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unashed photoresist from microelectronics substrates. A further aspect of this

invention is a process of cleaning or stripping photoresist and residue from

aluminum-containing microelectronics components without causing undue aluminum

corrosion.
BACKGROUND TO THE INVENTION

[0002] During the manufacture of microelectronic devices photoresists are
employed to transfer images to a microelectronics substrate to create the desired
circuit layer. Many of the microelectronic devices are metallized with aluminum.
Also, the microelectronics substrate may employ metals such as titanium, titanium

nitride, tungsten and the like as adhesion promoters and diffusion barriers.

[0003] Many alkaline microelectronic stripping and cleaning compositions
have been proposed for the removal of cross-linked and hardened photoresists and
other residues, such as post etch residues, from such microelectronic substrates.

However, one problem with such stripping and cleaning composition is the possibility
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compositions that can effectively remove such metal reS|dues and do so without any
significant aluminum corrosion resulting from the stripping and cleaning composition.
There is also a need for stripping and cleaning compositions that, in addition to
cleaning these metal residues, will also effectively clean post-ash residues from
other vias and from metal lines, as well as cleaning unashed photoresist residue

from the substrate.
BRIEF SUMMARY OF THE INVENTION

[0005] In accordance with this invention, there are provided stripping and
cleaning compositions for cleaning microelectronics substrates, the composition
comprising: at least one organic stripping solvent, at least one nucleophilic amine, at
least one non-nitrogen containing weak acid in an amount sufficient to neutralize
from about 3% to about 75%, preferably from about ,19 % to about 75%, by weight
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10.9, said weak acid having a pK value in aqueous solution of 2.0 or
greater and an equivalent weight of less than 140,
d) at least one metal-removing compound selected from the group
consisting of diethylene glycol and diethylene glycolamine, and
e) water.
The compositions may additionally comprise one or more components such as
metal-complexing/corrosion resisting compounds, other corrosion inhibitors and

surfactants.

[0007] The method for cleaning microelectronic substrates according to this
invention comprises a method for cleaning microelectronic substrates without
producing any substantial metal corrosion, the substrate containing at least one
photoresist polymeric material, etch residues and metal residues, the process
comprising contacting the substrate with a cleaning composition for a time sufficient

to clean the substrate, wherein the cleaning composition comprises:
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substrates in accordance with this invention is particularly useful for cleaning
substrate that comprises an aluminum metallized substrate having vias and

containing metal residue from at least one of layers of titanium and/or titanium

nitride.
DETAILED DESCRIPTION OF THE INVENTION
AND PREFRRED EMBODIMENTS.
[0008] This invention provides stripping and cleaning compositions for

cleaning microelectronics substrates, the composition comprising: at least one
organic stripping solvent, at least one nucleophilic amine, at least one non-nitrogen
containing weak acid in an amount sufficient to neutralize from about 3% to about
75%, preferably from about 19% to about 75%, by weight of the nucleophilic amine
such that the stripping composition has an aqueous pH of from about 9.6 to about
10.9, said weak acid having a pK value in aqueous solution of 2.0 or greater and an
equivalent weight of less than 140, at least one metal-removing compound selected
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d) at least one metal-removing compound selected from the group
consisting of diethylene glycol and diethylene glycolamine, and
e) water.
The compositions may additionally comprise one or more components such as
metal-complexing/corrosion resisting compounds, other corrosion inhibitors and

surfactants.

[0010] The at least one organic stripping solvent will generally be present in the
composition in an amount of from about 20 to about 80 wt%, preferably in an
amount of from about 30 to about 75 wt%, and more preferably in an amount of from
about 40 to about 60 wit%. The organic stripping solvent will generally be one
having a solubility parameter of from about 8 to about 15, obtained by taking the
square root of the sum of the three Hansen solubility parameters (dispersive, polar
and hydrogen bonding). The solvent system may comprise one or more such
solvents. Suitable solvents include, but are not limited to, 2-pyrrolidinone, 1-methyl-
2-pyrrolidinone, 1-ethyl-2-pyrrolidinone, 1-propyl-2-pyrrolidinone, 1-hydroxyethyl-2-
pyrrolidinone, 1-hydroxypropyl-2-pyrrolidinone, and the like, diethylene glycol
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dissociation constants, expressed as pK values, will generally range from about 9 to
about 11 for the beta-oxygen or -nitrogen substituted amines to about 8.3 for the
secondary amine, morpholine and hydroxylamines and hydroxylamine derivatives of
somewhat lower pK values. Among the alkaline components that may be used there
may be mentioned, nucleophilic amines, preferably for example, alkanolamines, and
particularly monoethanolamine, 1-amino-2-propanol, 2-(2-aminoethoxy)ethanol, 2-
aminoethanol, 2-(2-aminoethylamino)ethanol, 2-(2-aminoethylamino)ethylamine and
the like. More important than the actual pK value of an amine is its nucleophilicity
which should be high. Most preferably the nucleophilic amine is monoethanolamine

or 1-amino-2-propoanol.

[0012] The non-nitrogen-containing weak acids component of the
compositions of this invention will generally be present in the composition in an
amount of from about 0.5 to about 10 wt%, preferably from about 1 to about 8 wt%,
and more preferably from about 2 to about 6 wt%. The non-nitrogen containing
weak acids that may be employed in this invention include organics such as

carboxylic acids or phenols as well as salts of inorganic acids such as carbonic or
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diethylene glycolamine or mixtures thereof. This component is generally present in
the composition in an amount of from about 0.5 to about 40 wt%, preferably from
about 1 to about 20 wt%, and more preferably from about 5 to about 15 wit%. This

component is preferably diethylene glycol.

