconnect
structures.

[0078] FIG. 11 are a top view and side view of the wafers used to make the test coupons
used in the examples.

DETALLED DESCRIPTION OF THE INVENTION

f0079] The use of the terms "a" and "an” and "the" and similar referents in the context of
describing the invention {especially in the context of the following claims) are fo be construed to
cover both the singular and the plural, unless atherwise indicated herein or clearly coniradicted
by context. The terms "comprising,” “having.” “including.” and “containing” are o be construed
as apen-ended terms (i.e., meaning “including, but not limited {0.”) unless otherwise noted and
include additional components and method steps. Recitation of ranges of values herein are
merely intended to serve as a shorthand method of referring individually to each separate value

- 11 -
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fafling within the range, unless otherwise indicated herein, and sach separate value s
incorporated info the specification as if it were individually recited herein. All methods
described herein can be performed in any suitable order unless otherwise indicated hersin or
otherwise clearly contradicted by context. The use of any and all examples, or exemplary
language {&.g., “such as"} provided herein, is intended merely fo batter fluminate the invention
and does not pose a limitation on the scope of the invention unless otherwise claimed. No
languags in the specification should be construed as indicating any non-claimed slement as
essantial to the practice of the invention. The use of the term "comprising” in the specification
and the claims to describe the composition and method includes the more narrow language of
“consisting essentially of" and "consisting of’ as if they were set forth.

[ooan] it will be understood that the term "sificon” as deposited as a materiaton a
microglectronic device will include polysilicon,

[0081] For ease of reference, “substrate” includes any substrate for a microelectronic device”
and corrasponds to semiconductor substrates, for examples wafers, flat panet! displays, phase
change memory devices, solar panels and other products including solar substrates,
photoveoltaics, and microelectromechanical systenis (MEMS), manufactured for use in
microslectronic, integrated circudt, or computer chip applications. Salar subsirates include, but
are not limited to, silicon, amorphous silicon; polycrystafiine silicon, monporystalline sificon,
CdTe, copper indium selenids, copper indium suifids, and gallium arsenide on gallffum,. The
solar substrates may be doped or undoped. i is to be understood that the term "substrate” is
not meant to be limiting in any way and includes any substrate that will eventually become or is
part of a microelecitronic device, microslectronic assembly or integrated circuit. The substrate
may have electronic interconnect structures thereon before or after cleaning with the
composition of this invention. The substrate may include any number of materals or layers or
portions of layers present on a non-conductive support. The materials may comprise
dietactrics, (such as high K dielectrics, andfor low K dislectrics) andfor barrier materials andior
capping materials and/or metal layers andior others known to persons of skill. The subsirates
may comprise copper and/or sificon oxide on a non-conductive support.

[0082] As defined herein, “low-k diglectric material” corresponds (o any material used as a
digleckic material in a layered microelectronic device, wherein the material has a dislectic
constant iess than about 3.5, Preferably, the low-k dislectric materials include low-polarity
materials such as silicon-containing organic polymers, siticon-cortaining hybrid
organic/inorganic materials, organosilicate glass (OSG), TEQS, fluorinated silicate glass (FSG),
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silicon dioxide, and carbon-doped made {CDQY glass. s to be appreciated that the low-K
diglectric materials may have varying densities and varying porosiies.

f0083] As defined herein, “high-x dielectric material® refers to a material with a high dielectric
constant k (as compared to silicon dioxide}. High-k dislectrics may be used to replace a siicon
diontide gate dielectric or another dielectric layer of a microslectronic device. The high-k
material may be hafrium dioxide {HfO,), hafnium oxynitride (HFON), zirconium dioxide (ZrQy),
zirconium oxynitride (ZrON3, aluminum oxide (AG;), aluminum oxynitride {AION), hafnium
silicon oxide (HISIO,), hafnium aluminum oxide (HAIQ), zirconium silicon oxide {(ZrSiGy),
tantalum dioxide (Tax0s), aluminum oxide, Y03, LasOs, anium oxide (TIDy), aluminum doped
hafmium dioxide, bismuth strontium tanium (BST), or platinum zirconium titantum (PZT}

[0084] As defined herein, the term “bamier material” corresponds to any material used in the
art to seal the metal lines, e.g., coppser interconnects, to minimize the diffusion of said metal,
e.g.. copper, into the dielectric material. Preferved barrier layer materials include tantalum,
fitaniurm, ruthenium, bafnium, and other refractory metals and their nitrides and silicides.

f0085] “Substantially free” is defined herein as less than 0.001 wi. %. “Substantially free” also

includes 0.000 wt. %. The term “free of means 0.000 wt. % or less.
{0086] As used herein, "about" is intended o correspond to 5% of the stated value.