[0014] The cleaning and stripping compositions of this invention are alkaline
aqueous compositions and water is present generally in an amount of from about
0.5 to about 50 wi%, preferably from about 1 to about 35 wt%, and more preferably
from about 5 to about 20 wt%.

[0015] The compositions of this invention may also optionally contain other
additional components. Such optional additional components include metal-

complexing/corrosion  resisting compounds, other corrosion inhibitors and
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employed in microelectronic cleaner compositions. The compounds may include
resorcinol, gallic acid, propyl gallate, pyrogallol, hydroquinone, benzotriazole and
derivatives of benzotriazole, and polyfunctional carboxylic acids such as citric acid,
tartaric acid, gluconic acid, saccharic acid, glyceric acid, oxalic acid, phthalic acid,
maleic acid, mandelic acid, malonic acid, lactic acid, and salicylic acid. These other
corrosion inhibitors may be present in any suitable amount, generally in an amount
of from about 0 to about 5 wt%, preferably from about 0.1 to about 3 wt%, and more

preferably from about 0.2 to about 2 wt%.

[0018] The compositions of the present invention may also optionally contain

any suitable water-soluble amphoteric, non-ionic, cationic or anionic surfactant. The



amount to neutralize fromabout 3% to about 75%
preferably from about 19%to about 75% by weight of
W b@cazdone present in the stripper conpositi onPCTESE0022598
resulting in an aqueous rinse pH for said stripper
conpositions of fromabout pH 9.6 to about 10.9. Most
174@referably the weak acid is catechol. [0013] The at
| east one netal -renoving conponent is diethylene
gl ycol or diethylene glycolam ne or m xtures thereof.

addifléh ofCONRPRERIt ivill Jetedeatiley sprfaserténdion tdietheofoposiationnand
in an anpunt of from about 0.5 to Ib_wt 40 wt %

imprgve tea WBIIpIfof din sistAse (@ DEFIeANsG: anshingEesgredRpTaNs; e cleaning
actldhr 8f HARNpditn. af*?\%%ur%cféht@!bé}“blséﬁ)é/\é%edﬂb feduce aluminum
nponent 1S eferably diethyl ene glycol. [0014]
Corr@fﬁl@larﬂafﬁj afnﬂlfglen FPMHYNE FRSESIoN; éﬂﬁb'ﬁqn t'ﬁl%eﬁlrﬁQerﬁm‘g?Pte”C
surfgétgntglqgg i rHet |tﬁ)9g995tl'1é b%%n’?fr‘n%ﬁ%n‘%clh@e Pefiedd and
unt of from about 5 to about 50

sulfwm-,%mps esﬂeln ailsl a}lk)ﬂ rhetaiog® Lamlﬂoausylawamessawl%ulf@hata*ﬂﬁSeand
rabl bout t %
am'@?ﬂi‘ﬁga tsfJ t%&?h?s%wlﬁeénpegmgm%%ﬂoa%r{p;}t;%%al IT%:/]@Ch as
amphoeglyainates| hetphapdipidnates, aomhodigtyciratessend ajpplnqmgpplonates
i3, SRR, GG T R OTBFL L Mpacics; amine
OX|d|er§ hst,dgﬂgltr 8¢ [Ign duﬂnma oxitié4 Cargll bﬂ@kaham Salkyﬂa(mmé] o@garﬁuoroalkyl
anic ¢ t
sulfoRping §P86WPB§%§ %ﬂ%?gwp?lar%n%&?%“qﬁmnﬁw@adﬁg@&f breferaRly: the
ampHkdrRNaLirdctBfts! B egshniBoblopylC BRM, td;db’(’b&ﬁﬁdorirhpyﬂ dlmethyl

1 nvention, but offer substantial benefits, suc
betairanp| eocoamidenieryl pr JHGEDYst aBiIIaing; wHARTY ?%P'b%ﬁ%f?@lﬁmate

cocll)ér;‘rbgiotd'b‘??ﬁgh'ﬁg,u&cﬁbﬁéﬂb&%p%w%b&béiﬂﬁhcﬂfydt*d)dyéthyl propionate,
isodecyloxypropylimino dipropionic acid, laurylimino dipropionate,
cocoamidopropylamine oxide and cocoamine oxide and fluorinated alkyl
amphoterics. Non-ionic surfactants useful in the compositions of the present
invention include acetylenic diols, ethoxylated acetylenic diols, fluorinated alkyl
alkoxylates, fluorinated alkylesters, fluorinated polyoxyethylene alkanols, aliphatic
acid esters of polyhydric alcohols, polyoxyethylene monoalkyl ethers,
polyoxyethylene diols, siloxane type surfactants, and alkylene glycol monoalkyl
ethers. Preferably, the non-ionic surfactants are acetylenic diols or ethoxylated
acetylenic diols. Anionic surfactants useful in the compositions of the present
invention include carboxylates, N-acyisarcosinates, sulfonates, sulfates, and mono
and diesters of orthophosphoric acid such as decyl phosphate. Preferably, the
anionic surfactants are metal-free surfactants. Cationic surfactants useful in the
compositions of the present invention include amine ethoxylates,
dialkyldimethylammonium salts, dialkylmorpholinum salts,
alkylbenzyldimethylammonium  salts, alkyltrimethylammonium  salts,  and

alkylpyridinium salts. Preferably, the cationic surfactants are halogen-free



Exanpl es of suitable chelating or conplexing agents
include but are not |limted to trans-1
wQ 2¢069zdoohexanedi am ne tetraacetic acid (CyDTAYCT/US2005/022598
et hyl enedi am ne tetraacetic acid (EDTA) stannates,
pyrophosphat es, al kyl i dene-di phosphoni c acid
174@lerivatives (e.g. ethane-1-hydroxy-1, 1-di phosphonate),
phosphonat es cont ai ni ng et hyl enedi am ne,
di et hyl enetriam ne or triethylenetetram ne functional
surfa@aets] Exahpldof &payiaty sultabie siefactdnts (nokidey betare not limited to

h honi id DTMP), diethyl iam
3.5 PERBatyera SHoLBNe: ehadiapd L7 & RTrBRIER R T
diol SYABRUBE), 8RS telRsRBRIAATerRC bétbxypFbisylisdigihat (ZagylaBSK), Zonyl
Wil |l" be present in the conposjtion i

i n acg armun,:'h o[_ Th
FSH, r Bt Xd 08bdwimaly \achphspexepiysingxystaandlnogndothe figg.  The
surff’cg%r%/fiﬁ géﬁeo/r‘é@%@ %réérépf Renghelt B robhe 16 apBRs WioeNpreferably

e aqueous cleaning conpositions of this
0.0G1rie @hbiiohwita paaed on dyst Wejahtl af fhecentBRQSHIONt: her corr osi on
inhibitors and sim |l ar non-corrosive conponents
enpl oyed in mcroel ectronic cleaner conpositions. The
[00 12 NpounBgamply df midanihe coasmusitionsof thjaiinvieotiert ingludpr bighare not

. gal | at e, rogal | ol , .hydr QguiL non rd a

il 1 2 oBEPE s e oM o oM A 4 Tables

1, cardaxyl iiC agcwels Buphidiswirigt Tableach dhraught 8y the abbbviations
gluconi c acid, saccharic acid, glyceric acid, oxalic

empiaygd aﬁ%?ﬁ%‘ﬁot‘f"saci d, maleic acid, mandelic acid,

mal oni ¢ acid, lactic acid, and salicylic acid. These

ot her corrosion inhibitors nay be present in any

sui t abl MMBroiethyeysichdingne n” an amount of from about

0 to abpisS=dtnthyPs@fokiqebl y from about 0.1 to about 3

w % and nore preferably fromabout 0.2 to about 2

w % [ ODMFICdimethyapeiemideons of the present invention

may al sp, ARl ABRk hanRgs @i n any suitable water-sol uble

anphoteric, non-itonic, cationic or anionic surfactant.
Thel740DEG=diethylene glycol

DEGA=diethylene glycolamine

CAT=catechol

MEA=monoethanolamine

AMP=1-amino-2-propanol
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addition of a surfactant wl|l
tension of the fornulation and i nprove the wetti

reduce the surface

ng of

wa b@eseaobrace to be cl eaned and therefore i nproRET/UR®05/022598

cl eani ng action of the conposition.
al so be added to reduce al um num corrosi on rates

The surfactant my

| f

1746 ur t her al um num corrosion inhibition is desired.

Amphoteric surfactants useful in the conposition
t he present invention include betaines and
sul f obet ai nes such as al kyflableet ai nes, am doal kyl

bet ai nes, al kyl sulfobetalnﬁggﬁgy\&nkgfalkyl
[

s of

such

sulfobetalnes anmi ¢FRIBRQ i vati ves
anphpprofdi onages,

@gm CIMares, 4
1 g ind anphodi propi ona

~

68

5

ylci nat es
| mNMtEPi aC| al l?@xyal kyI 26 nodli ackfs or

26

sSuch as a

ds s#@h ag
| r\y cids;—an e oxXi des
tﬁg&g oxi des;

H—rodi
Xi d ylanido al kyl ani ne

Ry

es and al k
flumm@@Jky es and fluorinated al kyl

. Il ry
cl Ad Y L

I sulfonat
nnr'n f‘tﬂri" t ures—th ICUI rlc
coan%%opropyl et ai

la
e
ne,

10

< - III T ol [ ]
anpwgfbric sur?gc
I ne, cocoqd

tants e co
COCR@ dopf opyl am dopr opy|
di propi-oi

nat @
et

di met hyl Dbet
hydroxy su
phopr opi onat e,

taine capryl canp
cocBEA dod
are, g

propi onatle, ~ cBcoan
L[g:d(glR”U”
i sodecyl ox onic_aci lauryli

8
nM no

droxyethylt—propion

ypropyl i mino di propi
di pCAdi ona an1né oxi de antl coc
eoxi—ge—and photerics—Nog=1on

oani@e

C

te dbcoanidopﬂopyl
su nt of the pr

sent

Hretinatetd—atkyt—a
S usé? iln thé conpositions
et hoxyl at ed
al koxyl at es,

rnvention i1 nclude acetylenic diols,
fluorinated pol yoxyet hy

acetylenic diols, fluorinated al kyl
fluorinated al kyl esters,

al kanols, aliphatic acid esters of polyhydric
al cohol s, pol yoxyet hyl ene nonoal kyl et hers,
pol yoxyet hyl ene diols, silb3ipe

al kylene gl ycol ﬂvaeﬁ%p%x.hoﬁg/ﬂasﬁs%y fagiar abl y.

non-ionic surfactants are acetylenic dio ar

th

type surfactants,

| ene

and
e

Eohporienis d 6 7 8 9

10

NMP 26 26 26 26

26

DMSO

DMAC

MEA 20 20 15 15

15

AMP

DEG

DEGA

CAT

WATER 10

- 11 -




acetylenic diols. Anionic surfactants useful in the

conpositions of the present invention include
w@a00boxpbrt es, N-acyl sarcosi nates, sul f onat es, PCT/US2005/022598

sul fates, and nono and di esters of orthophosphoric

acid such as decyl phosphate. Preferably, the anionic
1740ur factants are netal -free surfactants. Cationic

surfactants useful in the conpositions of the present

i nvention include am ne et hoxyl ates,

di al kyl di met hyl anmoni um safdige 3di al kyl nor phol i num

sal ts, aIkylbenzyldinethééannnniun1sa|ts,

al kyl tri met hyl ammorPRReYHPRSParimy Walghtpyri di ni um
eahivon eraQhy, the ionj ¢ Sg& factrant re

hal n@pr@}i:f:(al?llg) su fac(t:?nts Exairr%l e of e;lﬁ"celci ally 15
sui Nt e slirfadbantq i nddbude, | but 54re fot I146m ted to
ﬁ—im;sgm hyt=—t—hexyn=3=o—(Surfynoel=61)—ethoxyated-
2.4, 7, 9-tetranet hyl -|5-decyne-}, 7- di ol |(Surfynol + 465),
polBMACr af | uor oet hyliene cet oxypr opyl betjai ne (ZonyT ~ 46