{00871  In all such compositions, wherein specific components of the composition are
discussed in reference fo weight percentage ranges including & zero lower limif, will be
understood that such components may be present of absent in various specific embodiments of
the composition, and that in instances where such components are present, they may be
present at concentrations as low as 0.001 weight percent, based on the total weight of the
composition in which such components are employsd. Unless otherwise defined, all the
amounts reported herein are in weight percent based on the total weight of the composition,
thatis 100%.

[0088] As used hevein, back-end-of line refers to the part of infegrated drcuit fabrication
where fransistors, resistors, and the like are interconnected with the wiring. The portion of
fabrication typically begins with patterning for the first metal contact or with depaosition of the
first layer of metal onlo the wafer.

f0088] The compositions sccording to this present disclosure include stripper solution, that
may be back end of the line stripper solutions comprising one or more than one organic solvent
{that may be one or mare than one polar aprotic solvent), water, hydroxylamine or pne or more
than one derivative of hydroxylamine of mixlures thereof, one or more than ons optional
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surfactant, one or more than one corrosion inhibvitor, and one or more than ang guaternary
ammonium hydroxide. Preferred siripper solutions comprise dimethyl sulfoxide, water,
hydroxyiaming, surfactant, corrosion inhibitor and quaternary ammonium hydroxide represented
by the following formuda:

R'{
RAN-R?

where R, % R and RY are the same or different alkyl groups, aryl groups, or any combination
of those groups. In some embodiments R?, R, R® and R* are not all methyl groups. Preferred
R, R% R® and R are independently selected from {C+-Cs) atkyl, benzyl, aryt and combinations
thereof. In soms embodiments, the number of carbons included in RY, R, R* and R is at feast
5.

[0080] Examples of guaternary ammoenium hydroxides that may be used in the composition of
this invention include one o more than one of ethyl tnimeathyl gmmonium hydroxide,
benzyltrimethylammonium hydroxide, tefraethylammonium hydroxide and tetrabuly! ammoniam
hydroxide. The preferred quatemary ammonium hydroxide is tetrasthylammonium hydroxide.
Particularly preferred stripper solutions contain less than 0.1 wi% TMAHN or are also
substantially free or freg of fetramethylammonium hydroxide {"TMAM"). A stripper solution that
contains less than 0.001 wi % TMAH is considered to be substantially free of TMAR, Free of
TMAH is 3 stripper composition that contains less than 0.000 wi% TMAH. TMAH is suspected
of causing injury 1o the human body. "Substantially free of” also includes "free of’. The terms
“substantially free off or “free of with the same wi% meanings just described will be used below
to describe other components that are not present or may only be present in small amounts in

the stripper compositions of this invention.

{0681} The amount of the one or more than one quaternary ammonium hydroxide (neat) used
in the compasitions of this invention may be fom about 1 with to about 10 wit, or from about {
wi% to about 20 wiS; or from about 1 to about 7 wi %, or from about 1 fo about § wt %, or from
about 1.2 fo about 4.5 wi¥%; or from about 1.5 to about 4 wi%s; or from about 1.75 {o about 3.75
wt % of the one or more than one quaternary ammonium hydroxide based on the entire weight
of the composition. Additional ranges of the total amount of the quaternary ammonium
hydroxide {neat} useful in the composition of this invention may be selacted from the following
list of endpoints for those ranges: 0.5, 1, 1.2, 1.5, 1.8, 1.75, 2,25, 3,35,3.758,3.9, 4, 458, 5,
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5.8, 7,10, 12, 15, and 20. One of the aspeacis of this inveation, v some embodiments, is that
good cleaning results can be gchieved with relatively low amounts of quatermnary ammonium
hydroxide.

[0082] Hydroxylamine or one or more than ons of the denlvatives of hydroxylamine or
mixtures of hydroxylamine and derivative{s) thereof may be used in the compositions of this
invention. Derivatives of hydroxylamine include N N-Diethyi hydroxylamine (DEHA),
isopropylhydroxylamine, or salts of hydryoxylaming, such as hydroxylammonium chioride, or
hydroxylammonium sulfate. In some embodiments, the derivatives of hydroxylamines and the
compositions of this invention are free or substantially fres of salts of hydeonylamine. Suitabls
levels of the required hydroxylamine or derivatives of hydroxylamine or mixtures thereof (neat)
may be present in the composition from about 0.1 wit% 10 about 10 wi%, or from about 8.1 to
about 5 wi %; or from about 0.1 to about 3 wi %: or from about 0.1 1o about 1.8 wi %; or from
about 0.4 fo about 1.7 wi %; or from about 0.5 {o about 1.5 wi %; or from about 0.3 t0 about 1.3
wl % based on the total weight of the composition. The hydroxylamine or the one or more than
one derivatives of hydroxylamine or mixdures thereof may be present in the composition in an
amount {total amount) greater than or equal to 0.001 wi%e and less than 2 wi%. In addition o
the ranges above, the {total) amount of the hydroxylamine and/or one or more than one
derivative of hydroxylamine or mixtures thereof {neat) present in the composition of this
invention may be any range having the start and end points from the following Hist of weight
percents: 0.1,02,03,05,07,08, 1, 13,16, 17,18, 2, 24,26, 3,33,36,4, 43,446, 5,
55,6,65 7,75, 8 85, 9and 10