—+SK)—Zenry+—FSH—Ftor—X-100,—napely

. P4
oct enoxypo?g'/et hoxyet4vanol | an@lthellike. The
surppi ant [wi [T general Ty be present im an gmoun orz%
from0 to about 5 wii% preferiably 0.00] to about|{ 3 W%
basPESDN the wdBght [of tBe copposition|. [0019] 11
EX@|ELR Of [ Creant ngconposi tipns @f thirs—nvent+on
include, but are notf limted to, tthe conpositions set
forOATin the fdllowing Tables| 1, 3 3 and 45 In Tabl &s

dres anf—4—as—weH—as—+n—fFelH-opngFables 5
th%J&B 9, the‘I bbr evi a?‘iaions enpl Oyed are de fol) ows?®
NMP= N-net hyl pyrrolidi none DVMSO=di met hyl sulfoxi de

DMAC=di net hyacet anm de DMF=di net hf or mam de
Table 4

Compositions/Parts by Weight

Components 16
NMP
DMSO 46
DMAC
MEA 23
AMP
DEG 11
DEGA
CAT 5
WATER 15
[0020] The outstanding performance cleaning and non-corrosive properties of the

cleaning compositions of this invention compared to similar compositions with other
polyhyroxyl compounds instead of DEG and DEGA is demonstrated by the following
cleaning Examples 1 to 11. Several cleaning compositions were prepared by mixing 26

__12....



DEG=di et hyl ene gl ycol DEGA=di et hyl ene gl ycol am ne
CAT=cat echol MEA=npnoet hanol am ne AMP=I

WO 200602302t pr opanol - i o -1740 Table 1 PCT/US2005/022598
Conpositions/Parts by Wight Table 2
Conpositions/Parts by Wi ght1740 Table 3

1740onposi tions/ Parts by Wi ght Table 4 .
Conposi tions/Parts by Wight [0020] The outstanding
performance cl eani ng and non-corrosive properties of

g of wmmgldfgn@@dmw(ﬂarﬁmé 9fg bhbétebtﬁb/leﬂltg eﬂD@WH@&f 8Ad 8 g of a
sinilar conpositions wth other hyr oxyl

C'e%w?ﬂasemaeun%érp@afeeé@"qm@ mhmglwo dedidenepglycolamine

(DETG‘I% ftﬁéthﬂ\éhé‘gglﬁ!o?%lrﬁ@thﬁ’éﬁ%l&’c%l 1et‘h9leilxé rﬁlg%\(gfrgéﬁ%e g g}/col N-
| eani n? nposi tions were prepare

mefbf/'ertnaﬂo ng of- ?rmm@@ﬁawam)ﬁféanql g%buteae«éechdiol ang 2-(2-

& n m ) .
e )l o8 0 BRI U A M rouon
via @[tryléiblr@*n @s (abErGHrough |Setdr13d gite tgl eyncd!ll layer) veeart hplaestk in these
| e vl ene y.col . .
SO“‘Rlﬁé% ‘r?]);f/ Pg?ﬁfﬁgﬁé l%’§mcﬁ'llo¥ Qg na@u%?h 8e¥\/ﬁ&hécﬁ§¥]g/)egg FRLRQfed, rinsed in DI
water fouthenemibutes-atidobloandir? with-nitrogen. For comparison, the same wafers
were cleaned in a commercially available stripping composition of US Patent 5,308,745
(containing NMP, sulfolane, MEA, catechol and DI water). The cleaned wafers were
then evaluated for ash residue removal (0 = no removal to 10 = 100% removal) and

aluminum corrosion (0 =no corrosion to 10 =corrosion), as noted below in Table 5

Table 5
Example ) Aluminum Ash residue

# Cleaning compound corrosion removal
1 diethylene glycol 0 10

2 diethylene glycolamine 1 8

3 tetraethylene glycol 0 5

4 2-butene-1,4-diol 0 5

5 ethylene glycol 0 4

6 propylene glycol 0 4

7 N,N-dimethylethanolamine 1 4

8 2-(2-aminoethylamino)ethanol 2 2

9 2-(2-methoxyethoxy)ethanol 0 2

10 triethylene glycol 0 1

11 Commercial product of 0 ;

US Patent 5, 308,745

Only DEG and DEGA provide both excellent ash residue removal and aluminum
corrosion inhibition. The usefulness of the cleaning compositions of this invention

- 13 -



nmet hoxyet hoxy) et hanol . Patterned Al technol ogy wafer
sanpl es with "punch-through” via structures (vias etch
wa booegfoeSi and TiN to an Al | ayer) were pl aceplCT/nS2005/022598
t hese solutions of heated to 85 C for 20 minutes after
which they were removed, rinsed in D water for two
1740 nutes and blown dry with nitrogen. For conparison,
the sane wafers were cleaned in a conmercially
avai |l abl e stripping conposition of US Patent 5, 308, 745

undércgr\ieﬁ‘lbfv B8 cMMRingstbridilonsent ivké, artiatepaierhtuaen cinBl with varying
wat er). "The cl eaned wafers were the ev Iuat ed for ash

formuagiona s exavpRliied imthe falpwingEramples 1 00% r enoval )

and al um num corrosion (0 =no corrosion to 10
=corrosion), as noted belowin Table 5 Table 5 Only
[002DEG and DEGA provi de B@mplesdeitpdft ash resi due

renoval sg\ygqaﬁ'ctgghn]?mcmpwﬁbw Wb Bf'etp'a%!} b-glh‘ﬁﬂnxmg 1-methyl-2-

usef ul néss of osi tions of
pyrrolidisorte MR rmdeethantvlamlra y(MEA)cI @QWYWGCWH"UH% (DEGA),

criol 5054 BRSO B g patamed

Al té&ﬁl%lkigyEM@fB‘pbemplb% With %ln&&x\tlm'oagh”cwlmas regnpjgymb@ Exasppies 1 to

11 \pﬁﬁ%lgc‘ﬁg @ﬁﬁgﬁ&rﬂj{x' n%f %ﬁ%d t¥)0£? t%g%flre%glnglﬂg%g%ter which they

weré EE%)'%d fmgﬁ@?ﬁl DI @ATr foatwb Blinves andi MOwneimwnmnmltrogen The
shown bel ow. e sane .t

e e e S L o B E0E0.8 Lo o -

1005‘3(?617%\%‘% dnd QiukdnRIcBrBbiak €0 =nB doResiengo!10t + eegerefcorrosion), as

heated to 85 C for 20 minutes after which they were
notecimohadle 6ri nsed in DI water for two minutes and bl own

dry with mitrogen. The clepned wafers were then
evaluated for ash residue removal (0 = no renoval to

10 = 100%% remwal_) and al ufi num cor|r osi 0%6 O.m:Jno Ash

cBraBRICoN 14010 T ReV BER L OTEASIRI| HAS | | residue
# corrosion

removal
12 26 10 2 1 0 10
13 26 10 8 5 0 8
14 26 20 2 5 0 10
15 26 20 8 5 10 2 10
16 26 15 5 3 7 1 10
[0022] Examples 17 to 22

Several cleaning compositions were prepared by mixing 26 g of NMP, 15
g monoethanolamine (MEA), 5 g of either diethylene glycoamine (DEGA) or diethylene
glycol (DEG), 3 g of catechol (CAT), and 7 g of DI water. The same type of patterned Al
technology wafer samples with “punch-through” vias as employed in the previous
Examples were placed in these solutions of heated to the temperatures indicated below

for 20 minutes after which they were removed, rinsed in DI water for two minutes and

_14._



noted in Table 6. Table 6 [0022] Exanples 17 to 22

Sever al

cl eani ng conpositions were prepared by m xi ng

wQ@aoog/ozdoeNMP, 15 g nonoet hanol am ne (MEA), 5 gPOF/US2005/022598

ei ther diethyl ene glycoam ne (DEGA) or diethylene

gl ycol
1740t er.

(DEG),
The sanme type of patterned Al technol ogy wafer
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(

CAT), and 7

g of D
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D
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e
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of ptern

hrough! i
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h
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hegted—tT
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mi NEEes a
water for
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two m nute

hey weige
and bl own

dr2iwi th |ni

oval 11at ~AA

t ridigen.

T

he cl &ned

vaf er O wer e

then 8

£
cv oat g1

10°= 100%r

ar
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oraEa e
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HEDA N
UutT [SA R 9AY

nd al UM num

[ A at
at— (o mo T

corrosi on (

emmoval 160
0 =no

corrosion to 10 = severe corrosion), as

[0023] Examples 23 to 25

Several cleaning compositions were. prepared by mixing 1-methyl-2-
pyrrolidinone (NMP), monoethanolamine (MEA), diethylene glycol (DEG), catechol
(CAT), and DI water in the amounts shown below. The same type of patterned Al
technology wafer samples with “punch-through” vias as employed in the previous
Examples were placed in these solutions of heated to 65° C for 20 minutes after which
they were removed, rinsed in DI water for two minutes and blown dry with nitrogen. The
cleaned wafers were then evaluated for ash residue removal (0 = no removal to 10 =
100% removal) and aluminum corrosion (0 =no corrosion to 10 = severe corrosion), as

noted below in Table 8.

Table 8
) Ash
Example Aluminum )
NMP | MEA | DEG | Catechol | H20 _ residue
# corrosion

removal

23 46 21 13 13 10

24 46 25 13 10

25 54 21 9 13 1 10
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noted below in Table 8. Table 81740 [0024] Exanpl es
26- 29 Several cleaning conpositions were prepared by
woreoobgeodb6 g of a sol vent selected fromthe foPCDUR2093/022598
1- net hyl - 2- pyrrolidinone (NW), N. N-dinethylacetam de
(DVMAC), or dinethyl sul foxide (DVSO, 23 g of
1749noet hanol ami ne (MEA) or 1-ami no-2- propanol (AWP);
11 g of diethylene glycol (DEG, 5 g of catechol
(CAT), and 15 g of DI water. The sane type of
patterned Al technol ogy wafer sanples with

‘Hpunch-t hrough" vias enpl o in the previous
[Ooé'%irrpl es were placed ?ﬁx"lrﬁ@%%g%guti ons of heated to
65 C f orSal@rationsrisy edrhpssitdtisolerehEpiRE Dy r%ﬂig}@e&j@ g,9f a solvent
ry W

ter for t m nutes and bl own

: S
sefgier 8%3%&*@%&%% PUekenen (NMRY daNedimegtylacetamide
(Df&l&h?),r@é?dliﬁh@g\ RITBNMaL (HMsO)NS3 bedwq%}{oeh%n%%nﬁn&%??ﬁ) gr Jzpmino-2-

removal ) a al um num corrosion =no COrrosion

prapagal e di roef dathyleas dhisobPER) Gvg Pheatatiha (GATY,idet5 g of DI

i ' ' | bed herein "

vl OO0t NN BSOSl P LR

viagjas| erpRioygshindbe @revioushixaraples yese plaodi fin thesi oludiods of heated to
¥ ardaabg ' u rting fragmthe .