f0093] The compositions of this invention comprise water, {D water or other purified water)
fram about 1% to aboul 15% water, or fom about 1% fo about 30 wid%, orfrom about 1 o about
10 wt % or from about 1 to about 8 wt % or from about 3.5 10 abouwt 9wt %; or from about 4 to
about 8.5 wt %; or from about 4.4 {0 about 8 wi %; or from about 4.8 to about 7.6 wt % based
on the total weight of the compasition. The total amoun of water present (added and/or from
any source, such as, from an agueocus solution of a component added {o the composition) in
the stripper composition may be any range having the start and end points from the following
list of weight percents: 01,02, 03,085 07,08, 1, 1.3, 1.5, 1.7, 1.8, 2, 24,28, 3,33, 38, 4,

[0084] The compositions of the present invention comgyise one or more than one organic

solvent. Examples of useful solvents include the following list of solvents: dimethylsulfoxide, N-
methyl-2-pyrrofidone, N .N-dimethylacetamide, N .N-dimethylformamide, N N-dimethylimidazote,
y-butyrolactone, sulfolane, 2-pyrrolidinone, 1-methyl-2-pymrolidinone, 1-ethyl-2-pyrrolidinans, 1-
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propyi-2-pyrrofidinons; 1-bydroxyethyl-2-pyrolidinanes, t-hydroxypropyb-2-pyrrolidinone,
diathylene glycot monoalky! ethers, dialkyl sulfones, tetrahydrothiophene-1, 1-dioxides, or
polyathylens glycol or mixtures thereof.  The preferred solvent is polar aprotic solvert, for
example, dimethylsulfoxide. The stripping compositions may contain froim about 20 to about 85
wit%, or from about 40 to about 80 wi% solvents, or from aboud 80 to about 80 wi% solvent(s).
Alternatively, the concentrations of the one or more than one organic solvent may range from
about 80 10 about 98 wi%, or from about 82 to about 86 wite, or from about 85 to about 85 wi%
or from about 88 t0 about 84 wi%. In addition {o the ranges above, the {total) amount of the
one or more solvents, added to the composition of this invention may be any range having the
start and end points from the following list of weight percents: 20, 30, 40, 50, €0, 70, 80, 81,
B2, BY, 84, B5, B6, BY, 85, 8%, 80, 91, 92, 93, 94, 25, 97, 98 and 285,

[00958] The compositions of the present invention further comprise one or more than one
corrosion inhibitor. Corrosion inhibitors serve to react with any metal exposed on the substrate
surface being elched, particularly copper, or 3 nonmetal, to passivate the surface and prevent
excessive etching during cleaning.

[0098] Any corrosion inhibltor{s} known v the art for similar applications may be used as the
one or more corrosion inhibitors in the composition of this invention. Examples of corrosion-
inhibitors include aromatic hydroxy! compounds, acstylenic alcohols, carboxy! group-containing
organic compounds and anhydrides thereof, and triazole compounds, and imidazole
compounds.

{00971 Exemplary aromatic hydroxyl compounds include phenol, cresol, xylenol, pyrocatachol,
resorcinot, hydrogquinone, pyrogaliol, 1,2 4-benzenetriol, salicyl alcohol, p-hydraxybenzyl
alcohol, o-hydroxybenzyi alcohol, p-hydroxyphenethyl alcahol, p-aminophenal, m-aminophend,
diaminophenol, amino resorcinol, p-hydroxybenzoic acid, o-hydroxybenzoic acid, 2.4-
dihydroxybenzoic acid, 2-5-dihydroxybenzoic acid, 3,4-dihydroxyvbenzoic acid and 3,5-
dihydroxybenzolc acid.

{0098] Exemplary acetylenic aicohols include 2-butyne-1,4-diol, 3,5-dimethyl-1-hexyn-3-0f, 2-
methyl-3-butyn-2-of, 3-methyil-1-pentyn-3-of, 3,8-dimethyl-4-octyn-3 8-diol, 2,4-7 8-tetramethyl-
B-decyne-4,7-diol and 2,5-dimethyl-8-hexyne 2,5-diol.