L e S VR —

ang dfasymdryAgitonithoggh.y Thietcléanddnivafierbedeteothentsvai@tad for ash residue

hange ificati nd variations that fall .
rorfER Bha B TemeVeln' £€endBa? tereSiapanaciuammserosion (0 =no
corcdsionrio 10 = AevdreicopbsignRRE rotepbé|ng s TaRe.ti on for

cl eani ng m croel ectroni cs_substrates, the conposition
conprising: a) at |east o-ﬁ%blﬁrggani c stripping solvent,

) Ash
Example # Alumm-um residue
corrosion
removal
26 NMP | MEA | DEG | catechol | H,O 0 10
27 NMP | AMP | DEG | catechol | H,O 0 8
28 DMAC | MEA | DEG | catechol | H,O 2 10
29 DMSO | MEA | DEG | catechol | H,O 1 9
[0025] While the invention has been described herein with reference to the

specific embodiments thereof, it will be appreciated that changes, modification and
variations can be made without departing from the spirit and scope of the inventive
concept disclosed herein. Accordingly, it is intended to embrace all such changes,

modification and variations that fall with the spirit and scope of the appended claims.
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b) at | east one nucl eophilic amne, c) at |east one
non-ni trogen contai ning weak acid in an anount
wa@fobiozioent to neutralize from about 3% to aboRCT/USHNH§22598
wei ght of the nucl eophilic am ne such that the
stripping conposition has an aqueous pH of from about
1740. 6 to about 10.9, said weak acid having a pK value in
aqueous solution of 2.0 or greater and an equi val ent
wei ght of |ess than 140, d) at |east one
| claiat al - r enovi ng conmpound sel ected fromthe group
consi sting of diethylene glycol and diethyl ene
gl ycol am ne, and e) water. 2. A conposition according

t 0 ACtAbping anbl &leRinfhgl ddentisitiondst cleatng vttreerRbirbhies subsiaates,
conpri ses an al kanol am ne. 3. A conposition according

toﬂ%":f GPRPASIPLFANPIIYME at | east one organic stripping

sol vent aPI‘éE@trdrféeérgémé%{r?b%mg sRlepgt ed fromthe group
consi sting o hyl  pyrrolidone, dinethylacetam de,

and do)net lﬁyst@mn@@w@lwmm% conposi tion according to
¢l al )3 PREeLEoTE hiRaR mgleﬁ%agta%gﬁgcwsk%eﬂwdn afBLfSsufficient

conpri'ses an osition accor ng
to cl ai in deutradizefnont &lzoud [3Ra teodlzovdt ﬂé% By welgé\(cp‘émefmmlﬁophlhc

the gr OUR,; oguc’&hsﬁw P oét H&H %6”1% 9 8‘5‘%2& aﬂ ueo s pH of from
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wher i 1 ooREon pr 028 BRERe AL BESIbRucian CrHaE Ran 140,
d) at least one metal-removing compound selected from the group
consisting of diethylene glycol and diethylene glycolamine, and

e) water.

2. A composition according to claim 1 wherein the at least one nucleophilic

amine comprises an alkanolamine.
3. A composition according to claim 1 wherein the at least one organic stripping
solvent comprises a solvent selected from the group consisting of N-methyl

pyrrolidone, dimethylacetamide, and dimethyl sulfoxide.

4, A composition according to claim 3 wherein the at least one nucleophilic

amine comprises an alkanolamine.

5. A composition according to claim 4 wherein the alkanolamine is selected from

the group consisting of monoethanolamine and 1-amino-2-propanol.

6. A composition according to claim 5 the at least one weak acid comprises

catechol.
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sol vent conprises N-methyl pyrrolidone, the
al kanol am ne conpri ses nonoet hanol am ne and the at

wo e@s2306e et al -renovi ng conpound conpri ses dPEr/hiyloesne22598

glycol. 8 . A conposition according to claim1l
additionally conprising one or nore conponents

174@! ected fromthe group consisting of:

10.

1.

12.

met al conpl exi ng/ corrosion resisting conpounds, other
corrosion inhibitors and surfactants, 9. A conposition
according to claim 7 additionally conprising one or

f h isting of:
et B EBRBRERT oGk b3l © Biein Ry 6CRpORAOroB G ipping

Ccor $algeritn doRiprisbs ONSmathgl Spirfaigbad! Sthe 1 Gikafolamine comlprises
conposi tion accordlgﬁg to claim21 conprising from abou

20 PeNgehanolgning opd Hige it leasdstonsnanetel-removing  compound

sol y&Abrisds' emhaBRY biveéot © about 50 wt % of the at | east
one nu%l eophi | ?Ic a%iyne, fromabout 0.5 to about 40 wt %

of the at |east one netal -renovi ng conpound, from

i, APy Rar Rl ot i f aBefpeff SuBRGaCRe oy more

A comppeiantsn selededi ndroto cthai mg;o?;mnpcbns?igtggf rocm':c metal-
; 80 wmt.% of N- net rrolidone, from
o boSmxhOIcBAGHb TGRS FonlialBitns RERL ftisian Gibiors! and

abosurfe@tehts,o about 40 wt % of di et hyl enegl ycol, from
about 0.5 to about 10 wt % of catechol, and from about

0.5 to about 50 wt% of water. 12. A conposition

. accArainmgpsitione becdriihg cloNPlaing | M GdtitieABIRL @BinpASing CorfP @ tmore

components  selected from the group consistihg of metal-
complexing/corrosion resisting compounds, other corrosion inhibitors and
surfactants.