[0099] Exemplary carboxyl group-containing organic compounds and anhydrides thereof
include formic acid, acetic acid, propionic acid, butyric acid, isobutyric acld, oxalic acid, malonic
acid, succinic acid, glutaric acid, maleic acid, fumaric acid, benzoic acid, phthalic acid, 1,2,3-
benzenetricarboxylic acid, glycolic acid, factic acid, maleic acid, acetic anhydride and salicylic
acid.
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[00100] Exemplary triazole compounds include benzotriazale, o-lolyliriazols, m-tolyitriazols, p-
tolyltriazole, carboxybenzotriazole, 1-hvdroxybenzotriazale, nitrobenzolriazole and
dihydroxypropylibenzotriazole.

[00101] Exemplary imidizole compounds include benzimidazole and 2-mercaptobenzimidazole.

{00102] In an exemplary embodiment, the one or more than one corrosion inhibiter in the
compoesition of the invention include one or more of henzotriazole, carboxybenzotriazale,
amino-benzoirigzole, D-fructase, t-butyl catechol, L-ascorbie acld, vanillin, salicylic acid, disthy
hydroxylaming, and polv{ethylensimine), 2-mercaptobenzimidazole.

[00103] In other embodiments, the one or more than one corrosion inhibior s a lrfazole and is
at least one of benzotriazole, o-tolyltriazole, m-olyitriazole, and p-lolylinazole, more preferably
the carrosion inhibitor comprises benzotriazole.

f00104] His believed that for most applications, if present, the composition will comprise one o
more than one corrosion inhibior (neat) from about 0.1 to about 15 wi. % of the composition;
preferably it comprises from about §.1 {o about 10 wt. %, preferably, from about 0.5 {o about &
wt, %, and most preferably, from about 0.1 to about 1 wi. %, or about 0.5 to about 5 wi. % of
the composition. in addition to the ranges above, the composition of this invention may
comprise an amount (fotal amount) of one or more than one corrosion inhibitor {(neatl) within a
range having the start and end points from the following st of weight percents: 0.1, 0.2, 0.25,
04,051,152 25,3,4,5,6,7.8 9 10and 15.

f00105] The compositions of the present invention may comprise ong or more than one
optional surfactant. Surfactants useful in the compositions described herein include, but are not
limited to, amphoteric salts, cationic surfactants, anionic surfactants, zwilterionic surfactants,
non-ionic surfactants, and combinations thersof including, but not limited o, bis(2-
ethythexvijphosphate, perfluoroheptancic acid, preflucrodecancic acid, rifluoromethanesulfonic
acid, phosphonoacetic acid, dodecenylsuceinie acid, dioctadecyt hydrogen phosphate,
octadecyl dihydrogen phosphate, dodecylamine, dodecenyisuccinic acid monodiethanot amide,
lauric acid, paimitic acid, oleic acid, juniperic acid, 12-hydroxystearic acid, dodecy! phosphate.

[00106] Non-ienic surfactants useful in the compasition include, but are not imited 1o,
acatyiene glyeol surfactant including Surfynol® 104, 104E, 104K, 1044, 104BC, 104DPM,
104PA, 104PG-50, 1048, 420, 440, 465, 485, SE, SE-F, 504, 81,DF37, CT111, CT121, CT131,
CT136, GA, and DF110D. Surfynol® is a registered trademark of Evonik, GmbH);
polvaxyethylene laurny ether (Emaimin® NL-100 {fradename of Sanyo), Brij® 30, Brij 98, Brij
35), dodecenyisuccinic acid monodiethano! amide (DSDA, Sanyo), ethylenediamine
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tetrakis{ethoxylate-block-propoxyiate) tetrol (Tetronic® SOR4), polvethylene glycols (8.5, FEG
400), polypropyiene glycols, polyethylene or polypropylene glyeol ethers, block copolymers
pbasad on ethylene oxide and propylense oxide (Newpole® FPE-63 {Sanyo), Pluronic L31,
Pluronic 31R1, Pluronic L81, Pluronic F-127), polyoxypropylene sucrose ether (SNG08S,
Sanyo), toctyiphenoxypolyethoxyethanol {Triton® X100}, 10-ethoxy-8,9-dimsthyldecan-1-
amine (TRITON® CF-32), Polyoxyethndens (8) nonyiphenyiether, branched (IGEPAL® CO-
2503, polyoxyethylene (40) nonyiphenylether, branched (IGEPAL CO-880), polyoxyethyiens
sorbitol hexaoleate, polvoxyethylene sorbitol tetracleats, polysthylene glyeol sarbifan
monooleate {Tween® 80}, sorbitan monooleate {(Span 80), a2 combination of Tween 80 and
Span 80, alcohol alkoxylates {e.g., Plurafac® RA-203, alkyl-polyglucoside, ethyl
perfiuorohutyrate, 1,1.3.3.5,8-haxamethyl1.5-bisj2-(S-norbomen-2-yiethyiltrisiioxane,
monomeric octadegylsilane dervatives such as SISB352.0 (Siliclad®, Gelest®), sifoxanse
modified polysilazane such as PRP1-8G 10 Siliclad Glide 10 (Gelest), silicone-polysther
copolymers such as Sitwel® L-77 (Setre Chemical Company), Silwet ECO Spreadey
{Momentive), and ethoxylated fluorosurfactants (ZONYLE FS0-100, ZONYL® FEN-100),

[00107] Examples of cationic surfactants that may be used in the compositions of the invention
alone or with other surfactants include, but are not limited to, cetyl trimethylammonium bromide
{CTAB), heptadecanefiuorcoctane sulfonic acid, tetrasthylammonium, stearyl
trimethylammonium chioride (Econol TRMS-28, Sanyo), 4-{4-disthylaminophenyiazo)-1-(4-
nitrobenzylipyridium bromide, cetylpyridinium chioride monchydrate, benzalkanium chioride,
benzethonium chioride benzyidimethyidodecylammonium chioride,
benzyldimethythexadecylammuonium chioride, hexadecytirimethylammeonium bromide,
dimethyldivctadecylammonium chiofide, dodecyltdmathylammonium chiofide,
hexadecyttrimethylammonium p-oluenesulfonate, didodecyidimethyiammuonium bromide,
di(hydrogenated {allow)dimethylammonium chioride, tetraheptylammoniurg bromide,
tetrakis(decyhammonium bromide, Aliquat® 338 and oxyphenonium bromide, guanidine
hydrochioride (C{NH2)3CH} or triflate salts such as tetrabutylammonium
influoromethanesuifonate, dimethyldioctadecylammaonium chiorids,
dimsthyldihexadecylammoniom bromide and dilhydrogenated tallow)dimethydammaonium

[00108] Examples of anionic surfactants that may be used in the compositions of the invention
alone or with other surfactants include, but are not limited to, ammaonium polyacrylate (e.g.,
DARVAN® 821A), modified polyacrylic acid in water {e.g., SOKALAN CP1083), phosphate
polyather ester {e.g., TRITON H-58}, decylphosphonic acid, dodecyiphosphanic acid {DDPA},
tetradecylphosphonic acid, hexadecylphosphonic acid, octadecyiphosphonic acid,
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dodecyibenzenesulfonic acid, poly(acryic acid sodium sall), sodium polyoxysthylene lauyt
ether, sodium dihexylsulfosuccinate, dicydohaxy! sulfosucainate sodium salt, sodinm 7-athyl-2-
methyld-undecyl suifate (Tergitol 4}, SODOSIL RMO2, and phosphate fluorosurfactants such
as Zonyt FSJ and ZONYL® UR,

[00109] Examples of zwitterionic surfactanis that may be used in the compositions of this
invention alone or with other surfactants include, but are not limited o, acstylenic diols or
modified acetylenic diols {e.g., SURFONYL® 504), cocamido propyl betaine, ethylens oxide
alkylamines {AOCA-8, Sanyo), N,N-dimethyldodecylamine N-oxide, sodium cocaminpropinate
{LebonApi-B, Sanyo), 3-{(NN-dimsthyimyristylammonioipropanesuifonate, and {(3-{4-
heptyhphenyl-3-hydroxypropylidimethylammoniopropanesulfonate. Preferably, the one ormore
than one surfactant comprises dodecylbenzene sulfonic acia, dodecyl phosphonic acid, dodecyl
phosphate, TRITON® X-100, SOKALAN® CP105, PEG 400, and PLURCNIC® F-127.