A composition according to claim 1 comprising from about 20 to about 80
wt% of the at least one stripping solvent, from about 1 to about 50 wt% of the
at least one nucleophilic amine, from about 0.5 to about 40 wt% of the at
least one metal-removing compound, from about 0.5 to about 10 wt% of the

at least one weak acid, and from about 0.5 to about 50 wt% of water.

A composition according to claim 7 comprising from about 20 to about 80
wt% of N-methyl pyrrolidone, from about 1 to about 50 wt% of
monoethanolamine, from about 0.5 to about 40 wi% of diethyleneglycol, from
about 0.5 to about 10 wt% of catechol, and from about 0.5 to about 50 wt% of
water.

A composition according to claim 1 comprising from about 40 to about 60

wt% of the at least one organic stripping solvent, from about 20 to about 30
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wt % of the at | east one organic stripping solvent,

from about 20 to about 301740 wt % of the at |east one
woewmbezdobi | i c am ne, from about 5 to about 15 MPWEI005/022598

the at | east one netal -renovi ng conpound, from about 2

to about 6 wt% of the at |east one weak acid, and from
174@bout 5 to about 20 wt % of water. 13. A conposition

according to claim?7 conprising fromabout 40 to about

60 wt % of N-nethyl pyrrolidone, fromabout 20 to about

30wig%fahe PR R B aLaBbpidlic mire, &looubbsuttDtcabiodit 1155wt% of
wt % of di et hyl en

lycol, f b t 6
of eapicieRe) oneamtﬁﬂ%lﬁpﬂaa&?%%aga ?Jrﬂtabgb'?%t g agpoul B 1% of

VR at Id4st ofte VRIBRORIC, 2R frRGEAHELItBtotabott 20 Wt%?of water.
conprisi ng about 46 wt % of N-methyl pyrrolidone, about

23 wt % of npnoet hanol am ne, about 11 wt % of

13, di & Pgrbggﬁ%ﬁ/Q?éordiﬂgqmci%n}’\@(y@d?ﬁ%rfsg‘gfﬁam ab&Rtdsd t@Bbout 60

abou A net [ eani ng
ni etel afctN-oneihy! sppsalidanes fdne hebeutprastiutei rﬂ?oéhy30 wt% of

SUb%&agHa%lola%%Ql fﬁ&ﬁ 38t 8Mo 4 %tsl'ét\ﬁtr"/r %ﬁ %léiﬂﬂér?éef{%ﬁg, from

one oresi st polyneric na
r esbdues taraiboubﬁam% eficdieebol, ahd frmocboyt Soopabiait 2§ wt’% of
conggctlng the substrate with a cleaning conposition
Time sufficient to clean the substrate, wherein
the cl eani ng conp05|t|on conprises: a) at |east one
anic stri sol vent

14.p E%TEHPW'Q'P aReEing 9 claiy 0 DT Pt 48oYER of N-methyl
Corﬂ)S/ﬁrbI‘Hd?ﬁ VVQ@dfutaQBd With af anenbdthaididmieeendbdue 11 wt% of
neutralize from about 3%t o about % b ht of t
nualeéquﬁnwltcoérﬁbﬁét%%% qfﬁa%eot*ﬁ'eagé ? %/ V\gégﬁfﬂcf‘é‘f’ft“’%ﬁ
has an aqueous pH of from

15. A method for cleaning microelectronic substrates without producing any

substantial metal corrosion, the substrate containing at least one of
photoresist polymeric material, etch residues and metal residues, the process
comprising contacting the substrate with a cleaning composition for a time
sufficient to clean the substrate, wherein the cleaning composition comprises:

a) at least one organic stripping solvent,

b) at least one nucleophilic amine,

c) at least one non-nitrogen containing weak acid in an amount sufficient
to neutralize from about 3% to about 75% by weight of the nucleophilic
amine such that the stripping composition has an aqueous pH of from
about 9.6 to about 10.9, said weak acid having a pK value in agueous
solution of 2.0 or greater and an equivalent weight of less than 140,

d) at least one metal-removing compound selected from the group
consisting of diethylene glycol and diethylene glycolamine, and.

e) water.
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about 9.6 to about 10.9, said weak acid having a pK

val ue in aqueous solution of 2.0 or greater and an
weouwswzdoent wei ght of |ess than 140, d) at | eaBCT/U8m®05/022598

nmet al - renmovi ng conpound sel ected fromthe group

consi sting of diethylene glycol and diethyl ene _
1740ycol am ne, and. e) water.1740 16. A net hod acpordlng

to claim15 wherein the at | east one nucl eophilic

am ne conprises an al kanol am ne. 17. A nethod

16accArmdethgdtazcold@ignoldainh b avheréinandlat |38 bndMAcRbERIIE Gmine
stripping solvent conprises a solvent selected from
t hec‘gﬁe SABNK9I3YINSf N- met hyl pyrrol i done,
di met hyl acet am de, and di net hyl sul foxide. 18. A
met hod according to claim17 wherein the at |east one
17 nucf Bpiod; accarding te slaiini Kewhareimtheaableast noe argania stripping
et SR COMHHsBY of Soivdriti Bt HERCInR gérgﬁp %lohgigf%g? BF REmethyl
is selected fromthe group consisting’o
nonRETHERBE inathykacdtamider ans- dmpthypsuifoixide20. A nmet hod
according to claim19 the at |east one weak acid
conprises catechol. 2 1. A nethod according to claim
1820 Avveetbpa acberdiny toedaitn thevherdanhe ab feasPOhd GuBIBbYISIG amine

conwrﬁﬁl%%slg-nnaqg%gﬁ{ﬁ%rrol i done, the al kanol am ne

conprises mono &ni ne and the at | east one
met al -removi ng conpound conprises diethylene glycol.
od accor tg_claim15 additionally

. di ng. ) all’
19CorAPTETHE HRTGR (of B SAptFRAFS e ek e o elested from
gr ahip gesuIstsishiflg of inoBEMafBRRIiIRX BAWA -amino-2-propanal.