[00110] The preferred one or more than one surfactant is non-onic surfactant, and more
praferrad surfactants are Surfynot 420, 440, 465, 485, and the most prefesred surfactant is
Surfynol 485,

fO0111] When present, the amount of surfactani(s) {(neal) may be in g range from about 0.001
to about 1wt %, preferably from about aboul 0.1 to about 1 wi %, based on the tolal weight of
the composition. Alternatively, it is believed that for some applications, if present, the one or
more than one surfactant will comprise from about 0.1 to about 15 wil. % of the compeosition; or
from about 0.1 to about 10 wh. %, or from about 0.5 o about 5 wi. %, or from about 0.1 to about
1 wit. %, or about 0.5 to about § wi. % of the composition. In altemalive embotiments the
{total) weight percent of surfactani(s) (neat) in the composition, based on the total weight of the
composition may be within any range having start and end points sefected from the following:
£.001, 0.01, 0.025,0.08,0.08,0.1,0.15,02,05,1, 2.5, 10 and 185

[00112] In some embodiments, the compositions of this invention will be free of or substantially
free of one or more than one of the following, or free of any additional of the following if already
present in the composition: alkanclamines, alkyl ethers of alkonolamines, ethers, alcohols,
fluorine-containing compounds, metal-containing compounds, oxides, organic acids and TMAHM.
in other embodiments, the composition will be substantially free of (or free of) sodium, and/for
calciuny, andfor amine carboxylfic acids, and/or alcohols andfor giycol andfor giycol ethers,
andfor ethylene diamine, and/or ethylene triamine, and/or thiophenol. In some embediments,
the compositions disclosed herein are formulated to be substantially free of at least one of the
foliowing chemical compounds: inorganic acids, atkyl thiols, and organic silanes. in some
embodiments, the compuositions disclosed herein are formulated to be substantially free or free
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of inorganic bases. In some smbodiments, the composition may be substantially free of or free
of one-or mare of the following: hydroxides, metal hydroxides, such as KOH or LiGH or

NaOH. in other smbodiments, the composition may be substantially free of or free of a halide-
containing compound, for example & may be substantially free or free of one or more of the
following: fluoride-, bromine-, chiorine- or lodine-containing compounds. In other embodiments,
the composition may be substantially free or free of sulfonic acid and/or phosphoric acid andfor
sutfuric acid andior nitric acid and/or hydrochloric acid. In other embodiments, the composition
may be subsiantially free or free of sulfates andfor nitrates and/or suifites and/or nitrites, In
other embodiments, the compasition may be substantially free or free of. ammonium hydroxide
andfor ethyl diamineg, in other embodiments, the composition may be substantially free or free
of. sodium-containing compaunds andfor calcium-containing compounds and/or manganese-
containing compounds or magnesium-containing compotnds andior chromium-containing
compounds and/or suffur-containing compounds and/or silans-containing compounds and/or
phosphorus-containing compounds. Same embodiments may be substantially free of or free of
surfactants. Some embodimenis may be substantially free or free of amphoteric salls, andior
cationic surfactants, and/or anionic surfactants, and/or zwitterionic surfactants, andfor non-ionic
surfactants. Some embodiments may be substantially free of or free of alkanoclamines, andior
imidizoles, and/or anhydrides. Some embodiments may be substantially free of or free of
pyrofiddones, andfor acetamides. Some embodiments may be substantially free or free of any
amines other than the hydroxylamine or derivatives thereof. Some embodiments may be
substantiafly free of or free of oxidizing agents. Some embodiments may be substantially free
of or fres of peroxy-compounds, andior psroxides, and/or persulfates, andfor percarbonates,
and acids thereof, and salts thereof. Some embodiments may be substantially free of or free of
iodates, andior perboric acid, and/or barates, and/or percarbonates, and/or peroxyacids, andfor
cerium compounds, andfor cyanides, and/or periodic acid and/or ammonium molyhdate, andfor
nitric acid, andior ammonia. The components that the compositions of this invention may be
free of may be in any combination of components as if all of the combinations were set forth
herein.

f00113] The composition of the present invention may also include ona or more of the following
additives: chelating agents, chemical modifiers, dyes, biocides, and other additives. The
additive{s) may be added 1o the extent that they do not adversely affect the performance of the
somposition, typically in amounts up to » total of about & weight % of the composition. in other
embodiments the composition will be substantially free of or free of chelating agents, dyes,
bipcides and other additives.
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[00114] Preferred temperatures of af least 30°C are preferrad for comacting the substrate
whereas for 2 majority of applications, temperatures of from about 40°C to about B0°C are more
praferred. For particular applications where the substrate is sither sensitive or longer removal
times are required, lower contacting temperatures are appropriate. For example, when
reworking substrates, it may be appropriate to maintain the siripper solution at a lower
temperature for 8 longer time {o remove the photoresist and avoid damaging to the substrate,
such as the lower temperatures described earlier. if longer contact times are required for
complete resist removal, placing a blanket of dry nitrogen over the stripper solution can reduce
water uptake from the atmosphere and maintain the dry stripper solution's improved
performance.

[00118] When immersing a substrate, agitation of the compaosition additionally faciliates
photoresist removal. Agitation can be sffected by mechanical stirring, circulating, by bubbling
an inert gas through the composition, or any combination thereof. Upon removal of the desired
amount of resist film, the substrate is removed from contact with the stripper solution and may
be rinsed in one or more steps with liquid comprising water, an alcohol, or a mixture thereof. i
water is a preferred form of water and isopropancd is a preferred alcohol, For substrates having
components subject to oxidation, the one or more rinsing steps can be done under an inert
atmosphere. The preferred stripper solutions according 1o the present disclosure have
irmproved loading capacities for photorasist materials compared 1o current commercial products
and are able o process a larger number of substrates with a given volume of siripper solution.
As used herein, loading capacity refers to the ability of a stripper solution to dissolve, suspend,
or otherwise aveid precipitation and/or re-deposition of a solid onto a wafer being cleaned.

00118} In addition o immersion techniques, wafers can also be contacted with a stripper
solution utilizing a spray device with the stripper solution maintained at the desired temperature.
The spraying can optionally be camied out using additional cleaning aids including ulirasonics
andior under an inert aimosphere or optionally in the presence of an active gas such as, for
example, oxygen or ozone, The wafer can be removed periodically and inspected o delermine
when sufficient cleaning has cccurred. The clean wafer can be rinsed in one or more rinsing
step as described above, for axample, with isopropanal and then dried. This method can be
used {o remove muitiple layers of resist and as a cleaning step.

[00117] The typical process used in manufacturing a waler may compyise the foliowing steps:

contacting (by immersion or spraying or both) the wafer to be cleaned, in a single wafer tool or
multiwafer bath, wherein the temperaiure of the compasition during the contacting step may be
as earfier described or as in one embodiment about 40°C or from about 40 10 50°C. The
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contacting step should oceur for & minutes of lass, or 30 seconds to § minutes or 30 seconds o
10 minutes. Ending the contact of the wafer to the composition by removing the wafer from the
cleaning composition or stopping the spray and rinsing the wafer with Dl waler, for example, for
about 2 minwtes, and then drying the wafer by directing nitrogen gas (Ng) at the wafer or
spinning the wafer or both simultaneously or consecutively. The desired resulls are complete
removal of the photoresist and in the preferred embodiments the siticon oxide efch rate should

be less than 0.2 A/minute, and the copper etch rate should be less than 5§ A/min.

EXAMPLES
[O0118] All compositions which are the subject of the present Examples (see Table 1) were
prepared by mixing the components in a 150 mL beaker with a ¥%” round Teflon stir bar at 600
pm. The order of the materials added to the beaker was as follows: dejonized (Di) water, #
separately added, then one or more than one solvent, then one or more than one quaternary
ammonium hydroxide, then hydroxylamine or one or more than one derivative of hydroxylamine

or mixtures thereof, then one or more than one optional surfactant, and then one or more than
one corrosion inhibitor.

00119 Forcopper and silicon oxide etch rate fests, 2.om by 3 cm coupons were smployed in
the present examples. The coupons comprised silicon substrates with a layer of copper {for the
copper etch rates) or a fayer of silicon oxide (for the siticon atch rates). Athindsetof 2omby 3
oem fest coupons had the cross-sections shown in FIG. 11 with a toplayer of developed
photoresist thereon and developed photoresist in the renches between the individual chips on
the wafer as shown, Removing the photoresist from the trenches is paricularly challenging for
cleaning compositions.

f00120] The etch rate and cleaning performance tests were both run using 100 g of the
strippericleaning compositions in a 180 mi beaker with a 34" round Teflon stir bar set gt 800
. The compositions were heated to 2 temperature of about 40°C on a hot plate. The test
coupons were immersed in the compositions for about § minutes while stirring. The segments
were then rinsed for 3 minutes in a DI water bath or spray and subsequently dried Dy direcling a
stream of filtersd nitrogsn at the coupons.

{00121] The copper and silicon oxide etch rates were estimated from changes in the thickness
before and after eiching, copper was measured by 4 point probe resistivity measurement, and
silicon oxide was measured by NanoSpec reflectometer. Typical stading layer thickness was
1000 A for copper and 7000 A for Si0,. Pattern wafer clean performance was checked by
optical microscope {OM} and scanning electron microscopy (SEM). The unsuccessful cleaning

results produced using the Comparative Example 1 composition is shown in FIG. 1 which is an
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optical magnified edge swiace of the test coupon cleaned using Comparative Example 1 {Table
2}). The unsuccessiul cleaning results produced using the Comparative Example 2 composition
{Table 2) is shown in FiG. 2 which is an oplical magnified edge surface of the test coupon
cleanad using Comparative Example 2. The unsuccessiul cleaning results produced using the
Comparative Example 3 composition {Table 2) is shown in FIG. 3 which is an optical magnified

edge surface of the test coupon cleaned using Comparatfive Example 3.