20. A method according to claim 19 the at least one weak acid comprises
catechol.

21. A method according to claim 20 wherein the at least one organic stripping
solvent comprises N-methyl pyrrolidone, the alkanolamine comprises
monoethanolamine and the at least one metal-removing compound

comprises diethylene glycol.

22. A method according to claim 15 additionally comprising one or more
components  selected from the group consisting of: metal-
complexing/corrosion resisting compounds, other corrosion inhibitors, and

surfactants.

23. A method according to claim 21 additionally comprising one or more
components  selected from the group consisting of: metal-
complexing/corrosion resisting compounds, other corrosion inhibitors and

surfactants.
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corrosion resisting conpounds, other corrosion
i nhibitors, and surfactants. 23. A nmethod according to

w@bk@bieP61l additionally conprising one or norePCT/US2005/022598

conmponents sel ected fromthe group consisting of:
met al conpl exi ng/ corrosion resisting conpounds, other

17400rrosi on i nhi bitors and surfactants. 1740 24. A method

24.

25.

26.

27.

28.

29.

30.

according to claim15 conprising fromabout 20 to
about 80 wt% of the at |east one organic stripping
solvent, fromabout 1 to about 50 wt% of the at | east

one nucl hi | f b
of A method AcsaEling, IR B8 CPBRGIN oA AL, 10 APgi 80 il of
ageg ttd?lead?g%ﬁgﬁ %Qgﬁné’&ﬁve‘hh 8rgh ab&@st tooét%m\@@h/t% of the

aC| , from to about 50 wt % of wate
A mbtidrst caecuaiiapyiliccandingi from abewrHpitei akput ﬂ@rﬂ"%&ftthe at

éa%é%ou#ﬁ%tgpre%}ﬂhg g@r{%!f]rg LhQkt ¢ @S'abBEIPWD W%Uéf the

am ne, from about
t 0 ahle@st oddwatR@oifi, amcfroml edamegD)‘EdolabOﬂ’riﬁnN%@JtW%SrS t 0
about 10 wt % of catechol, and from about 0.5 to about
50 wt % of water. 26. A nmethod according to claim 15
COWMeﬂ«\dﬁiQadcbﬁd‘lh@bﬂdhmﬂm b0mabﬂng froth abdaat@o tbl‘&boat 80 wt% of

| east one o trippi ent

bdhimedo T o storen o Paltdt 38550 Wbl FebpfRgbBmine,

Inr_s :ﬁgiln@:é%&t &5tte a@)@guno é.'ﬁ"/%/\bfo/dléﬂwgtdneg@boll frast alsowt 0.5 to about
-renovin npoun rom.abo t 1.6 W%

of et $ataghols R jabak! G 5t%ﬁ§°tr't259ﬁ9%f8&lfvaéeto i

about 20 wt % of water. 27. A nethod accordi ng to claim

2 1 conprising fromabout 40 to about 60 wt %
N réetitefiiochgeaontinglémelaint A8 eEPEEINISTM 8beidth toﬁ)cwt 69 yyt% of

”Dr{Rgta'P?éb%lt %ma r?)‘?ganlc stripping solvent, from about 20 to about 30 wt% of
the at least one nucleophilic amine, from about 5 to about 15 wt% of the at
least one metal-removing compound, from about 2 to about 6 wt% of the at

least one weak acid, and from about 5 to about 20 wt% of water.

A method according to claim 21 comprising from about 40 to about 60 wt% of
N-methyl pyrrolidone, from about 20 to about 30 wt% of monoethanolamine,
from about 5 to about 15 wt% of diethyleneglycol, from about 2 to about 6

wt% of catechol, and from about 5 to about 20 wt% of water.

A method according to claim 27 comprising about 46 wt% of N-methyl
pyrrolidone, about 23 wt% of monoethanolamine, about 11 wt% of

diethyleneglycol, about 5 wt% of catechol, and from about 15 wt% of water.
A method according to claim 15 wherein the substrate comprises an

aluminum metallized substrate having vias and containing metal residue.

A method according to claim 29 wherein the metal residue is from at least
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fromabout 5 to about 15 wt % of diethyl eneglycol, from
about 2 to about 6 wt % of catechol, and from about 5
W@ 200akozaosl 20 W % of water. 28. A net hod accor dP@yUSI®05/022598
clai m 27 conprising about 46 wt % of N nethyl
pyrrolidone, about 23 wt % of nonoet hanol am ne, about
17431 Wt % of di et hyl enegl ycol, about 5 wt % of catechol,
and from about 15 wt % of water. 29. A nethod according
to claim15 wherein the substrate conprises an
al g IBbalkhifARE 5! BRdUpAEShsivaviy g tidrasmand titanium nitride
containing netal residue. 30. A nethod according to
clayens29 wherein the netal residue is from at
| east 1740 one | ayer selected fromthe group consisting
of titaniumand titaniumnitride layers. 3 1. A nethod
31. acAothmp tazcotdiignte dlaimme? biwherpis éfaﬁ)ﬁwbatr@tec&ﬁmﬂr@%% an

R b AN S o et

claim3 1 wherein the netal residue is fromat |east
rpgk@ﬁl sel ﬁﬁ]ge 9%' 8Pa1|r33{10 glﬂe‘fe(ﬁ{]ﬁesHe@g BEighib i@ PohMat least

one layer selected the group consisting of titanium and titanium nitride layers.
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