{00122] Table 1 - Examples

Components Example | Example | Example | pxample | Example
A B e D E
HA 2.00 2.00 2.00
(50 wi% aqueous solution) 2.00 2.00
TEAH 5.00 5.00 10.00
{35 wi¥ agusous solution) 10.00 37.00
BZT 1.00 1.00 1.00 100 100
DMSO 92.00 g1.75 86.75 87.00 50.00
Surfynot 485 8.00 0.25 0.25 0.00 0.00
Total 100.00 100.00 | 100.00 100.00 100.00
Temperature °C 40 40 40 40 40
5% pH - 11.39 11.8 1196 19 69
10 rin TEQS film loss (A) | <2 <2 <2
<2 <2
10 min Cu film loss (A} 238 247 31.8
25.03 31.10

Example D and E provided good cleaning resulfs.
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[00123] Table 2 - Comparative Examples
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Comparative Comparative Comparative
Raw Material 5
Example 1 Example 2 Example 3
Added DIW 28.25 2825 000

Ammonium acetate 2.68 280 .00
Acetic acid 2.00 2.00 000 10

BZT 1.60 1.00 1.00

TEAH {35 wile aqueous 500

. 8.00 0.00

solution) 15

NHsF (40 wi% agueous 0.00

1.25 0.00
solution)

DMSO 0.00 0.00 94.00 20

NMP §3.80 65.15 0.00

Total 100.00 100.00 100.00

Temperature{°) 40 40 40 5

5% pH 4,78 477 11.23

10mins TEOS film nss (A) 3887 <2 <2

10mins Cu film loss (A) 237 487 18.8 30
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[00124] Table 3 - Comparative Examples
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HA 56 2.00 2.00
TEAH 35 5.00 5.00
BZT 1.00 1.00
DMSO 0.00 0.00
BMAC 81.75 0.00
NMP 0.00 9175
SurfynoldB85 0.25 0.25
Total 100.00 100.00
Temparature{°C) 40 40
5% pH
10mins TEQS film loss {A) <2 <2
10mins Cu fitm loss (A) 29163 27323
[00125] Table 4 ~ Comparative Examples
Componernts asilay, Cgmparatiye Comparative Comparative
Widh xample 8 Example 7 Example 8
HA 50 2.00 2.00 2.00
TEAH 35 0.00 0.00 0.00
ETMAH 20 5.00 8.00 0.00
Triton B 40 0.00 500 0.00
MEA 0.00 0.00 5.00
BZT 1.00 1.00 1.00
DMSO 21.75 81.75 91.75
Surfynold8s 0.25 0.25 0.25
Total 100.00 100.00 100.00
Temperature(°r) 40 40 40
5% pH
tlmins TE{E}S filrm loss <2 <2 <2
10mins Cu film loss {A) 264.33 18.40 73210

*Comparative Example 7 did not satisfactorily clean the wafer.
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[00128] The cleaning result produced using the Example A composition {Table 1) is shown in
FIG. 4 which is an oplical magnified edge surface of the test coupon cleaned using Example A
Example A is notfully cleaned but is belter than the resulls using the Comparative Example
cleaning compositions. The successfud cleaning resulls produced using the Example B {Table
1) compaosition is shown in FiG. 5 which is an optical magnified edge surface of the test coupon
cleaned using Example B. The successiul cleaning resulls produced using the Example C
{Table 1) composition is shown in FIG. 6 which is an oplical magnified edge surface of the test
coupon cleaned using Example C. FIG. 7 shows a wafer sidewall that was cleaned using the
Example B claaning composition, that is not campletely cleaned; however FIG. 8 shows a
completely cleaned wafer side wall using Example C cleaning composition.

[00127] The use of the open terms comirising or compyises, having and containing when
descrbing the composition and method of this Invention are not restricted o the listed
componenis or method steps, respectively, and may include additional components andfor
steps. Comprising and the other open terms include the more restrictive consisting essentially
of and the closed ferm consisting of, therefore anywhere comprising is the terms consisting
essantially of and consisting of are included in the altemative,

{00128] While the invention has been described in detall above with reference to specific
embodiments, it will be understood that modifications and alterations in embodiments disclosed
may be made by those practiced in the art without departing from the spirit and scope of the
invention. All such modifications and alterations are intended to be covered as well as any
combination of the above-described components and steps in all possible variations thereof
unless otherwise indicated herein or otherwise clearly contradicted by context.in addition, ali
publications cited herein are indicative of the level of skill in the art and are hereby incorporated
by reference in thelr entirety as if sach had been individually incorporated by reference and fully
set forth.
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